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Industry Type of Nanom aterial Application Area
Segment
Defense Active Tunable Manofibers/ Nanoparticles; | Camouflage fabric that can vary color based on surface charge and hence tunable
Manocom posites, Carbon Manotubes contral of the infrared signature for active cam ouflage. [1]
Falym er/MNano-iron oxide Composites Propellants for firearm s due to extrem e exothermic reaction from the iron oxide
Palym er/MNano-aluminum Com posites particlesthat is equal to or superior to existingt oxic and carcinogenic propellants.,
Bismuth /Carbon Manoparticles Rocket Primers and Rocket Fuels are being” greened” by substituting nanom aterialsfor
lead. [2, 3]

Magnesium MNanoparticles, Added to paints and coatings for corrosion resistance. Appear to have better wear life
Zinc Manoparticles than traditional chrom e plating and safer to use. [4]
Carbon Manotubes Bullet -proof multilayer-epoxy com posites manufactured with CM sheets, the size of a

piece of plywood 4’ x 8 foot, provide a shield that can stop a 9mm bullet and weighs
ho more than a pack of playingcards[5]

Energy Carbon Manot ubes Airm is to produce inexpensive solar cells containing carbon nanotubes that can be
painted or printed on flexible plastic sheets. May enable homeownersto print their
own solar panels via an inkjet printer, [6]

Pdand doped carbon nanotubes Enhance hydrogen fuel cells by increasing storage capacities and showing faster
hydrogen ahsorption kinetics. [7]

Manoparticles Laboratory experiments have shown that certain nanoparticles can stimulate algae
growth as a source of biofuels [3]

Aerospace Carbon nanotube/epoxy composites sraphit efepoxy com posites are being replaced by CNT fepoxy composites. These are

stronger and lighter in weight than traditional com posites [9]

Clay nanoparticles Being incorporated with polymers to create fire retardant aircraft interiors, [10]

Aluminum nanoparticles Increase propulsion energy mixed with liquid hydrogen for jet and rocket fuels [11]

Nanomaterial Applications
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Electronics / | Carbon Manotubes Carbon nanotubes are central tothe design of a nanoengneered battery, MNeedfor
IT light weight, ultra thin and flexible batt eries for consumer products and m edical
devices[12]
Carbon Manotubes Experimental Mano-thin film loud speakers have been crested. [13]
Carbon Manotubes Frintable water-basedinks containing CNTs enable the production of transparent, electrically
conductive thin films that may replace conductive thin films made with indium-tin oxide.
Applications are cell phones, touch screens, and flexible displays. [14]
Automotive | Manoparticles Color fast automobile paints contain non-fading nanoparticles along with scratch, chemical, UV

resistance and self cleaning properties [15]

Manom aterials

An oil base nanomaterial coated with a surfactant, to maintain the nanomaterials in solution,
are usedin thermal conductive motor cils. They're usedin automatic transmissions and
hydraulic steering applications [16]

Magnetic nanoparticles

Used to create magnetic fluids that are used in shock absorbers [17]

10 nm Cerium oxide nanoparticles

Forms part of the Environ ™ diesel fuel catalyst which improves combustion duetothe
increased surface area of the cerium oxide nanoparticles[13]

Construction
Materials

Manom aterials

Manomaterialsin a sheer coating repel dust and water, This could lead to self-cleaning
windows and self-cleaning solar panels, [19]

Manom aterials

Nanomaterials provide a barrier for concrete. The nano- additive slows down the penetration
of chloride and sulfate ions from road salt. This may double the life of concrete, [20]

Manam aterials

Coatings for bricks, clay, plaster, and stoneinclude anti-dam p coatings that are water repellent
and anti-fungal/alzae [21]

Coatings

Manom aterials

Nanoparticle based, organic corrosion inhibitors are replacing costly chromate based corrosion
Inhibitors, Estimated costs of the DoDwhen dealing with end of life chrome plating arein the
$20 Billion range. These new coatings will substantially save money [22].

Textiles /
Apparel

Cuantum Dots

Textile dyes obtain pure and bright hues, Nanocrystals as colorants are stable and, when mixed
with chyes, can produce a spectrum of colors, which is not attainable by either dyes or pigments
[23].

Nanomaterial Applications
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Wax Manoparticles A water repellent spray coating made up of super hydrophobic 1 nanometer wax particles
creates a fabricthat is resistant to water and dust. [24].
Manoparticles and Manofibers Laboratory experiments have shown that it is possible for excess body heat to be stored in a
garment, Thestored heat inthegarment is released back to the skin when needed [25].
Silver nanoparticles Integrated with sports clothing to prevent microbial growth, and odor [26].

