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President Obama Launches Advanced Manufacturing Partnership C

.

Today, at Carnegie Mellon University, President Obama launched the Advanced Manufacturing Fartnership (AP, i
a hational effort hringing together industry, universities, and the federal government to invest in the emerging L

“The President believes (the following are critical)...
 building domestic manufacturing capabilities in critical national
security industries;

 reducing the time needed to make advanced materials used in
manufacturing products;

« developing new technologies that will dramatically reduce the

time required to design, build, and test manufactured goods.”
http://www.whitehouse.gov/sites/default/files/uploads/InnovationStrateqgy. pdf
http://www.whitehouse.qov/sites/defa iles/microsites/ostp/pcast-advanced-manufacturina-june?2011.pd
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So what IS the problem?
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Source: Census Bureau
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Manufacturing drives jobs throughout the
economy
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Manufacturing is tied to innovation
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Interagency Advance Manufacturing
National Program Office (AMNPO)

[ Executive Office of the President ]

stakeholders

Advanced
Manufacturing
Partnership (AMP)

Advanced Manufacturing Advanced
National Program Office Manufacturing Agency

(housed at DOC - NIST ) Leaders (NSTC)

* NPO composed of members from key federal agencies, industry and academia

—  All staff are federal employees via IPA, Federal Fellow or NIST direct hire/short term authority
« Guided by agency leaders within National Science and Technology Council
« Works with agencies to create an integrated interface for advanced manufacturing
« Works with external stakeholders to establish/strengthen AMP private-public partnerships
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Focus on Scale Up — The Missing Middle

Basic science Commercialization
Largely government funded private sector owned/funded

NSF Engineering Manufacturing Innovation P:\ur:ufuc}t]pring Extension
artnershi
[TE=E Research Centers p

100 DOE Energy
S10M — Innovation Hubs Institutes for

Annual Budget

NSF IUCR Centers
S100K — SBIR, STIR

Technology Maturity

NISF@ Center for Nanoscale Science & Technology _



Partnerships will be critical

Grantee is self-assembled
team of organizations

* Industry — large + SME'’s

« Research organization

«m, ° Partners may include

 (Career and technical education
institutions (e.g. Comm. Coll)

« State, regional, or local
economic development
organizations

« Professional associations;
iIndustry associations; or other
not-for-profit organizations.
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All ideas welcome
— IMI topic category examples

A Manufacturing Process An Advanced Material
e.g. Additive Manufacturing e.g. lightweight, low cost
(IMI FY12 pilot) carbon fiber composites

An Industry Sector
e.g. bio-manufacturing to
enhance safety, quality, cost
and consistency of bio
products

NILST & Center for Nanoscale Science & Technology

An Enabling Technology
e.g. smart, sensor enabled
manufacturing for productivity
and sustainability




Institute Selection Criteria

« Technology focus

« RD&D plan

« Broad Impacts

» Partner resources
 Partner investments

« Self sustainability
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Seeking Broad Public Input to Design the
NNMI

—What can you do?

« Respond to the Request for Information (coming soon in
the Federal Register)

« Participate in public workshops — the first event, Designing
For Impact I, just took place April 25" at RPI

* Read updates on manufacturing.gov
* Post on the NNMI wiki

 All ideas welcome
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MANUFACTURING’
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ADVANCEDMANUFACTURING MAKEITINAMERICA RESHORING

ABOUT THE ADVANCED MANUFACTURING NPO
LEARN MORE LEARN MORE

LEARN MORE To maintain the partnership’s momentum, U.S. Commerce Secretary John Bryson has initiated formation of
the National Program Office (Advanced Manufacturing NPO). Hosted by the National Institute of Standards

N E ws I N D I c AT 0 R S & D ATA U Pc U M | N G E V E N T S m ‘3” Ll:';-‘iitl;-\ V;‘jﬂ;\”st:d m\S-‘SII-:ZKIT‘:a'; v':';ll ;:: fEH-:‘ 5 frn;: n; :ﬂjan ufva‘::?u rll;‘xg x::::n‘npla n‘| ;: a;‘x d tm[ versities
MANUFACTURING.GOV MANUFACTURING TRENDS FORMANUFACTURERS

Also recommended in PCAST's advanced manufacturing report, the Advanced Manufacturing NFO is
charged with
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transfer in U.S. manufacturing industries and help companies overcome technical obstacles to scaling up
production of new technologies

WHO|S PART OF THE ADVANCED MANUFACTURING NPO?



