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Current Scientific and Technical Advances

The progress in nanocomposites is varied and covers many industries. Nanocomposites can be
made with a variety of enhanced physical, thermal and other unique properties. They have
properties that are superior to conventional microscale composites and can be synthesized using
simple and inexpensive techniques. Materials are needed to meet a wide range of energy efficient
applications with light weigh, high mechanical strength, unique color, electrical properties and
high reliability in extreme environments. Applications could be as diverse as biological implant
materials, electronic packages, and automotive or aircraft components. Although some of the
properties will be common between the applications, others will be quite different. An electronic
package polymer composite must be electrically insulating, while an aircraft component may
need to be electrically conductive to dissipate charge from lightning strikes.

The addition of small amounts of nanoparticles to polymers has been able to enable new
properties for the composite material, but results are highly dependent on the surface treatment of
the nanoparticles and processing used. It is important to determine whether nanomaterials could
be integrated into nanocomposites to enable multiple desirable properties required for a given
application.

While industry is seeking materials to meet difficult challenges with unique properties, there is no
"rule of mixtures" to identify how to mix multiple nanomaterials in a composite structure and all
required properties. Nanomaterials often have unique properties that could enable composite
materials with multiple unique properties simultaneously; however, it is often challenging to
achieve these properties in large scale nanocomposite materials. Furthermore, it is important that
nanomaterials have desirable properties that can't be achieved through use of conventional
chemicals and materials.

To assess the potential value ofnanocomposites, it is important to determine which nanomaterials
can be effectively integrated into nanocomposites and what new or improved properties this
enables. Then it will be important to determine the effectiveness of dispersion of the
nanoparticles in the matrix and how this affected the structure of the polymer to enable
optimization of the desired property. Once the basic models of this are developed, it will be
important to determine how the mixing of multiple nanomaterials in a polymer affects the
resulting structure and properties of the nanocomposite. One nanocomposite may be required to
improve the mechanical property, and another may be required to change the electrical properties;
however the addition of the electrical material may also change the mechanical properties of the
nanocomposite through interactions with the polymer and nanoparticles.

Thus, models of the interactions within the nanocomposite are needed to enable development of
effective rules of mixtures. This may require a combination of numerical modeling,
characterization and informatics to enable this nanocomposite with properties by design
capability. As this capability is developed, it will be important to characterize the interactions of
the nanocomposites with environmental effects including moisture, temperature and stress to
assess potential degradation ofthe nanocomposite's properties through its life.



Thus, the nanocomposite must have multiple new and unique properties for a specific application,
but those properties must not degrade significantly through the life of the material. Developing
these capabilities will require significant research into the interactions of the nanomaterials in the
polymer matrix and how these are changed with temperature, moisture and mechanical stress.

In general, two idealized polymer-layered nanocomposite structures are possible: intercalated
and exfoliated. The greatest property enhancements are generally observed for exfoliated
nanocomposites. These consist of individual nanometer-filler layers suspended in a polymer
matrix. In contrast, intercalated hybrids consist of well ordered multi layers with alternating

polymer/nanometer-filler layers with a repeat distance of a few nanometers. In reality many
systems fall short of the idealized exfoliated morphology.

A few nanocomposites have already reached the marketplace, while a few others are on the verge.
The global nanocomposites market is projected to reach 989 million pounds by the end of the
decade, as stated in a report published by Global Industry Analysts, Inc.
(http://www.strategyr.com/Nanocomposites_Market_Report.asp). The United States and Europe
dominate the global nanocomposites market, with a collective share of over 80% of the volume
sales for 2008.

Existing Materials:

A few examples of current nanocomposites being used are provided here.

Using an initial focus on the need for clean chap energy, nanocomposites provide a variety of
useful solutions. Using a nanocomposite ZNG/polymcr nanocompositc, In 2007, ANI scientists
invented the world's first nanoscale electric generator. This ground breaking invention is a
revolution which allows us to harvest mechanical energy from various microenergy sources in the
environment and human body, then convert them into electric energy_
http://www.appliednanomat.com!