Cosmetics / | Mano titanium dioxide & nano zinc oxide | Used in some cosmetics. The applications indude: eye liners, moisturizers, lip sticks, make-up

Personal foundations, soaps, sunscreen, mascara, and nail polish. [27] [28]
Care
Products
Food & Carbon Manotubes, Nanoparticles Nanomaterials are used in food packaging., The penetration of light, moisture, or gases can
Beverage alter the sensory characteristics of food products, as well as foment speoilage. Manomaterials
enhance packaging barrier properties. An exampleis clay nanoparticles are used as an oxygen
barrier in hoil-in plastic bags [29]
Paolymeric and Liposome Manoparticles Nanomaterials are being used to deliver vitamins and nutrients in foods. The nanomaterials are
coated with thevitamins and nutrients and carry them through the stomach tothe blood
strearn [30]
Polymeric and Liposome Manoparticles Interactive foods are being developedin the laboratories that allow you to choosethe desired
flavor and color of a food. A nanoparticleis coated with the flavoring or color andthen trigger
by some human trigger, possibly chewing [31] [32].
Medicine / Binactive Manom aterial Morthwestern University's researchers have developed a material of nanoscopic fibers that
Health stimulate stem cells present in bone marrow to produce cartilage containing typell collagen

and repair the damaged joint. This minimally invasivetherapy activates the bone marrow stem
cells and produces natural cartilage [33].

Cerarnic Nanoparticles Manoparticle-ceramic composites are used on dental applications for crowns, bridges, and
inlays that require high strength [34].
Carbon Manotubes Various carbon nanomaterials are used to enhance imaging properties of a varigy of MRI and

CT-based contrast agents [35].

Nanomaterial Applications
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Sensors

Mano-electranics

Current |aboratory research focuses on nanoscale sensor array probes are used as electronic
hoses to deted gases and hio-metabolites [30]

200 MNanowires

Georgia Tech Laboratory researchers have heen ableto produce a self- powered nanosensor,
It"s made of freestanding zinc-oxide nanowires that havethe ahility togenerate electrical
potential when placed under stress, [37]

Unknown

Researchers have developed electronic metion detection by ananoelectomechancial bricge
and a single-electron transistor can detect movements as small onethousancth of a nanometer
[35]

Recreation

Unknown

Skis and Snowhoards -Cerax Nanoway, which moved from thelaboratory to commercial usage
in a relatively rapid 15 month time span, was introduced in Europein September of 1933,
Nanogate Coating Systems iz now among the "top ten of skiwax suppliers,” according to Dieter
Iioeller of Nanogate, product manager for Cerax, [39]

Carhon Nanotubes, Nanoparticles

High end (4] golf club shafts are made with nan o-composites to make the shaft stronger and
more flexible, Racing hicycle components, [40]

Clay Nanoparticles

According to a tennis ball manufacturer, clay nanoparticles mixedwith plastics and synthetic

rubber create an airtight surface. This sealant is usedin double coretennisballs The double
coretennis balls have twice the bounce becausethe nanoparticles lock in air more effectively,
[41]

Nanomaterial Applications
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Carbon Nanotubes (CNTs)

Graphene

Nanoplates

Nanoparticles (NPs)

--Nanocomposix Corp

Fullerene

Nanofibers

Or .
Nanowires

Bucky Ball

--Andy Gion
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Key Nanomaterial Characteristics that need to be assessed Perkinimer
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Figure adopted from Hasselléy, M., and Kaeal, B, Analysis and ehacacterizalion of manafasiured nanoparticies in aguatic anwronments, Chapler 8 In Enviroamental
& Humman Heaith Impacits of Nanolechnology, Eds., Lead, J.R. & Smith, E., 2009 Blackwall Publishing Lid,
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Table 4. Nanomaterial characteristics and applicable analytical technologics.

Sarface
Analytical Techaique Distribution Charge Area
Indectively Coupled Plasma - Mass Spectrometry ICP-MS L ]
Field-flow Fractionation + ICP-MS FFF.ICP-MS ]
Laquad CE praphy - Mass Sp v LC-Ms .
L
*

Optical Spectroscopy - UV/Vis: UV/Vis

FFF
DLS
Static Light Scattering sLs
Molecalar Gas Adsorption (BET) BET
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Engineered Nanomaterial Manufacturing Lifecycle  perknemer

Engineered Nanomaterials \

Workplaoe EHS not understood .
Quality Bulk Regulations being applled cmality nlpbultleit,
Control c‘“"”“' Lifecycle

Raw Synthesis / Ship / Inmming Formulation /
' Materials Hanuhnlum Receive Inspac‘tiun End Pror.luct “r
(

.