Advanced Vifg Wiki for NNV
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AdvancedManufacturingNPO = T' Windows Internet Explorer

@@ - I..I_ htkps: /icollabor ate . nist. gow/amnpofbinview) AdvancedManuf acturinghPO AW ebHome

;I % + | XK IGoogIe yel

iy =] 4|

File Edit “iew Fawvorites Tools Help

¢ dhf gl webHome < AdvancedManufacturingNPO < Tiiki | |

o - El - f= - l-_:“'Page - Zf_‘-;'Tools -

Advanced Manufacturing Wiki Home

Welcome to the Advanced Manufacturing VWiki an open collaboration site for the entire stakeholder
community to work with thg Advanced Manufacturing Mational Program Office (AMNPO). Interested members
of the public who wish 1g ntribute content must be registered. See registration link below

Registration

In addition. the Advancd
working groups and com

ical documents written by
ees helping to develop the framework

We invite you to submit written comments and viewpoints in the following areas
« Technology Development
= Shared Facilities & Infrastructure
« Education & Workforce Development

= Public Policy

» |nstitute Structure and Governance

+ Strategies for Sustainable Institute Operations

In general. all responsive information submitted will be posted on the AMNPO WIKI without change. including
business or personal information provided. such as names. affiliations. The following information will not be
posted” addresses e-mail addresses or telephone numbers. All submissions received. including attachments
and other supporting materials, are part of the public record and subject to public disclosure. You should only
submit information that you wish to make publicly available. Comments to the AMNPO should be designed for
substantive commentary on the NPO's topics and not for marketing purposes

DO MNOT submit proprietary information

ADVANCED MANUFACTURING

Impeortant Advanced Manufacturing Links:

President's Council of Advisors on Science and Technology

Mational Science and Technology Council

Manufacturing

Advanced Manufacturing National Program

Advanced Manufacturing Partnership (AMP)
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Stay tuned: 2012 Pilot Manufacturing Institute on
Additive Manufacturing

BAA Industry
Day

Questions: NNMI2012@wpafb.af.mil
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Nanomanufacturing: many things to many
people...

» Make small features on large objects;

= Make nano sized objects;

» Make nanoscale objects to obtain special properties;
= generally the salient feature of nanotechnology

* Incorporate nanoscale objects in larger objects; or,

» Use nanotechnology to manufacture other things

NISI'@ Center for Nanoscale Science & Technology



Offering many benefits...

Novel properties, green, energy efficient

Catalysis — Lower temperature reactions and reduction of
byproducts

Coatings — Lower friction, superhydrophobic surfaces

Light-weighting — Reduced rotating, sliding, and conveying
weights

New Materials — Ultra-hard, wear resistant
Separations — Alternative to distillation or evaporation processes

Thermal Management — Better heat transfer fluids, thermal
barriers

Engineered Nanomaterials — Thermoelectrics, photovoltaics,
batteries

Source: Nanomanufacturing for Energy Efficiency,
DoE Workshop Report, 2007
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Need bridge between basic science and
manufacturing

Technology Platforms

Commercial
Science Base Infratechnologies Product Process Products

e Carbon-based . Biological detection =  Carbon nanotubes <+  Epitaxy . Hardened
nanomaterials & analysis tools . Dendrimers . Nanoimprint nanomaterials for

- Cellulosic * Insilicomodeling +  Hybrid lithography machining/drilling
nanomaterials & simulation tools nanoelectronic +  Nanoparticle *  Flame retardant

«  Magnetic « In-line devices manufacture nanocoatings
nanostructures measurement «  Self-powered «  Rapid curing »  Sporting goods

*  Molecular techniques to enable nanowire devices techniques «  Solar cells
nanoelectronic CIOS,{EdIIOOp Process . Nanoparticle +  Self-assembling & <+  Sunscreen/
materials contro fluorescent labels self-organizing cosmetics

*  Quantum dots *  Sub-nanometer for cell cultures and processes «  Targeted delivery of

«  Optical microscopy diagnostics «  Scalable deposition anticancer therapies
metamaterials *  High-resolution «  Metal nanoparticles processes for . Biodegradeable and

.  Solid-state hanoparticle & conductive polymer-fullerene lipid-based drug
quantum-effect detection polymers for photovoltaics delivery systems
nanostructures *  Thermally stable soldering/bonding .« Inkjet processes for . Self-repairing and

«  Eunctionalized hanocatlysts for «  Nanoparticle printable electronics long-life wood
fluorescent high-temperature Sensors - Purification of composites
nanocrystals reactions fluids with «  Anti-microbial

«  Quantum-confined nanomaterials coatings for medical
structures *  Roll-to-roll devices

processing

Public : Private
Technology Goods MIEEIERRe 0y Goods Technology Goods

NlSI'@ Center for Nanoscale Science & Technology _



Complexity drives manufacturing cost,

| iIncluding metrology
Complexity/

Functionaljty

Logic
Storage
Displays
Sensors

Lighting

Photovoltaics

Bulk CpatingsFIl
chemicals

$1/m? Cost/area $105/m?
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Measurements needed for basic processes
& production

Two classes of measurements:

 Detailed, extensive

— Develop understanding of basic processes

« E.g. In situ observations of carbon nanotube (CNT) growth for process
window optimization

* On-line, fast
— Enable process control during manufacture
« E.g. Real-time measurement of organic photovoltaic (OPV) coating process

« Develop core metrology competencies that can be leveraged across
a wide range of measurement problems.

