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Motivation

The Future Brought to You by ¥

America is beginning an exciting new chapter in Thoy | Launch Propulsion Thoz |In-Space Propulsion TAos Robotics, Tele-Robotics o Communication
space exploration. To enable the future, NASA has Systems Technologies & Autonomous Systems & Navigation

developed a set of roadmaps to define the key new Space Power & Human Health,
technologies required for our human and robotic TAO3 Energy Storage TA06 Life Support
explorers to safely venture into deep space, to _ &Habitation Systems
better understand how our own solar system

evolved, and to unravel the mysteries of our JACT
universe.

Human Exploration
Destination Systems

Science Instruments,
TAO8 Observatories

The map you see here is a graphical & Sensor Systems

representation of the NASA Space Technology
Roadmaps, serving as a portal to the various v TA0S
technologies that NASA is developing. Let (1

this technology portal serve as a starting L. “ TA10 Nanotechnology
point for your adventures beyond the é ® L
bounds of Earth...

Entry, Descent &
Landing Systems

Modeling, Simulation,
TA11 Information Technology

& Processing
Yo learn more visit _ Materials, Structures,
TA12 Mechanical Systems

& Manufacturing

TA13 Ground & Launch

Systems Processing
TA14 Thermal Management
Systems



http://www.nasa.gov/externalflash/OCT_Interactive_Roadmaps/OCT_Interactive_Roadmaps.html
http://www.nasa.gov/externalflash/OCT_Interactive_Roadmaps/OCT_Interactive_Roadmaps.html
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Motivation

e Since NASA involved experts to
develop those roadmaps, we can
say the roadmapping process
seems to be highly based on
experts’ opinion.

* Qualitative Technology
Roadmapping Process

* Experts’ opinion
e Subjective elements

* Limited cognitive horizons _

e Also, NASA plans on updating
these technology roadmaps on a
regular basis.

This poses a question:
Are all those predictions
as presented in the
roadmaps
accurate/nearly
accurate?

This poses another
guestion: Can there be
a way to update these
roadmaps with
minimal dependence
on experts? 5



Objective

* 14 Technology Areas!
* 64 sub-roadmaps!!

 We try to answer those questions for a very special
case:
* Technology Area 10: Nanotechnology
* Engineered Materials and Structures
* Nanocomposite Coatings




Objective

Nanotechnology

Lead: Mia Siochi Leads: Brad Files, Leads: Mike Meador, Leads: Jing Li,
Dan Powell Harish Manohara Harish Manohara
Engineered Energy Propulsion Sensors,
Materials & Generation Electronics,
Structures and Storag and Devices
» Lightweight Structures * Energy Storage * Propellants *Sensors and Actuators
- Fibers/Textiles - Batteries - Monopropellants — Chemical
- Membranes/Gossamer - Ultracapacitors - Nanogelled — Biological
- Adaptive - Flywheels propellants — State
- Multifunctional - Hydrogen storage — Hydrogen storage — Astronaut Health
+ Damage Tolerant * Energy Generation * Propulsion Components Management
Systems - Fuel Cells * In-Space » Nanoelectronics
- Self-repairing materials - Photovoltaics — Electric — Graphene
- Self-diagnosing - Thermophotovoltaics — Solar Sails — Interconnects
materials - Thermoelectrics — Tethers — Radiation Hardening
- Radiation Protection - Piezoelectrics » Miniature Instruments
- EMI Protection - Energy Harvesting — Emission Sources
- Antimicrobial — Detectors
*|Coatings — Spectrometers
+ Adhesives
* Thermal Protection and
Control
- TPS
- Cryoinsulation

http://www.nasa.gov/pdf/501325main_TA10-1D_rev8_NRC-wTASR.pdf 7
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Objective

2010 2015 2020 2025 2030
Engineered Materials and Structures Roadmap (excerpted from NASA Nanotechnology Roadmap,
April 2012)

8
http://www.nasa.gov/pdf/501325main_TA10-ID_rev8 NRC-wTASR.pdf
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Objective

e Capabilities of Nanocomposite Coatings
* extreme environment operations
» efficient extravehicular activity (EVA)
operations
e thermal control/protection
* smart airframe and propulsion

* Two predictions:
| oo v || !
I e e it g b ol e Sl D R

2010 2015 2020 2025 2030

Coatings

]
* Objective of this study: Validate and refine this
technology roadmap section




Approach

Tech Mining: ‘Tech mining’ is the process of
deriving technology intelligence from science,

technology and innovation (ST&I) information

record sets through text mining (Porter 2005)

