N/ RDECOM

U.S. Army Research, Development and Engineering Command

Malcolm Baldrige

Nat

2007 Award
Recipient

{VEN. WARFIGHTER FOCUSED.
Nanotechnology Capabilities at Picatinny

Arsenal Contributing Team Members:

Deepak Kapoor — Sr. Materials Eng. — Nanomaterials Group Leader

Presented by:

Chris Haines — Sr. Materials Engineer

Ryan Carpenter Darold Martin — Materials Engineer

Materials Engineer Paul Redner — Chemical Engineer

Joseph Paras — Materials Enqgineer



Report Documentation Page

Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,

including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it

does not display acurrently valid OMB control number.

1. REPORT DATE

FEB 2009 2. REPORT TYPE

3. DATES COVERED
00-00-2009 to 00-00-2009

4. TITLE AND SUBTITLE
Nanotechnology Capabilities at Picatinny Arsenal

5a. CONTRACT NUMBER

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S)

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
U.S. Army Resear ch, Development and Engineering
Command,AM SRD-AAR-MEE-M ,Picatinny Arsenal,NJ,07806-5000

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

10. SPONSOR/MONITOR'S
ACRONYM(S)

11. SPONSOR/MONITOR’S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES
2009 U.S. Army Corrosion Summit, 3-5 Feb, Clearwater Beach, FL

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION
OF ABSTRACT
a REPORT b. ABSTRACT c. THISPAGE Same as
unclassified unclassified unclassified Report
(SAR)

18. NUMBER | 19a. NAME OF
OF PAGES RESPONSIBLE
35 PERSON

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18




N ﬁﬁi—'ﬂ@

e Background Information

 Nanomaterials

* Picatinny’s Production Capabilities
—Bottom Up
—Top Down

* Picatinny’s Characterization Capabillities

Powder technologies are an integral part of Picatinny’s
Mission
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Picatinny Arsenal

e “Home of American
Firepower”

Baldrige Award Winner
Improving legacy items
Developing new items
Prototyping capability
Fill technology gaps
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¥ moecom}) About Picatinny

ENGINEERING

VICTORY
®) () @ ArDEC

Weapon Systems &
Technology Directorate,

Watervliet Arsenal, NY \.

U.S. Army ARDEC,
Picatinny, NJ

Systems Engineering Directorate,
Rock Island, IL

/

Munitions Systems & Technology /.

Directorate, Aberdeen, MD

Fuze & Precision Armaments
Technology Directorate,
Ale ' Adelphi, MD
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Y moecom) Nanomaterials

 Nanophase Materials « Nanostructured Materials
— Materials having nanoscale primary — Materials which are not necessarily
particle size nanoscale but possess features which

are on the nanoscale.

EHT = 16,00 kV Signal A = BSD Date :27 Oct 2008
WD= 8mm Mag= 3492 KX Reference Mag = Polaroid 545
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Y moecom})) Perspective

 Nanomaterial — a material having at least one dimension in
the 1-100nm range

e Thickness of paper = 100,000nm
* Thickness of a human hair = 50,000nm

 Comparing a nanometer to a meter is like comparing a
soccer ball to the earth

e There are 25,400,000 nanometers in 1 inch
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v moecom) Novel Materials

« What happens on the nano scale

— Tunable properties S > Particle morphology

— Higher strength
— Reduced Weight

— Increased reactivity m—() - |ncreased surface area

— Increased durability
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v ii‘ﬁi—'minh) Anti-Corrosion

Applications

Take conventional anti-corrosion techniques and scale down to the nano
level

e Multi functionality as well as improved functionality

Traditional properties may no longer apply between bulk and nanoscale
— Materials become transparent

— Materials become pyrophoric

Surface modifications, protection, and functional coatings utilize powders
and particulate technology
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¥ Aoecom) Nano & Coatings

Wear
Improvements

Erosion
Resistance

Self Cleaning Anti-Corrosion CErraEEr
Applications Sensors

Nanocomposites Thermal
Barriers

Self Healing
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Y RBEB@ Nano i-clays Corrosion

Indicator

Results after accelerated corrosion testing
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N kﬁEcaM Nanomaterials Synthesis

Technology

. Bottom Up Approach « TOp Down IApproaCh

Using thermal plasma technology to synthesize nanomaterials is at the
heart of our prototyping facility.