— Pursue research into the development of new fabrication techniques in
order to gain insight into the coming generations of nanomanufacturing
methods and the measurements they will require. In some cases, novel
fabrication approaches can enable new measurements.
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NNI Focus on Nanomanufacturing:
Nanomanufacturing Signature Initiative*

Interagency plan to advance the state of nanomanufacturing

In strategic areas
« Key requirements: scalable, controllable, sustainable & safe
 Thrust 1. Design of scalable & sustainable nanomaterials,

components, devices & processes

— Formation of consortia: carbon-based nanomaterials (NIST),
metamaterials (NSF), cellulosic materials (Forestry Service)

— Demonstration of materials and processes
— Technology transfer
 Thrust 2: Nanomanufacturing measurement technologies
— Consortium on metrology for roll-to-roll
— Fast, robust process control measurement systems
— Technology benchmarking and transfer with industry

*NNI Signature Initiative: Sustainable Nanomanufacturing: Creating the Industries of the Future, July 2010
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Nanocomposites: A Growing Market

 Global composites industry $88B, U.S. share 36% (16%
structural materials market)?

— C-fiber 52.3M kg/yr (additional 18M kg/yr in China after 2010) McConnell, V. “The

Making of Carbon Fiber”, Composites World, 19 December 2008. & BMW Press
Release July 2010.

— Prepregs from RUSNANOQO's Project Company to be Used in Russian Aircraft
Construction — Nanowerk 17 August 2011

Wind Energy 5%  Consumer Goods 7%
\ ’
\ 7

Aeronautics 6%
\

AN | ,/
Marine 7% % \ 7 .- EGE1S%

Transportation 31%

; in compa 0 an Airbus 340 (photo courtesy A&R Rotec)

Figure 1: Size of the E 112 rotor blade rison t
http://www.jeccomposites.com/events/jec-show-americas-2012/jec-show-americas-2012/american-composites-market

NISI'@ Center for Nanoscale Science & Technology _




Why Are C-Nanostructures Important?

The sp? C-C bond

 Modulus:
— 1.01 TPa =~ 50 x Steel

Strength:
— 100 GPa =~ 100 x Steel

Thermal conductivity:
— 3000 Wm1K1~75xCu

Electrical conductivity:
— 30nQ m~Cu

Multifunctional

#Nuﬁonnl Ins#iiufe of Standards and 'I'ecl.'mology ¢ U.S. Department of Commerce
Id Center for Nanoscale Science & Technology




Understanding Needs by Listening to Industry

Workshop held at NIST February 28
— March 1, 2011 — part of Signature
Initiative on Nanomanufacturing

Over 60 attendees from industry,
academia, and government
Measurement Barriers

 Insufficient understanding of the Lockheed Martin Combines Nanocomposites in Airframe
relationship of morphology and Units, Azonano, 6/30/2011 )
individual nanotube properties to 7o ¢ Nanocomp QPONY
. . ECHNOLOGIES INC mmmﬂiﬁﬂfiﬂﬂﬂﬁ'
composite material performance

» Lack of low-cost, high-throughput =, LOCKHEED MARTI "'//f’/

measurements for manufacturing
@Eﬂflﬁﬁ
The New Steel?: Enabling the Carbon Nanomaterials ‘ ; C SW,GHNX
Revolution: Markets, Metrology, Safety, and Scale-up $u ckeye Composites

. A division of NanoTechlabs. Inc.
http://www.nist.gov/cnst/thenewsteel.cfm dhoisionof Naoeohlabs, e
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Workshop Identified Urgent Needs

* Methods for measuring CNT/matrix interface properties
» Descriptors for and characterization of CNT networks

* Novel, non-contact measurement methods that can report on composite
nanostructure

« Standardized accelerated ageing tests for lifetime assessment (properties and
release of nanomaterials as a function of time)

« Standards and specifications for test methods and measurement data for
composite properties

» Standardized methods for the complete characterization of individual
nanotube properties and their statistical distributions (diameter, length,
number of walls, chirality, presence/absence of end-caps, etc.)