Progress has also been made in solar power based on nanostructures and nanocomposites
• A group of Chinese researchers prepared dye-sensitized solar cells using

micro/nanocomposite Ti02 porous films, resulting in cells with enhanced light
collection. They applied a technique which can produce a large area in continuous
Jabrication. This technique opens an alternative way for manufacturing solar cells on an
industrial scale. Ti02 micro/nano-composite structured electrodes for quasi-solid-state
dye-sensitized solar cells, Yong 2hao et al 2006 Nanotechnology 17 2090-2097.

• BIoo Solar is developing and manufacturing revolutionary nano-structured ultra thin film
solar PV products that will provide affordable clean renewable energy for everyone.
Bloo's unique technology absorbs and converts more sunlight throughout the day,
resulting in a dramatic increase in total power output. BIoo's Solar Brush™ product
creates billions of nano-structured photovoltaic cells, which function as a highly efficient
solar conversion technology. Each vertical nano "bristle" increases the total PV surface
area by an incredible 6-12 times over current other thin film products on the market
today. doi: 10.1088/0957-4484/17/9/003. Bloo Solar (USA)

• A company called N ewCyte is bringing to market light amplification nanotube

technology from Georgia Tech (see Cleantech.com's 3D solar cells boost efficiency,
reduce size)



• Innovative Thin Films of Toledo, Ohio (see Cool companies at Cleantech 2007) has
developed a nanotechnology-based thin film that, when applied to the surface of a solar
module, "turns conventional grime into C02 and water, using a small amount ofUV
light,"

• And just last week a University of California Santa Cruz researcher revealed nanotech
innovations that appear to boost the efficiency of solar applications (see Cleantech.com's
Challenging silicon's grip on solar

In addition to a large potential impact on solar energy production, nanocomposites also have an
D TM· dfr·impact on nuclear energy; for example; emron SUitSare constructe om a umque

nanotechnology that far surpasses the effectiveness (or ineffectiveness) of current nuclear
biological-chemical (NBC) suits that only protect against radioactive particulate sources.
http://www.nanowerk.com/nanotechnology/companies/Radiation _ Shield _Technologies.html

Nanocomposites also can save energy when incorporated into paints, TAG Technology has
developed a nanoparticle that when added to paint only allow heat flow in one direction.
http://www.nanowerk.com/nanoteclmology/companies/T AG_Teclmology.html

Nanocomposites also influence other industries, such as computers, and plastics, coatings,
magnets, water remediation, and medical equipment. Various other fields and composite
properties are also influenced by incorporation of nanomaterials.

Other industries are also influenced by nanocomposites, including computers, electronic
magnetics, structural components, water remediation and medical devices.

Hewlett Packard has developed a nanoscale memristor switch using nanocomposites. The
memristor - short for memory resistor - could make it possible to develop far more energy
efficient computing systems with memories that retain information even after the power is off, so
there's no wait for the system to boot up after turning the computer on. It may even be possible to
create systems with some of the pattern-matching abilities of the human brain The researchers,
members of the Information and Quantum Systems Lab led by HP Senior Fellow R. Stanley
Williams, published their experimental findings in the advance online editon of the July issue of
the journal Nature Nanotechnology. An earlier paper in the journal Nature (1 May 2008)
described the theory of the memristor. The team conducted its experiments by building a
nanoscale memristor switch - at 50 nanometers by 50 nanometers, it is the world's smallest - that
contained a layer of titanium dioxide between two nanowires.
http://www.nanowerk.com/nanotechno logy/companies/Hew lett-
Packard _Development_ Company.html

XG Sciences develops and produces multifunctional materials that are based on our xGnP™
brand graphene nano-platelets. We manufacture these nano-platelets through proprietary
techniques that allow us to control their size and surface characteristics. Graphene nano-platelets
are useful as nano-additives for advanced composites, as a substrate for advanced electrical or
electronic applications, as the conductive component in specialty coatings or adhesives, and as a
component of e-inks or printable electronic circuits.

