Partners in Environmental Technology Tuesday (Group 1) Posters

TUESDAY (GROUP 1) POSTERS

This year, more than 400 posters are on display in the Exhibit Hall, Group 1 on Tuesday and
Group 2 on Wednesday. These posters, many representing current and recently completed
SERDP and ESTCP projects, highlight research within the SERDP and ESTCP focus areas
(Environmental Restoration, Munitions Management, Sustainable Infrastructure, and Weapons
Systems and Platforms). To help attendees find their areas of interest, posters are grouped to
keep similar technologies together. In addition to the SERDP and ESTCP Partners in
Environmental Technology exhibit booth, there are other exhibitors at this event with booths
representing funding and partnering opportunities or information resources.

While many SERDP and ESTCP projects are showcased in the Exhibit Hall, more information
about past and present SERDP and ESTCP research projects is available by visiting our web
sites (www.serdp.org and www.estcp.org). In addition, both sites enable you to access the
SERDP/ESTCP Online Library (http://docs.serdp-estcp.org) where you can search for technical
reports using criteria such as focus area, sub-focus, contaminant, or other specific environmental
concerns.

You are encouraged to tour the posters and exhibit booths during the hours noted below when
presenters will be available for discussion.

Tuesday Exhibit Hall Hours

7:30 am. — 8:45 a.m.
12:30 p.m. — 1:45 p.m.
3:10 p.m. — 3:35 p.m.
5:00 p.m. — 6:30 p.m.

PRESENTER
POSTER TITLE POSTER | PAGE
ORGANIZATION
Weapons Systems and Platforms (WP)

B WP: Heavy Metal Elimination )
Mike Audino Chromium Replacement and Erosion Mitigation 71 Bl
Benet Labs Technology for Medium Caliber Gun Barrels
Phillip Miller Faradayic Process for Functional Trivalent Chromium

. 22 E-2
Faraday Technology, Inc. Electroplating
Steven A. Brown Cadmium Alternatives for DoD and NASA 73 E-3
NAVAIR 4.3.4.2 Applications—Phase II Testing Results i
Ryan Josephson . . .
U.S. Air Force Landing Gear Corr0§10n Resistant Ultrahigh Strength Steel to Replace 24 B4

. : Cadmium Plated 300m

Engineering
The Ohio State University 7 Yo F &
D.r' Elizabeth Berman Investigation of Chemical Vapor Deposition of
Air Force Research Aluminum as a Replacement Coating for Cadmium 4 E-6
Laboratory/MLSC uming P & u

Refer to the Exhibit Level map located within the General Information section for poster locations.
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PRESENTER
POSTER TITLE POSTER | PAGE
ORGANIZATION
Professor Roland A. Levy Investigation of Chemically Vapor Deposited Tantalum 4 E7
New Jersey Institute of Technology for Medium Caliber Gun Barrel Protection )
Victor Kenneth Champagne, Jr. Supersonic Particle Deposition Technology for Repair of 3 E-8
U.S. Army Research Magnesium Aircraft Components
E.l. Meletis Electrolytic Plasma Technology: A Novel Cleaning and 44 E-9
University of Texas at Arlington Coating Technology
Diana Facchini Nanocrystalline Cobalt-Alloy Coatings for Non-Line-of- 45 E-10
Integran Technologies, Inc. Sight Chrome Replacement Applications

WP: ODS and VOCs

Dr. K. James Hay

U.S. Army ERDC-CERL Vapor Recovery by Electrothermal Swing Adsorption 26 E-11

Dr. Michael R. Kessler Environmentally Benign Repair of Composites Using

lowa State University High Temperature Cyanate Ester Nanocomposites: Resin 27 E-12
Development

Richard G. Gann
National Institute of Standards and Advanced Technology for Fire Suppression in Aircraft 28 E-13
Technology
Andy Del Collo
Environmental Readiness Division Deep Web Search Portal for Environmental Applications 29 E-14
(N451)
Dr. Michael E. Wright . . . .
U.S. Navy-NAVAIR New Reactive Diluents for VOC-Free Repair Resins 30 E-15
Dr. Shridhar Yarlagadda Environmentally Benign Approaches for the Repair of 31 E-16
Center for Composite Materials Composites for Military Applications
Les Bowman
Naval Air Warfare Center Weapons | Alternative to Halon 1211 Flightline Fire Extinguisher 32 E-17
Division
Dr. John J. La Scala Environmentally Friendly Coatings Systems for DoD

o 33 E-18
Army Research Laboratory Applications

WP: Coatings/De-Coatings
Dr. John J. La Scala Demonstration of Composites with Low Hazardous Air 34 E-19
Army Research Laboratory Pollutant Contents for Military Applications
Yushan Yan, Professor Zeolite Coating System for Corrosion Control to 35 E-20
University of California Riverside Eliminate Hexavalent Chromium from DoD Applications
Dr. Wim Van Ooij, Professor . L
University of Cincinnati Improved Superprimers for DoD Applications 36 E-21
Dr. Peter Zarras Validation of Novel Electroactive Polymers as
Naval Air Warfare Center Weapons  |Environmentally Compliant Coatings for Replacement of 37 E-22
Division Hexavalent Chromium Pretreatments