« Standardized measurements of impurity content (species, quantity,
morphology)

NISI'@ Center for Nanoscale Science & Technology _




C-nanostructures
grown on glass
fiber (Applied
Nanostructured
Solutions)



Carbon Nanotube Network Morphology
Controls Properties

Constant volume fraction of CNT in polymer matrix
€ >

Nanostructured by design Typical — unconnected clusters Well-dispersed

Increasing CNT aggregation and network formation
<€

Decreasing CNT percolation threshold
<€

Increasing electrical, thermal properties

<€

Increasing CNT-matrix interphase volume

>
Increasing high temperature mechanical properties

ler@ Center for Nanoscale Science & Technology _



Production Metrology Must Be Fast,
Economical & Sensitive to the Nanoscale

Carbon nanotube (CNT)
nanocomposite pilot line
at Applied Nanostructured
Solutions — nanostructures
| generated on a meter wide
}) ’ web moving at
meters/minute

;:Q‘ - ‘

Metrology GOeSHIETE

Ed

CRADA in place to understand effect of growth conditions on
nanostructure morphology and on material performance

NILST & Center for Nanoscale Science & Technology _



Why In-Line Microwave Metrology?

Requirements: non-contact, fast, versatile

 Direct property measurement
— EM shielding effectiveness — reflection &transmission coefficients
— Lightning strike resistance — transient electrical conductance/impedance

 Indirect: relate microwave data to morphology, properties, without
detailed structural characterization

— Model critical electromagnetic properties using morphological information
from TEM, etc.,

— Add information from FRET/PALM: interphase, rheology, time-evolution
of interface (invisible morphologically)

— Derive properties such as mechanical integrity and heat transfer —
frequency-dependent electrical conductivity

« Microwave signals in reflection (radar) or transmission (new)

NILST &' Center for Nanoscale Science & Technology _




How Do We Get There?

Measurement
RF
Microwave

(MML)

Modeling
Morphology/
Properties

(EL/MML)

NILST & Center for Nanoscale Science & Technology



Revealing the Interphase by FOrster Resonance
Energy Transfer (FRET)

Nanofibrillated cellulose fibers in polyethylene
FRET imaging: reveals interface 7T

Note: Interfacial region
can dominate nanocomposite
properties with high particle
loadings and can evolve over
time and under light exposure
— Few non-invasive probes
— Information required for
modeling

Zammarano et al., ACS Nano, 2011, 5 pp 3391-3399

NIUST &' Center for Nanoscale Science & Technology _



Process Optimization for CNT Growth

Process optimized
here

TEM

« Optimization of CNT growth depends ona detalled understandlng of catalyst operatlon
* Measurements are needed at the atomic scale under real reaction conditions in real time

« Environmental transmission electron microscopy (ETEM) enables atomic-resolution
observation of catalytic processes such as carbon nanotube growth (above).
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Modeling

« Connect micro/nanostructure to properties and vice
versa to interpret RF/microwave response in terms of

structure
— Need to be faithful to imaging results (2D and 3D)

— Need to accurately compute 3-D properties of interest —
mainly microwave and AC electrical, to connect to QC/QA

=~ Model foam — accurately
~_ | computed elastic moduli and
~ | ac/dc electrical conductivity

- % | A.P. Roberts, E.J. Garboczi, Proc. Roy. Soc. Lond.
A 458, 1033-1054 (2002).
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External Partners

« Applied Nanostructured Solutions (Lockheed) — pilot line

access, prepreg supply, manufacturing input (CRADA in place
for CNT growth optimization)

« Nanocomp — pure CNT fiber production

« MIT — composites expertise, custom material fabrication,
mechanical testing, aerospace consortium

* NRO - end-user input, R&D & manufacturing
« NASA - CNT R&D expertise, end-user input

Roadmapping exercise underway as part of NSI

NILST &' Center for Nanoscale Science & Technology _




Outcomes

« Develop non-contact, high-throughput, in-line
metrology for carbon nanocomposite production

— Innovations
« Methods of quantifying complex network morphologies
* Models of composite material electrical response

« Single-molecule, chemically specific, nanoscale interface/phase
Imaging techniques

* In situ continuous electrical monitoring of composite material
health

NILST &' Center for Nanoscale Science & Technology



Impacts

* New, high-performance, lightweight materials for
aerospace, energy and transport

» Rapid deployment of advanced composites
« Lifetime monitoring of structures in service

 Science-based approach to composite design and
manufacture

NILST &' Center for Nanoscale Science & Technology



Thank you!

Questions?

NILST & Center for Nanoscale Science & Technology






CNST: A user facility with a unique design — a
resource for nanomanufacturing

The CNST User Facility: A Nanocenter having a
unique, hybrid design:

 The NanoFab — Provides convenient, shared accessto ...
commercial state-of-the-art nanoscale measurement and % = |
fabrication tools — similar in operation to the National "N
Nanofabrication Infrastructure Network (NNIN)

* Measurement and Instrumentation Research — Develops
cutting edge measurement and fabrication methods that
lie beyond the commercial state-of-the-art and are
accessible through collaboration — similar in operation to
the DoE Nanocenters

 Use the NanoFab

Collaborate with the Measurement and
Instrument Researchers!
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