We have also pioneered an efficient low-cost process that allows us to uniformly decorate the
surface of our graphene nano-platelets with nanoparticles from a variety of metal, metal oxide
and semiconductor compositions ranging from 1 to 5 nm in diameter and at compositions up to 60
w%. This gives us the ability to tailor multi-functional materials that take advantage of
exceptionally large surface area to mass ratios of active metals and metal oxides for applications



such as catalysis, lithium-ion battery electrodes, supercapacitors, solar cells, and energy storage.
A recent publication even demonstrates that our conductive graphene nano-platelets, surface
treated with sensitized molecules, can be used to produce highly sensitive bio-sensors.
http://www.nanowerk.com/nanotechnology/companies/XG _Sciences. html

Nanocomposite permanent magnet materials are a new type of permanent magnet material
consisting of magnetically hard and soft grains, both in nanometer size. These materials have a
high potential to be developed into high-performance permanent magnets with very high energy
product. The new magnets will have lower cost, higher magnetic performance, and better
corrosion resistance as a result of the significantly reduced rare earth content. The new magnets
will also have improved fracture toughness as a result ofthe fine nanograin structure and the
existence of a relatively soft (X-Fephase. http://www.udri.udayton.edulNR/exeres/12BE8330-
16AD-4FF4-9l4A-OCBB9E334E7D.htm

Nanocomposites of cyanate esters were prepared by dispersing organically modified layered
silicates (OLS) into the resin. Inclusion of only 2.5% by weight of OLS led to a marked
improvement in physical and thermal properties (Coefficient of thermal expansion, Tg and
effective thermal stability). Most impressively, a 30% increase in both the modulus and toughness
was obtained.( doi: 10.1 0 16/80032-3861 (02)00709-7 ). A commercial application of similar
material includes a plastic nanocomposite is being used for "step assists" in the GM Safari and
Astro Vans. It is scratch-resistant, light-weight, and rust-proof, and generates improvements in
strength and reductions in weight, which lead to fuel savings and increased longevity. In addition
recent work with functionalizing nanotubes for compatibility in polymer matrixes have led to
increased modulus. J. Mater. Chern., 2007, 17,1143 - 1148, DOl: 10.1039/b6l8344a
(http://www .rsc. org/publish ing/j ournals/JM/mticle.asp?doi=b6l8344a).

Nanocomposites made from cellulosic materials in combination with smectic clays, hectorites or
synthetic clays with a negative charge produce materials that have increased degradation
temperatures and enhanced char yields. United States Patent 6893492, Nanocomposites of
cellulose and clay; White, Leslie A. (Kenner, LA, US) Delhom, Christopher D. (Gretna, LA,
US), The United States of America as represented by the Secretary of Agriculture (Washington,
DC, US). Pleximer from Natural Nano contains Halloysite clay nanotubes, shown below, that are
blended with a specific polymer base utilizing NaturalNano's patent pending technology. The
resulting product is a drop-in additive.
http://www.nanowerk.com/nanotechnology/companies/N aturalNano.html

Sponge-like silica nanocomposite latch onto toxic metals in water. Self-Assembled Monolayers
on Mesoporous Supports easily captures such metals as lead and mercury, which are then
recovered. A spray-drying technique is used for the one-pot synthesis of silica/poly-L
lysine/alginate nanocomposites that exhibit a homogeneous structure. As a consequence, the in
situ reduction of C02+ ions leads to the intra-capsular formation of magnetic cobalt silicates.
http://www.rsc.org/publishing/joumals/JM/article.asp?doi=b515797h. Another absorptive
nanocompositeis made with waste polystyrene PS used in the nanocomposite material at levels
between 7.7% and approx. 20%. Forming a hydrophilic biomaterial suitable for example wound
dressing, catheters, artificial blood vessel, etc. " Waste polystyrene foam-graft-acrylic
acid/montmorillonite superabsorbent nanocomposite, Ping-Sheng Liu I, Li , Ning-Lin Zhou, Jun
Zhang, Shao-Hua Wei , Jian Shen I Journal of Applied Polymer Science, Volume 104 Issue
4, Pages 2341 - 2349



Instrumentation/Eq uipment:
Manufacturing:

Plasma coupling technology, provides the capability of forming of carbon nanotube/fiber
systems are highly flexible and reproducible carbon nanotube (singlewal1/multiwall) and
nanofiber deposition. Capacitive coupling requires a high capacitance between the electrode and
the plasma (large amplitude RF voltages). The inductive coupling requires a high inductance
between a coil and the plasma (large RF currents). Capacitive coupling results in a high energy
ion bombardment while the ion bombardment energy is much lower in inductively couples
discharges. http://wvvw.c1arycon.com/plasmacoupling2.htmI