It helps in answering questions such as
* Who

° Nere

hat/Which
hen '

===

10
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Results

Step O Search Strategy

Keywords obtained - From Text (Roadmap Document)
from text of roadmap nanocomposite coatings, barrier to oxidation, wear resistance of materials,
document and figure nanotexturing of surfaces, super-hydrophobic, reduce drag, minimize accretion
representing the of ice, dust, and insect contamination, large scale texturing, evaluation of long-
roadmap term durability of nanoscale features
- From Figure (Roadmap)
nanostructured coatings (high temperature), durable, tailored nanoengineered
surfaces (reduced drag, icephobics, adhesion/abhesion, friction and wear)

Keywords to be used nanocomposite coating, nanostructured coating, nanotextured coating,

for downloading nanostructured surface + coating, nanotextured surface + coating,

publication records nanoengineered surface + coating

((TS=("nanocomposit* coatin*" OR "nanostructur* coatin*" OR "nanotextur*
coating*" OR "nano composit* coatin*" OR "nano structur* coatin*" OR "nano
textur* coatin*") OR TS=("nanotextur* surfac*" AND coatin*) OR
TS=("nanostructur* surfac*" AND coatin*) OR TS=("nanoenginee* surfac*"
AND coatin*) OR TS=("nano textur* surfac*" AND coatin*) OR TS=("nano
structur* surfac*" AND coatin*) OR TS=("nano enginee* surfac*" AND
coatin*)) NOT TS=(bio* OR medic*))

12



Results

Step 1.1 Identification Phase: Publications Analysis

1) Consider a time range: 1995 to
2014

2) Search for nanocomposite
coatings related research papers
in Web of Science

3) 2465 publications!

4) Download detailed records
(Title, Abstract, Class Codes etc.)

VantagePoint
(Text Mining
Tool; NLP)

1) Title and its phrases

2) Keywords (Plus, Author’s)
3) WoS Categories

4) Publication Year

5) Phrases from Abstract

6) Author, Affiliation, Journal etc.

!

1) Perform clustering to get
topical content

2) Study the development trend
for each topic

—

1) Consider a combination of
fields: Keywords (Plus) +
Keywords (Author’s) + Title
Phrases

2) Clean this list using
ClusterSuite in Vantage Point




Heat transfer enhancement

M a p ! Nanostructured multi-element Nitride coatings

\ Superhard NCs
/ Multi-element Nitride coatings

~ | Cathodic arc deposition

Boron Nitride coatings

'l Montmorillonite

Polyaniline
Magnesium Alloy |

Electroless coatings |

Corrosion protec

1
Impedance Spectroscopy

Electrodeposition

/1 Sol-gel coatings
. \ / k
‘ ) / MMC coatings
-/ Electron microscopy /
! / Solid-phase microextraction

37 Clusters covering
86% of the records

Sol-gel process

S - _ - - Brownian dynamics simulation
’ ) Disulphide coatings | 7 \

Diamond-like carbon coatings | \
/ Attrition treatment |

/
’ Nuclear magnetic resonance spectroscopy |
U

v\ V curable coatings
Surface adaptation | - Glass fibers

h \ S | Carbon nanotubes |
Titanium dioxide-based coatings |
Yitria-stabilized Zirconia NCs | P Structural and mechanical properties |

e - Superhydrophobic Surfaces |
High-velocity oxyfuel technique | CFUBMS

Tribometry )

14

MOSI2-based NCs |
Self-assembled monolayers |




Topical Content (Publications)

e We classify Clusters in four categories: Nanocomposite Coating type, fabrication
method, characterization technique, property

* This gives us a clear picture about the focus areas of theoretical/applied
research during 1995-2014

Coating Related Clusters

Superhard Nanocomposite Coatings, Sol-gel Coatings, Electroless Coatings,
Diamond-like Carbon Coatings, Yttria-stabilized Zirconia Nanocomposite Coatings,
Titanium Dioxide-based Coatings, Multi-element Nitride Coatings, CNT-based
Coatings, Montmorillonite-based Coatings, Boron Nitride Coatings, Nanostructured
Multi-element Nitride Coatings, Polyaniline-based Coatings, Self-assembled
Monolayer, Magnesium Alloy, MMC Coatings, UV Curable Coatings, Disulphide
Coatings, MoSi,-based Nanocomposite Coatings, Solid-phase Microextraction
Coatings

