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• 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 

• Subjective elements 
• Limited cognitive horizons 

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

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

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



• 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 
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• Capabilities of Nanocomposite Coatings  
• extreme environment operations 
• efficient extravehicular activity (EVA) 

operations 
• thermal control/protection  
• smart airframe and propulsion 

• Two predictions: 
 
 
 

• Objective of this study: Validate and refine this 
technology roadmap section 

Objective 
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• 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 
• Where 
• What/Which 
• When 

 
 

Approach 
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Patents  

Patents Database 
 

Obtain patent records 
between 1995 and 2014 

 
Obtain topical intelligence 

Engineering literature  

Publications Database 
 

Download publication records 
between 1995 and 2014 

 
Obtain topical intelligence 

Tech Mining: Identification of topical 
content using patents and 

engineering literature 

IDENTIFICATION 

Obtain additional information from 
topical content for roadmap 

refinement 

REFINEMENT 

Analysis 

Analyze the topical content 
obtained from publications 

and patents 
 

Look for the desired 
technologies 

Obtain quantitative information (to 
be used as evidence) to validate the 

predictions 

VALIDATION 

Experts’ Opinion 

Involve experts and get their 
opinion on the topical 

intelligence 

Approach 
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Experts’ Opinion 

Involve experts and get their 
opinion on the maturity of 

technologies 



Results 

Step 0 Search Strategy 

VantagePoint 
(Text Mining 

Tool; NLP) 
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Topic Coating 

Keywords obtained 

from text of roadmap 

document and figure 

representing the 

roadmap 

- From Text (Roadmap Document) 

nanocomposite coatings, barrier to oxidation, wear resistance of materials, 

nanotexturing of surfaces, super-hydrophobic, reduce drag, minimize accretion 

of ice, dust, and insect contamination, large scale texturing, evaluation of long-

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 

for downloading 

publication records 

nanocomposite coating, nanostructured coating, nanotextured coating, 

nanostructured surface + coating, nanotextured surface + coating, 

nanoengineered surface + coating 

Search query for 

obtaining publication 

and patent records 

((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*))  



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  13 



Factor 
Map 
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Surface adaptationSurface adaptation

LubricationLubrication

UV curable coatingsUV curable coatings

Corrosion protectionCorrosion protection

Magnesium AlloyMagnesium Alloy

Hot corrosionHot corrosion

Boron Nitride coatingsBoron Nitride coatings

High-velocity oxyfuel techniqueHigh-velocity oxyfuel technique

Cathodic arc depositionCathodic arc deposition

Titanium dioxide-based coatingsTitanium dioxide-based coatings

CFUBMSCFUBMS

Nanostructured multi-element Nitride coatingsNanostructured multi-element Nitride coatings

Multi-element Nitride coatingsMulti-element Nitride coatings

Heat transfer enhancementHeat transfer enhancement

Nuclear magnetic resonance spectroscopyNuclear magnetic resonance spectroscopy

Disulphide coatingsDisulphide coatings

PolyanilinePolyaniline

Self-assembled monolayersSelf-assembled monolayers

Glass fibersGlass fibers

MMC coatingsMMC coatings

Impedance SpectroscopyImpedance Spectroscopy

MOSI2-based NCsMOSI2-based NCs

Diamond-like carbon coatingsDiamond-like carbon coatings

Structural and mechanical propertiesStructural and mechanical properties

Electron microscopyElectron microscopy

Sol-gel coatingsSol-gel coatings

TribometryTribometry

Solid-phase microextractionSolid-phase microextraction

Carbon nanotubesCarbon nanotubes

Electroless coatingsElectroless coatings

Brownian dynamics simulationBrownian dynamics simulation

Sol-gel processSol-gel process

Yttria-stabilized Zirconia NCsYttria-stabilized Zirconia NCs

Attrition treatmentAttrition treatment

MontmorilloniteMontmorillonite

ElectrodepositionElectrodeposition

Superhydrophobic SurfacesSuperhydrophobic Surfaces

Superhard NCsSuperhard NCs

37 Clusters covering 
86% of the records 



Topical Content (Publications)  
• 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  
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Coating Related Clusters 

Type 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, MoSi2-based Nanocomposite Coatings, Solid-phase Microextraction 

Coatings 

Fabrication 

Method 

Electrodeposition, Sol-gel Process, High Velocity Oxy Fuel Technique, Cathodic Arc 

Deposition, Attrition Treatment, Magnetron Sputtering 

Characterization 

Technique 

Electrochemical Impedance Spectroscopy, Electron Microscopy, Tribometry, 

Brownian Dynamics Simulation, Nuclear Magnetic Resonance Spectroscopy 

Property Lubrication, Corrosion Protection, Superhydrophobic Surfaces, Surface Adaptation, 

Structural & Mechanical Properties, Heat Transfer Enhancement, Glass Fibres, Hot 

Corrosion 



Topical Content (Publications)  
Developmental Trend Analysis 
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Coating 
Type 



Developmental Trend Analysis 
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Coating 
Fabrication 

Coating 
Characterization 

Coating 
Property 

Topical Content (Publications)  



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  18 
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Factor 
Map 

Ammonium persulfateAmmonium persulfate

EvaporationEvaporation

Silicon carbonitrideSilicon carbonitride

Surface featuresSurface features

Coated particulate electrode materialCoated particulate electrode material

Metal ceramicsMetal ceramics

Coating FabricationCoating Fabrication

Nanostructured surfaceNanostructured surface

Anticorrosion coatingAnticorrosion coating

Coating methodCoating method

Polymer coatingPolymer coating

Exterior chemicalsExterior chemicals

Light- emitting diodeLight- emitting diodeHard alloyHard alloy

Ceramic materialCeramic material

Trapped liquidTrapped liquid

Anti-fingerprint filmAnti-fingerprint film

Carbon nanotube compositeCarbon nanotube composite

Superhydrophobic coatingSuperhydrophobic coating

Titanium oxideTitanium oxide

Superomniphobic surfaceSuperomniphobic surface

Nanocomposite coatingNanocomposite coating

Wavelength rangeWavelength range

Aqueous nanocompositeAqueous nanocomposite

Oleophilic surfaceOleophilic surface

Diamond coatingDiamond coating

IsocyanateIsocyanate

Shape memory effectShape memory effect

Hair coatingHair coating

Fuser memberFuser member

Chromium coatingChromium coating

PolyolefinPolyolefin

Optical detectorOptical detector

Temperature ResistanceTemperature Resistance

Silicon carbideSilicon carbide

Cell phoneCell phone

36 Clusters covering 
95% of the records 



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 
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Coating 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 

Method 

Coating fabrication, Coating method, Evaporation 

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 



Topical Content (Patents)  
Developmental Trend Analysis 
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Coating 
Application 

Coating 
Type 

Coating 
Fabrication 



Step 2 & 3 Validation and Refinement 
• Two components in the “coatings” section 

 

 

 

 
• 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. 

 

Results 
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Step 2 & 3 Validation and Refinement 

Publication Activity             Patenting Activity 

Results 
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Step 2 & 3 Validation and Refinement 
• Two components in the “coatings” section 

 

 

 

 
• 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.  

Results 
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Step 2 & 3 Validation and Refinement 
• Two components in the “coatings” section 

 

 

 

 
• 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. 

Results 
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Step 2 & 3 Validation and Refinement 
• Two components in the “coatings” section 

 

 

 

 

• 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. 

 

 

 
 

Results 
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• 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 

 

Summary 
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Thank You! 
 
Questions?? 

28 



Nanocomposite Coatings  
Publications vs. Patents  

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  29 
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