Nonradiatlve energy transfer is an important communication and transport mechanism at the
nanoscale. In contrast to coherent coupling that requires strong interactions via, e.g., electron
exchange; incoherent energy transfer relies on long-range electrostatic Coulomb interactions that
can potentially enable highly parallel, defect tolerant, and easily scalable communicating
structures. As an alternative to traditional charge transport, Forster-type exciton transfer can
provide an efficient energy transport mechanism in semiconductor nanostructures. On the other
hand, strong electrostatic "plasmonic" interactions can be used for controlling energy flows in
metal nanoassemblies. The ability to predictably control interfacial electrostatic interactions can
lead to such important applications as electrically pumped tunable light emitters, on-chip
plasmonic circuitry, artificial photosynthesis, low-cost photovoltaics, Terahertz detectors, and
bio/chemical sensors. http://cint.lanl.gov/discovery-platform.html

Molecular Vapor Deposition technology: Molecular Vapor Deposition (MVD®) technology
enables the growth of ultra-thin films with a wide range offunctionalities on a broad spectrum of
substrates. MVD is a breakthrough proprietary nanotechnology technique that allows for room
temperature vapor deposition of several types of organic and organometallic molecules. This
innovative technique has facilitated many new emerging applications with small feature sizes that
have been difficult or impossible using traditional liquid synthetic techniques. Due to its
versatility, MVD is an ideal process for modifYing surfaces properties. Films created using MVD
can serve as hydrophobic, hydrophilic, biocompatible, protective, or reactive coatings.
http://www.appliedmst.com/

Diamond like carbon (DLC) films were deposited on Si and then patterned to form 40 nm
features as nanoimprint templates. A plasma enhanced chemical vapor deposition (PECVD)
system with CH4 precursor was used to deposit DLC films on Si and quartz substrates. Then
these fllins were characterized using Raman spectroscopy, atomic force microscopy (AFM),
nanoindentation, and contact angle measurement. By varying the RF power and pressure of the
PECVD, DLC films with good uniformity, smooth surfaces «0.2 nm RMS), low surface energy
(~40 mJ/m2), and high hardness (~22 GPa) were achieved. Nanoimprint lithography and liftoff
process were used to pattern Cr mask on DLC films. Nanofabrication of Diamond-like Carbon
Templates for Nanoimprint Lithography. L. Tao, S. Ramachandran, C. T. Nelson, L. J. Overzet,
M. J. Goeckner, G. S. Lee, W. Hu

http://www.mrs.org/s _mrs/sec _subscribe.asp?CID=7356&DID= 191088&action=detail

Using MEMs technology along with arrays of atomic force probe tips, Nanochip is developing
storage chips that will store tens of Gigabytes per chip Nanochip (USA)
http://www.nanochipinc.com. The present Nanochip probe tip technology used typically records a
single bit of data in a 15 nm by 15 nm area. The Nanochip scanning probe technology has a



growth path that will lead to bit cells as small as 5 nm (about 400 times denser than present
NAND flash chips).

ptrri02 thin-film nanocomposites have been prepared using a process ofbi-combinant-target
pulsed-laser deposition. Pt nanoparticles have been produced, possibly in the deposition process
through rapid surface diffusion. The nanocomposite films can be created with the anatase form of
Ti02 being the dominant crystal structure. The Pt nanoparticles are .30 nm in size and
homogeneously distributed. Within the nanocomposite films, a . 5% Pt atomic concentration can
be synthesized from 20% Pt by weight bi-combinant targets

Instrumentation:

Testing:

The mechanical response of nanoscale materials and structures has important implications diverse
areas of science spanning topics that include understanding of biological recognition,
development of lightweight structural materials, to exploration of new concepts for switches and
chemical sensors. While instruments, such as nanoindentation, exist to measure mechanical
properties of nanostructured films on substrates, the development of techniques to reliably
measure mechanical response of structures with nanometer-scale architectural dimensions such as
nano-wires, nano-tubes, nano-dots, nano- films, nano-pillars, nano-porous, etc, remains a
challenge in nanomechanics. In parallel there is need to elucidate the mechanisms of deformation
in nanometer-scale structures via a combination of in situ electron microscopy and atomistic
modeling. http://cint.lanl. gov/discovery -platform. html

Small-angle X-ray scattering (SAXS) is a well-established method for structure investigations in
the size regime between I and 50 nm. The SAXSess is an instrument for structural
characterization in the nanometer range. Due to the design of the SAXSess the X-ray intensity at
the detector is very high and consequently measurement times are short. The use of an advanced
CCD detector makes time-resolved SAXS experiments possible and results in a high sample
throughput. The SAXSess enables to perform simultaneous measurements up to scattering angles
of 40° with the same excellent resolution as required for SAXS. No reassembly, no realignment
nor intermediate handling of samples is necessary.