Ristiomal
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- Inductively Coupled
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Plasma

* Induction Plasma is a versatile and high rate technology to
synthesize nano scale powders
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Y moecom}) Reactor Layout

i
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Y moecom}) Plasma Theory

Powder+Carrier gas
. Reactant

Ultrafine nanometric
powder

Quench
gas
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Induction Coil

Cooling
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Y RDECOM

Capabilities &
Accomplishments

« Two Plasma Reactors
— One unit for metals only
— One unit for ceramics and non oxides
— Production rate: up to 1kg/hr

e« Some nanoscale powder examples
— Aluminum
— Tungsten
— Cerium Oxide
— Boron Carbide
— lron
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Y moecom) Nano Aluminum

100 nrm* EHT = 15.00 KW Signal & = InLens Date 18 Jul 2008
| W= 3mm Mag= 4033 K X Feference Mag = Palaraid 545
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¥ aoecom) Nano lron

EHT = 15.00 kv Signal A = InLens Date B Nov 2007
Wh= 4 mm Photo Mo. =5 Time 1504205
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¥ aoecom) Nano Tungsten

EHT = 15.00 kv Signal A = InLens Date :26 Mar 2008
WD= 3mm Mag = 98.61 KX Reference Mag = Polaroid 545
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¥ RDECOM Nano Boron Carbide

Mano B4C

X 150,000 2.00kVw 3EI
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¥ aoecom ) Mechanical Alloying

* High energy milling is a top down approach to fabricate nanostructured
metals, alloys, ceramics, cermets, and reactive materials.
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Y moecom}) Capabilities

 Inert atmosphere for reactive materials
e Semi-continuous prototyping capability
o EXxperimental batch capability
e Tailor made compositions
e Three total units

— Two (2) one liter machines

— One (1) 8 liter machine

 Able to impart nano sized grains into micron sized
powders

Avvard
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¥ ﬁ%‘:@ Nanostructured
Aluminum Flakes

EHT = 15.00 kv Signal A = InLens Date :12 Dec 2008
WD= 2mm Mag= 7.36 KX Reference Mag = Polaroid 545
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¥ moecom ) Nanostructured Alloys (&)

EHT = 15.00 kV Signal A =BSD Date :9 Oct 2008
WD= 6mm Mag= 9.74 KX Reference Mag = Polaroid 545
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¥ ApoECOM ) Using Plasma for Coatings

* Coatings can be
applied via liquid or
vapor deposition

 VPSD (Vacuum
Plasma Spray
Deposition)

e Can be used to net
shape bulk products
or apply coating
layers
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T —— Characterization

Facilities

e Current equipment:
— Field Emission Scanning Electron Microscope
— X-ray Fluorescence
— X-ray Diffractometer

— Small angle X-ray scattering & Ultra small angle X-ray
scattering

— Thermal analysis equipment

Avvard
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¥ RDECOM Materials Properties of Interest

« Particle size and distribution
e Composition
 Morphology

o Surface Area

 Thermal Properties

« Passivation layer thickness
* Crystallite size

e licati
* Phase identification

* Picatinny’s facilities allow for rapid characterization of
materials as soon as they are made.

I&'
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Y RDECOM

Field Emission Scanning
Electron Microscope

o Zeiss Gemini Ultra Variable Pressure FE-SEM with EDX
— Capable of low voltage
— VP mode
— STEM attachment
— 1nm resolution @ 20kV
— 12-1000000x magnification
— High efficiency in-lens
— Secondary and Backscatter
— Used to determine:
« Particle size
 Distribution
* Morphology
e Passivation layer
o Composition
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Y moecom)) X-Ray Fluorescence

 Rigaku ZSX
Primus Il X-ray
Fluorescence

— Capable of
holding up to 64
samples

— Quantitative
analysis results

— Composition
determination

— Solid, liquid, or
powder samples

l
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Y moecom)) X-Ray Diffractometer

XRD Unit

* Rigaku Ultima XRD
— Determines phase and crystallite size USAXS
— Bulk sample holder
— Hot stage
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Y moecom}) SAXS & USAXS

e Combining Small Angle and Ultra-small Angle X-ray
Scattering allows simultaneously characterizing
- Primary, secondary particle size & particle morphology
- User friendly software developed
- Total length scale, 1 nm — 2 um
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Y aoecom}) Thermal Analysis

 Netzsch STA 449 C Jupiter — QMS 403 Aeolos Integrated
TG-DSC / Mass Spec

— Thermal properties
« Oxidation
* Exotherms
« Endotherms
* Melting Point
* Moisture content
* Organics content
— Aging characteristics
— Passivation layer thickness

ooy
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¥ &becom)) Other Equipment

e Nano ink printer

* Low voltage electron
microscope

e Optical Microscopes
e Polishing and grinding units
o Spray dryer
e BET
— Surface area
* Glow Discharge
— Composition
Oxygen analyzer
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@ BBEGQ Summary

« Powder Production Capability

— Able to produce nanostructured materials with enhanced properties using
high energy milling.

— Able to produce almost any nano scale powder at a rate up to 1kg/hr for
potential applications involving anti-corrosion technologies.

 Materials Characterization Capability
— Collaboration also available for corrosion mechanism identification

— Able to obtain vast amounts of information about bulk materials or
nanomaterials in a short time.
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THANK YOU

Y RDECOM

Contact information

Ryan Carpenter
AMSRD-AAR-MEE-M
U.S. Army ARDEC

Picatinny Arsenal, NJ
ryan.carpenter4@us.army.mil
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