TGA-GC-MS, AA, ICP-MS
FTIR, TGA-FTIR, TGA
UV-VIS-NIR, HPLC-MS
HPLC-ICP-MS, DSC, DMA
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Regulatory & Research Topics for EHS

-

air EPA, NSF, USDA, DOE
Personal
eon mission Protection
Risk All A . NIOSH, EPA, FDA, D
ncies
Mitigation ge Fate, transport & Ex;_aosurg Eygms
: - ‘ transformation Bioavailability
Risk .All Agencies
| Managemeni & 7 s
Risk NIH, EPA &
i i i DGE
CharacT;r'lzahon Toxucol:‘%\ié i Bickinetics
: i NCTR,
Communication NTP,
oy

Seource: DOE Molecular Foundry—Lavwrence Berkeley Nahonal Laboratery
Office of Poliution Prevention and Toxics, U.S. EPA

Environmental Implications
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Svynthesis, characterization and behavior of Manufactured Nanoparticles in the

Environment.

Speaker: Jamie Lead -U of Birmingham at the 5™ International Conference on the
Environmental Effects of Nanomaterials and Nanoparticles — August 2010 ,
Clemson, SC,

Excerpts from A. W. Salamon’s notes:
“There are no techniques to characterize NPs in soils and in water.” [field analysis]
“Use as many analytical techniques as possible to characterize NPs.”

“When uncoated NPs enter the natural water environment, they are immediately
coated with organic materials from the environment. This may change the toxicity
and make the NPs more stable and non-toxic.”

“Natural NPs look almost identical to Engineered NPs.”
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» Field and laboratory arsenic speciation methods and their application to
natural-water analysis [HPLC-ICP-MS]

Authors: A.J.Bednar, J.R. Garbarino, M.R. Bukhardt — USGA; J.F. Ranville, and TR.
Wildeman -- Colorado School of Mines

» “Arsenic can exist in natural water in a variety of inorganic and organic forms.
... Many of these species are the result of natural processes, such as mineral
weathering or biological activity, yet the number of possible anthropogenic
sources is increasing, primarily from mining and agriculture.”
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» Characterizing Manufactured Nanoparticles in the Environment: Multimethod
Determination of Particle Sizes [FL, TEM, AFM, FFF, DLS]

Authors: R. F. Dominogos , M.A. Baalousha, et al. — U Montreal, U Birmingham,
McMaster U, McGill U, Canadian National Water Research Inst.

» “The mobility, fate, and bioavailabity of manufactured nanoparticles in the
environment depend on the their size, shape, charge, and other properties.
Unfortunately the characterization and quantification of nanoparticles is a
difficult analytical challenge since measurements are highly dependent upon:

Particle size and nature,
Sample concentration and solution physicochemistry, and
Fundamental principals of the analytical technique”
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» Influence of Stability of the Acute Toxicity of CdSe/ZnS Nanocrystals to
Daphnia Magna [UV-VIS, DSL, FFF-ICP-AES, FFF-ICP-MS]
Authors: H. E Page, E.K. Lesher, and J.F. Ranville — Colorado School of Mines

> “Most toxicology studies have suggested two pathways by which QD
nanocrystals can cause impairment: dissolution and release of toxic metals,
and toxic effects associated with nanoscale properties (nanoparticle size,
surface chemistry, etc). Derfus et al reported that CdSe-core QDs produced
cyto-toxic effects, which were correlated with the release of free Cd?* due to
surface oxidation. This toxic effect was exacerbated by exposure to air and
ultraviolet (UV) light, which served to accelerate the oxidation process. ... The
principal objective of this study is to relate the toxicity of QD’s to specific
physical and/or chemical aspects of QD.”
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» PerkinElmer’s Nanotechnology and Nanomaterial Applications Library

EHS and Environmental Applications Library
= AA applications
= |CP applications
= Elemental Analysis (EA2400) application
= FTIR applications
= TGA-FTIR application
= UV-Vis-NIR applications
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Nanomaterials Reference Library | PerkinElmer - Windows Internet Explorer

@5*' &l http: /fwww perkinelmer .com fpages/010/applications fnanomaterialsreferencelibrary sdtml || $) | X | [Live Search 2

File ” iLirks ®MGoogle N NuRide BIWCSU &] Green Mountain Mational 2] The Mountain Times

w W [&. MNanomaterials Reference Library | P... ]_l

f - B - @& - [Page v @ Tools v

' ) USA - CHANGE CONTACT US LOGIN REGISTER Not Legged In i
Porkin
For the Better b ﬂ
HOME ABOUT US PRODUCTS TECHNOLOGIES INDUSTRIES SERVICES RESOURCES
“ = Prometions » Analyticsl Instruments & Consumables Promotions = Manomasterisls Reference Library
Nanomaterials Reference . 1 f . b eyt B SHARE & PRINT
Liprary Nanomaterials Reference Library
Atomic Spectroscopy Important Links
» Manotechnology is the understanding and control of matter at dimensions between
Chromatography X . X
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» Ask a series of questions
What is the physical state of the material?
= Acomposite, a liquid, a powder?
What NP characteristics need to be analyzed?
= Rank them by importance.