High Resolution Stylus-Type Surface Profilometers incorporate advanced proprietary technology
in its force control mechanism and height-measurement sensors to minimize tip/sample
interaction. The well thought out design includes elegant sample handling and optical viewing.

Retsch Technology (Germany)
Retsch Technology develops and sells state-of-the-art optical measuring systems for particle
characterization. The products cover a wide measuring range from 1 nm to 30 mm and allow for
the analysis of 1) Particle size of colloidal materials, emulsions, suspensions, dispersions,
powders and granulates and 2) Particle shape of powders and granulates

Hummingbird Scientific (USA)

Hummingbird Scientific offers custom engineering services and products for cutting-edge electron
and ion microscopy applications, with an emphasis on products for Transmission Electron
Microscopes (TEM). The company develops solutions for applications in nanotechnology,
materials science, and biology.

Umech Technologies (USA)



A developer and producer of the MMA - MEMS Motion Analyzer™ product family. These tools
enable researchers to visualize and quantify three-dimensional surfaces and motions from
millimeters to Angstroms.

Visual Technology Services (UK)
Develops the PoSAP 3D Atom Probe Analysis Software, part of the three dimensional atom
probe microscope, a commercial nanotechnology analytical technique for characterising materials
at atomic scale.

Witec (Germany)
A manufacturer of high performance instrumentation for scientific and industrial applications
focused on new solutions for Optical and Scanning Probe Microscopy: SNOM (NSOM), Confocal
Raman Microscopy, AFM, SPM, PFM.

Simulation:
Ansys (USA)
The Multiphysics simulation tool addresses nanotechnology simulation requirements
covering ion optics, and electrostatic calculations associated with field emission tips and carbon
nanotube structures.

A general listing of companies and applications is given in appendix A:

Ongoing R&D Advances
Ongoing research generally focuses on state of the art developments and environmental impact of
nanocomposites

Particularly;

1) A new class of optical materials known as left-handed (or negative index) metamaterials that
are not found in nature. These structures can focus light down to dimensions that are far beyond
the classical diffraction limit, and we use these properties to create nanocomposite optical devices
that can process information at high speeds with very low power, environmental distribution,
bioavailability and ecotoxicity, transformation processes, and life cycle analysis.
http://physics.ucsd.edu/~drs/left _home.htm

2) MysticMDTM Inc. is an early stage technology company leveraging specific attributes of
carbon nanotube based conductive coatings to solve real world problems for the security, medical
and performance coatings markets. Mystic MD is developing proprietary materials that can
significantly improve energy density, safety, and other key performance characteristics of both
commercial and military lithium ion batteries through the development of new salts.
http://www.mysticmd.com/solutions.html

3) Y-Carbon innovative technology allows production ofnanoporous carbon of uniform and
controlled pore size. By varying different precursor and processing parameters, pore size can be
tuned between 0.5 and 2.2 nanometer with sub-nanometer (about ten billionth of a meter)
precision, something that is unattainable with conventional route of carbon synthesis. The
technology also allows porous carbon of pores up to 30 nm.
http://www.nanowerk.comlnanotechnology/companies/Y -Carbon. html



4) Superhard nc-ZrN/Cu nanocomposite films represent a new class of superhard materials of the
type nc-MeN/metal.The hard «40 GPa) ZrCu-N films are characterized by many weak
reflections from poly-oriented ZrN and Cu grains. In contrast, the superhard (~O GPa) ZrCu-N
films are characterized by a strong reflection from ZrN grains with a dominate ZrN(lII)
orientation and no reflections from Cu. The superhard ZrCu-N films with a hardness of 54 GPa
are nc-ZrN/Cu nanocomposite films composed of strongly oriented ZrN grains surrounded by a
thin layer of Cu. These films exhibit a high elastic recovery of about 80% (determined by a
microhardness tester) and contain approximately 1-2 wt.% Cu.