Environmentally Benign Multilayer Polymer Coatings
with Controlled Surface Properties for Marine 38 E-23
Antifouling Applications

Professor Christopher K. Ober
Cornell University

Dr. El Sayed Arafat Demonstration/Validation of High Performance

Corrosion Preventive Compound (CPC) for Interior 39 E-24
NAVAIR ) T

Aircraft Applications
Meng-Dawn Cheng Assessing the Pulmonary Toxicity of Single-Walled 40 E-25
Oak Ridge National Laboratory Carbon Nanohorns

Refer to the Exhibit Level map located within the General Information section for poster locations.
E-ii




Partners in Environmental Technology

Tuesday (Group 1) Posters

Foster-Miller Inc.

System

PRESENTER
POSTER TITLE POSTER | PAGE
ORGANIZATION

Matt O’Keefe Performance of Zero VOC, Multifunctional UV (MUV) 61 E-26
University of Missouri-Rolla Curable Corrosion Coatings on Metallic Substrates )
Randel Bowman . .
Oklahoma City Air Logistics Center Robotic Laser Coating Removal System 62 E-27
Jim Tankersle Progress Report: Qualification, Demonstration, &

y Validation of Compliant Removers for Aircraft Sealants 63 E-28
Battelle . .

and Specialty Coatings

Wayne Patterson
OO-ALC/MADL Science and Low Temperature Cure Powder Coatings 64 E-29
Engineering Laboratory
John E. Benfer Environmentally Friendly Inspection Through Coatings 65 E-30
NAVAIR Jacksonville v Y y mnsp e &
Dr. Nese Orbey UV Curable Non-Chrome Primer and Advanced Topcoat 66 E31

Dr. Jo Ann Ratto
U.S. Army Natick Soldier Research

Sustainable Infrastructure (SI)

: Facilities Management — Facility Waste

Center

Byung J. Kim

System

: Facilities Management — Air Quality

Measurement of Particulate Matter Emission Factors

Development and Engineering Center Lightweight and Compostable Fiberboard for the Army 46 E-32
(NSRDEC)
Dr. Chris Schwier . . . .
Metabolix, Inc. PHA Bioplastic Packaging Materials 47 E-33
Jiong Hu Sequestering Lead in Paint by Utilizing Deconstructed 48 E-34
lowa State University Masonry Materials as Recycled Aggregate in Concrete
Stephen D. Cosper Determining Environmental Solubility of Pb from 49 B35
ERDC-CERL Recycled Concrete Aggregate
Satya P. Chauhan Development of Environmentally Benign and Reduced

: . . 50 E-36
Battelle Corrosion Runway Deicing Fluid
Nancy Ruiz, Ph.D. L . .

g . . . Application of a Bimetallic Solvent Paste Technology for

El:z:]/?;rFaCIIItles Engineering Service PCB Removal from Older Structures on DoD Facilities > E-37
Rance T. Kudo Demonstration of NoFoam System Technology for
Naval Facilities Engineering Service |Aircraft Hangar and Fuel Farm Fire Suppression Foam 52 E-38

RTI International
SI: Natural

Dr. Jay Barlow
NOAA Southwest Fisheries Science
Center

Assessment Methodology for Deployed Troops

esources Management — Maritime Sustainability
Predictive Modeling of Marine Mammal Density from
Existing Survey Data and Model Validation Using
Upcoming Surveys

56

Bésv'eﬁ;g:geﬁ?%gﬁé rr Research and from Rotary Wing Aircraft Operations >3 E-39
John A. Gillies _ Pa.rt.iculate Ma.tt.er Emissions for Dust.from Unique 54 E-40
Desert Research Institute Military Activities: Rotary-Winged Aircraft