What type of information is required?
= Quantitative, Qualitative, a mixture of both?

What analytical accuracy and precision are required?
What do you know about the material?

Is the sample complex or simple?

What is the history of the sample?

What is the material’s future?

How many samples must be run?

What is the required analysis turnaround time?

Are the safety hazards to be concerned about?
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» Review the Characterization Matrix and Identify the instruments
for your investigation.
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» Your sample may be similar to another sample type that already
has a published method. ISO or ASTM may have methods, test

reports, or guidance documents that may be modified to meet
your needs.

» ISO examples:

Nanotechnologies — Determination of metal impurities in carbon nanotubes
(CNTSs) using inductively coupled plasma - mass spectrometry (ICP-MS)

[Revised Draft Dec. 02, 2010] Detection of surface bound molecules to gold
nanoparticles using Fourier Transform Infrared (FT-IR) spectroscopy
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» Ask the experts if you are not sure.
Data interpretation
They may recommend additional testing
They may recommend solutions to your problem

» Where to find the experts
Universities
Consultants
Instrument manufacturers
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“[Single Particle] SP-ICPMS is the first analytical technique to characterize silver nanoparticle size
distributions in surface water at concentrations relevant to release from consumer products.”

—E. M. Heithmar', S.A. Pergantis?, C. Stephan®, E.M. Siska*, S.A. Beres3, " US EPA, 2University of Crete, *PerkinElmer, “Student Services Contractor to EPA,
Transformations of silver Nanopatrticles at environmentally relevant concentrations in fresh and saline surface waters, May16, 2011. Milan, Italy

“TGA - [GC] MS for analysis of Polyaromatichydrocarbons adsorbed on nano-TiO2”

“TGA [is a] powerful tool to study purity, structural changes with nanomaterials for with a well defined
parameter and experimental condition. [and] environmental transformation [of CNTs] including

sorption and oxidation of nanomaterials can be studied.” -- £ sanie-Demessiet, A. zhao, A. . Salamon?,1U.S. EPA,
2PerkinElmer , Integrated Thermal Analysis and Related Hyphenated Techniques for the Characterization of Multi-Walled Carbon Nanotubes, March 16,2011. Atlanta, GA.

Multi-Walled Carbon Nanotubes; Significant New Use Rule - June 6t, 2011

40 CFR Parts 9 and 721 [EPA-HQ-OPPT-2009-0686; FRL-8865-4] RIN 2070-AB27

“This action requires persons who intend to manufacture, import, or process the chemical substance for
a use that is designated as a significant new use by this final rule ... “After the final SNUR is
effective, any person intending to manufacture, import, or process the substance for a use other

than as an additive/filler for polymer composites and support media for industrial catalysts “




|ICP-MS Schematic of General Analysis for Nano Metals
--courtesy of Dr. Chady Stephan PerkinEimer
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1st Derivative Peak Times
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Targeting ligand
O Surface functionalization
Polymer matrix

@ Therapeutic payload

Y
50 - 200 nm

Bind Biosciences, Inc. 2010, Accessed Jan 2011, http://
www.bindbio.com/content/pages/technology/index.jsp

Repeat Unit Polymer-CPT Conjugate CRLX101
Nanoparticle
B antigen R Cerulean Pharma Inc. Clinical Trials, Accessed Jan 2011,
http://www.ceruleanrx.com/clinical_trials.html
T memory antigen
Adjuvant

»u» Biocompatible matrix

Pathogen svp™
(e.g. influenza virus) (targeted Synthetic Vaccine Particle)

Selecta Biosciences, 2011, Accessed Jan 2011, http://
www.selectabio.com/product-platform/index.cfm
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So where do we start? PerkinEimer

>

We start by identifying the most important new instrument
need.

We start by indentifying the most important method needed for
an existing analytical technique.

We begin dialogs with instrument manufacturers.

We begin dialogs with NM manufacturers and end product
formulators.

We begin dialogs with ISO and ASTM.
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