http://www.sciencedirect.com/science?_ob=ArticleURL& _udi=B6TVV -3YS8KNG-
X& _ user= 10& Jdoc=l &_ fmt=& _orig=search& _ sort=d&view=c& _ acct=C00005022 1&

version= 1& urlV ersion=O& userid= 10&md5=4b454bdOb8aeb714 fDc70ace5d636d9d

5) On going research also deals with the environmental impact of nanocomposites;

• Biodegradation - The rate of biodegradation of plastics reinforced with nanoparticles
would expected to be much slower then ordinary plastics. A standardized recycling
system would need to be in place to utilize nanocomposite.

• Leaching of nanoparticules - While methods for detecting as classification of
nanoparticles are still in development, the amount of nanoparticles added to
nanocomposites is small, and the potential for leaching is low, due to the strength of
adhesion of the nanoparticle to the matrix.

• Life Cycle Analysis (LCA) - Although the manufacturing cost is currently higher, a life
cycle analysis shows potential benefits in reducing energy use and environment
discharges by using a nanocomposite design.
http://cat.inist. fr/?aModele=a fficheN &cpsidt= 15043037;
http://www.springerlink.com/content/x 1518q6311 x8q43 xl



APPENDIX A: Current companies producing nanocomposites for consumer or industrial use

Aerogel Composite (USA)
The company's aerogel chemical composition, nanostructure and physical properties can be
controlled at the nanometer scale due to sol-gel processing.
Ai·Nano Sdn. Bhd (Malaysia)
Provider of nano- Ti02 photocatalyst solutions and nanotechnology photocatalyst coating
application systems.
Allomet (USA)
Producing and marketing a novel family of sintered composite pseudoalloys with CVD coating of
nanolayers.
AMCOL International (USA)
AMCOL International is a supplier of specialty minerals. The Corporation is positioned to
capitalize on a proprietary technology that disperses nanoscale particles of chemically
modified clays into plastic resins, improving strength, heat stability and barrier properties
American Biotech Labs (USA)
The company has developed its patented SilverSol TechnologyTM which works by catalytic action,
not by chemical action and is used in the manufacture of nanosilver products and
applications. ABL's product lines currently include dietary supplements, government approved
hospital and home disinfectants and a new wound care product for animals
BASF (Germany)
Applies nanotechnology across several product areas such as cosmetics where the company
supplies UV absorbers based on nanoparticulate zinc oxide and titanium dioxide; binders for
facade coatings where inorganic nanoparticles are homogeneously incorporated into organic
polymer particles of water-based dispersions; and plastics with nanoadditive which improves
flowability during production
Beijing Chamgo Nano-Tech (PR China)
Manufactures antimicrobial fibers and plastics and nanocomposite materials
Bioni CS (Germany)
Bioni's core business is the development, production and marketing of coatings to enhance the
walls, facades and roofs of all manner of buildings. Based upon the latest scientific findings in
nanotechnology and together with the researchers at the Fraunhofer Institute for Chemical
Technology, Bioni has developed an effective nano-filler combination, which when used in
both interior and facade paints, permanently prevents the formation of mould, bacteria and
algae.
Cetelon Nanotechnik (Germany)
The company develops and sells a series of acrylate nanocomposite coatings under the trade
name CETOSIL that contain up to 30% of nano-sized silica. The use of special surface
grafted silica nanoparticles ensures the transparency and low viscosity of the coatings.
CG2 Nanocoatings (Canada)
The company has developed a process to utilize nanoscale properties by first functionalizing
nanoparticles and then incorporating them into a base material (polymers, metals, ceramics
or composites).
Cleancorp Nanocoatings (Germany)
Production, research, development and sale of nanotechnical surface coatings, nano
powders, additives, anti-bacterial nanocoatings, and nanomaterials for surface
modification.
Cleantechnology International (USA)
A supplier of high quality nanostructured carbon material such as solid carbon nanosphere
chains.