Electrodeposition, Sol-gel Process, High Velocity Oxy Fuel Technique, Cathodic Arc
Deposition, Attrition Treatment, Magnetron Sputtering

Electrochemical Impedance Spectroscopy, Electron Microscopy, Tribometry,
Brownian Dynamics Simulation, Nuclear Magnetic Resonance Spectroscopy

Lubrication, Corrosion Protection, Superhydrophobic Surfaces, Surface Adaptation,
Structural & Mechanical Properties, Heat Transfer Enhancement, Glass Fibres, Hot
Corrosion




Topical Content (Publications)

Developmental Trend Analysis

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Boron Nitride coatings q 0 0 0 0O 0 06 0 0 0 0 0 @ o 0

Carbon nanotubes 0 0

Diamond-like carbon coatings @ o 9 e 0 Q 0 @ @

Disulphide coatings Q 0 0 0
Electroless coatings 1 6 0

Magnesium alloy §

Coating MMC coatings 1

0

0

0

0

L5 10 R0}
0

0
Type e ? ?

MOSi2-based NCs

Multi-element Nitride coatings o e
Polyaniline q 9

Self-assembled monolayers 1 0 0

Sol-gel coatings (1) o 0 0 o

Solid-phase microextraction

Superhard NCs 0 0 0 @
Titanium dioxide-based coatings 4 O 0 O
UV curable coatings 0 9 0 0 6 6

‘Yttria-stabilized Zirconia NCs O O

0 6@@@@@6@




Topical Content (Publications)

Developmental Trend Analysis

Coating

Fabrication

No. of Publication Records
w
o

Fabrication Method

Publication Year

Coating
Property

# of Publication Records

m 1995
m 1997
m 1999
w2000
= 2001

2002
2003
m 2004
m 2005
w2006
= 2007
m 2008
= 2009
m 2010

2011
m2012

2013

Coating

Characterization

Property/Application
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Characterization Technigue

Publication Year

w1997
w1999
2000
§2001
@2002
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2004
2005
w2006
w2007
w2008
w2009
2010
w2011
2012
@2013
2014

Publication Year 123
=]
I~
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W 2000
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Results

Step 1.2 Identification Phase: Patents Analysis

1) Consider a time range: 1995 to
2014

2) Search for nanocomposite
coatings patents in Derwent
Innovations Index

3) 289 Records!

4) Download detailed records
(Title, Abstract, Inventors etc.)

VantagePoint
(Text Mining
Tool; NLP)

1) Title and its phrases

2) Abstract and its phrases
3) Publication Year

4) Inventor Details

5) Patent Assignees etc.

1) Perform clustering to get
topical content

2) Study the development trend
for each topic

¥

—

1) Consider a combination of
fields: Title Phrases + Abstract
Phrases

2) Clean this list using
ClusterSuite in Vantage Point




Optical detector

Anti-fingerprint film |
M NN Shape memory effect
] Superhydrophobic coating |
- Superomniphobic surface
Surface features

) Cell phone

Trapped liquid

Nanostructured surface

Oleophilic surface

Wavelength range

"|_Titaniumoxide | Hair coating |

Polymer coating

Coating Fabrication
/ \

Metal ceramics

36 Clusters covering
95% of the records

Chromium coating
Polyolefin

Nanocomposite coating
e AN b Ceramic material

AN N / Aqueous hanocomposite |

N

Hard alloy Light- emitting diode /

Silicon carbonitn®

Diamond coating ) \

Ammonium persulfg

Isocyanate

Coated particulate electrode materj |

Anticomrosion coating

’ Fuser member
Exterior chemicals | Carbon nanotube composite

19




Topical Content (Patents)

* Here, we could classify cluster in only three categories: Nanocomposite Coating
type, fabrication, property

* We can clearly see the innovation areas wherein Nanocomposite Coatings have
been finding their tremendous application during 1995-2014

Related Clusters

Type Nanocomposite coating, Polyolefin, Hard alloy, Aqueous nanocomposite,
Diamond coating, Polymer coating, Carbon nanotube composite, Ceramic
material, Silicon carbide, Titanium oxide, Chromium coating, Silicon
carbonitride, Isocyanate, Metal ceramics, Ammonium persulfate