Diamon-Fusion International (USA)



The company's coating process works at nanoscale levels, approximately 30 nanometers. The
change of the molecular composition of the silica-based surface created by bonding diamond
nanoparticles enables the full efficiency of the coating process at an atomic scale
Fujifilm (Japan)
The company's nanocubic technology allows the production of nanoscale ultra-thin coatings. In
addition, nanoparticle technology is employed to create magnetic needle-shaped metal particles
and plate-shaped barium-ferrite particles that are only a few tens of namometers in size, and a
new high-molecular binder material and nano-dispersion technology are used to ensure uniform
dispersion of the particles.
Global Surface (Switzerland)
Polymeric coatings and nanocoatings; Self-assembled monolayers; Sol-gel coatings; Organic

inorganic composites and nanocomposites. The speciality of Global Surface AG is a novel
patented method, which enables the coating of surfaces with thin and ultrathin layers down to 1
nanometer thickness
Hybrid Plastics (USA)
Pioneered and continues to specialize in the design, manufacture, and application of
Nanostructured® Chemical Tools derived from a class of chemicals known as Polyhedral
Oligomeric Sil sesquioxanes (POSS®).
Hydrexia (Australia)
Hydrexia's hydrogen storage systems technology is based on cast magnesium alloys with novel
nano-structure to store hydrogen as a solid metal hydride.
Hydrogen Solar (UK)
The company uses nano-crystalline metal oxide thin films for its fuel and solar cells.
Kovio (USA)
Kovio Inc., a privately held Silicon Valley company, is developing a new category of
semiconductor products using printed silicon electronics and thin film technology. Based on
breakthroughs in nanomaterials and printing technology, Kovio has developed printable
silicon-based inks and process innovations.
Lanxess (Germany)
A specialty chemicals group that develops nanocomposites and nanoadditives like its
Nanoprene high-performance rubber additive.
LaSys (USA)
Develops novel nanocomposite materials with enhanced optical properties.
Lehigh Nanotech (USA)
Lehigh Nanotech is a knowledge-driven firm focused on the development of new and innovative
products for environmental remediation. The companya€TMs zerovalent nanoiron products bring
a fundamental transformation to the in situ soil and groundwater treatment of a wide range of
recalcitrant contaminants including chlorinated hydrocarbons, nitroaromatics, pesticides and
certain toxic metal ions.

MiIIiDyne (Finland)

Millidyne is an innovative materials technology company providing advanced coating materials
and surface treatment technologies for customers in the metal, electronics, construction and
process industries. Sol-gel technology and functionalized polymers are the cornerstones of the
company's coating chemicals. Sol-gel technology combines different materials on a molecular
level to create true nanocomposite structures.
Modumetal (USA)
Modumetal uses principles of nanotechnology to build nanolaminate metal alloys from the
ground up, promising exceptional structural-to-weight characteristics and customized non
homogeneity allowing the alloy to be stiff and hard in some places while softer and lighter in
others with unusual corrosion resistance and hardness properties
Nanox (Canada)

An advanced materials company whose platform technology is capable of producing engineered
high performance advanced materials, including nanocomposites and nanomaterials, for
applications in the environmental and energy industries.
Optical Dynamics (USA)



Optical Dynamics has a history of developing innovative optical products, durability enhancing
coatings, and highly engineered nano/polymer films. The company is pursuing new business
and product development opportunities for nano-based coatings and optical materials.
Panisolar (USA)
Develops electrochromic windows and dye solar cells. The company uses nanocomposite
materials and advanced technologies based on printing and roll-to-roll processing
techniques
PolyOne (USA)
A provider of polymer products, services and solutions, including nanocomposites and
nanoscale compounds.
SiMPore (USA)
SiMPore is a early-stage company commercializing a breakthrough nanomembrane technology
for the separation and purification of biomolecules and other nano-sized particles in a wide range
of applications. Such application areas include biomedical research, biopharmaceutical
processing, nanotechnology development and hemodialysis.
Sinmat (USA)
Sinmat is an emerging materials nanotechnology company developing value driven technological
solutions for the semiconductor industry. For instance, its use of their nano/nanosponge particle
technology allows successful development of a flexible, defect-free process to fabricate
copper-based interconnects.
Solvay (Belgium)
One of the company's vinyl products is NanoVin, an innovative nanocomposite combining
polyvinyl chloride (PVC) and nanoparticles of clay. It also develops membranes for
nanofiltration
SusTech Darmstadt (Germany)
The company has expertise in synthesizing nanoparticles and uses nanotechnology to develop
new materials such as coatings and biocomposites.