Fabrication Coating fabrication, Coating method, Evaporation
Method

Application Wavelength range, Temperature Resistance, Light- emitting diode, Optical
detector, Oleophilic surface, Trapped liquid, Exterior chemicals,
Nanostructured surface, Shape memory effect, Superomniphobic surface,
Coated particulate electrode material, Superhydrophobic coating, Anti-
fingerprint film, Fuser member, Surface features, Hair coating,
Anticorrosion coating, Cell phone

20



Topical Content (Patents)

Developmental Trend Analysis Coating
Coating Fabrication

Type

Year

No. of patent records

Number of patent records

Year
A
%
%
.
%

Coating fabrication

H1955 W2000 W2001 m2002 m2006 W2007 W2008 ®W2005 w2010 m2011 ®2012 W2013 m2014

Coating type

W1997 W2000 W2001 W2003 W2004 W2005 W2006 M2007 W2008 W2009 W2010 W2011 W2012 W2013 M2014

s —I
£
=1
g 1’ -I -I 2014
g s e 2011
. = 2008 =
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Results

Step 2 & 3 Validation and Refinement

« Two components in the “coatings” section
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* Now to check for these predictions, we use a set of keywords -- friction, wear,
adhesion, ice, thermal stability, temperature, and oxidation, and search for these
keywords in our topical content and analyze their trend.

« Also, we consider some other keywords such as corrosion, water, hydrophobic,

hydrophilic, and self-cleaning because information related to these will be
helpful for refining the roadmap.
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Results

Step 2 & 3 Validation and Refinement

Publication Activity

Patenting Activity

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Adhesion

Corrosion

Friction | Q

Hydrophilic |

Hydrophobic

Oxidation

Self-cleaning

Temperature

Thermal stability | Qo

Water+

Wear o 0

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Adhesion] @ Q (1]
Corrosion 4 Q o O 6 Qo O 0 e 2
Friction ] o
Hydrophilic 1 Q
Hydrophobic 1 Q
Ice
Oxidation
Self-cleaning | (1]
— -
Temperature Q0 0 0 0 960 6 1 5
Thermal stability {—— @ o (1)
Waterq 0 o
Wear- 0 0 0

23




Results

Step 2 & 3 Validation and Refinement

Coatings

Two components in the “coatings” section
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Substantially increasing publication activity in the area of nanocomposite
coatings with high temperature applications, but a minimal amount of patenting
activity, it is expected that it would take 10-12 years from 2015 for the
maturation of these coatings.

These coatings would be more thermally stable, resistant to oxidation, and have
high-temperature tribological applications.

Hence, the prediction as made in the roadmap seems likely to prove right.

Also, the generated topical intelligence suggests that yttria-stabilized zirconia,
silicon carbide, and ceramic based, and diamond-like nanocomposite coatings,

and high-velocity oxyfuel coating fabrication technique will be of interest. »
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Step 2 & 3 Validation and Refinement

« Two components in the “coatings” section
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« Growing research interest in the area of nanocomposite coatings with reduced
drag/friction and increased wear resistance, but not enough patents

 Insignificant publication and patenting activity in the area of nanocomposite
coatings having good adhesion property and ice-phobicity

 Ice-phobic nature of the NCCs still needs attention of researchers

» Disagree with the prediction shown in the roadmap section. The maturation of
these coatings should start from 2020 approximately.

« Topical intelligence points towards electroless, diamond-like carbon, multi-
element nitride and yttria-stabilized zirconia nanocomposite coatings, and high-_
velocity oxyfuel coating fabrication technique.
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Step 2 & 3 Validation and Refinement

« Two components in the “coatings” section
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« Corrosion protection behavior of nanocomposite coatings is being researched
but doesn’t show a significant patenting activity. It is expected that it would take
10-12 years from 2015 for their maturation.

« Nanocomposite coatings showing hydrophobic nature have been of interest to
the researchers but haven’t gained a momentum. Also, there are only a few
patents for this category. According to experts, it will take at least 15 years from
2015 for the maturation of this technology.
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Summary

* Tech Mining = Topical + Keyword Intelligence -
Trend Analysis = Validation and Refinement of a
Technology Roadmap Section

’

 Amalgamation of patents, publications and experts
opinion — (Quantitative + Qualitative)

* Helping hand for policy makers, strategists,
technologists
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Thank You!

Questions??
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Nanocomposite Coatings
Publications vs. Patents

Distribution of records over time
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