Charles E. Rodes, Ph.D. A New-Technology Personal Aerosol Exposure 55 Ed1

E-42
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PRESENTER
POSTER TITLE POSTER | PAGE
ORGANIZATION
Dr. Pat Halpin Predictive Habitat and Density Modeling of Marine 57 E-43
Duke University Mammals for Naval Environmental Compliance )
R. Pamela Reid Complement Coral Reef Resource Mapping and 8 B4
University of Miami-RSMAS pier pping
Monitoring
Peter L. Tyack .
Woods Hole Oceanographic Studying Responses of Beaked and Other Whales to 59 E-45
. Sonar and Other Sounds
Institution
SI: Natural Resources Management — Threatened and Endangered Species
Mary E. Cablk, Ph.D. Malntammg Rea.l—Tlme Calibration .of Detectlon.Dogz
: Teams During Field Deployment Given Uncertainty in 60 E-46
Desert Research Institute ;
Target Location
Richard A. Fischer, Ph.D. Identification and Investigation of Migratory Bird
U.S. Army Engineer Research and entiticatio vestigation or Migratory . 73 E-47
Stopover Hotspot Habitats on U.S. Military Installations
Development Center
Anna M. Pidgeon, Ph.D. Predicting the Abundance of Desert Birds Using Landsat 74 .48
University of Wisconsin-Madison TM/ETM+ Imagery i
Dr. Joseph M. Szewczak Automated Monitoring and Assessment of Bat and Bird 75 £-49
Humboldt State University Populations
Dr. Cynthia Hartway New Tools for Prioritizing Management Actions for 76 E-50
University of Montana Species of Concern on Department of Defense Lands
Maile C. Neel, Assistant Professor | An Ecoinformatic Approach to Developing Recovery 77 E-51
University of Maryland Goals and Objectives
SI: Natural Resources Management — Ecosystem Management
Paul R. Grossl . o . .
Utah State University Allelochemical Behavior in Soil Environments 78 E-52
Mark W. Paschke Allelopathy and the Control of Exotic Weeds on Military 79 E-53
Colorado State University Training Grounds
. The Ecological Impacts of Alternative Management
Thomas D. .SISk . . Scenarios: The Use of the Effective Area Model on 80 E-54
Northern Arizona University .
Military Bases
Patricia Cunningham. Ph.D SERDP’s Defense Coastal/Estuarine Research Program
nning T (DCERP) - Project Update: Completion of Planning 81 E-55
RTI International
Phase
Dr. Lisa J. Rew Preventing the Spread of Invasive Species: Evaluating 32 E-56
Montana State University Plant Propagule Transport by Vehicles
Dr. Claudia Husseneder
Louisiana State University Paratransgenesis for Termite Control 93 E-57
Agricultural Center
Dr. Joan L. Walker . .
USDA Forest Service, Southern Evaluatlng. the Efchts of Environmental Factors on the 94 E-58
. Loblolly Pine Decline at the Stand Level
Research Station
Dr. Joan L. Walker Predicting the Occurrence of Loblolly Pine Decline in
USDA Forest Service, Southern Potential Red-Cockaded Woodpecker Habitat at Fort 95 E-59

Research Station

Benning, Georgia

Refer to the Exhibit Level map located within the General Information section for poster locations.
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University of Wyoming

Dr. Virginia H. Dale

Reinvasion

Comparing Model Projections Generated by RSim and

SI: Natural Resources Management — Land Management and Watershed Protection

PRESENTER
POSTER TITLE POSTER | PAGE
ORGANIZATION 05 05 G
Dr. Joan L. Walker Effects of Site Preparation on Native Ground Layer
USDA Forest Service, Southern Vegetation Diminish Three Years after Application on a 96 E-60
Research Station Hydric Soil in North Carolina
Dr. Ann Hild, Associate Professor |Selecting Promising Grass Genotypes to Limit Weed 97 E-61

ERDC-CRREL

Dr. Jeffrey H. Altschul
SRI Foundation

T X
1q

OEE»} Revegetating Military Training Lands

Intergrating Archaeological Modeling in DoD Cultural
Resource Compliance

98

Oak Ridge National Laboratory Leam for Fort Benning 100 E-62
AR TOT e ot et R
Oak Ridge National Laboratory 7, Year Y g g

i o Improved Methods and Materials for
Antonio J. Palazzo = Project 102 -

SI: Cultural Resources

Dr. Michael L. Hargrave
ERDC-CERL

Integrated Multi-Sensor Characterization of
Archaeological Sites Using Archaeomapper

99

Dr. Raymond Lim

Munitions Management (MM)

MM: Underwater

BAE Systems AIT

Dale Bennett

Discrimination of Underwater

Lidar and Orthophotos in UXO Wide Area Assessment

Naval Surface Warfare Center Sonar Performance Against Underwater UXO 70 E-67
Panama City

Broadband, Multi-Aspect Scattering Measurements from
Dr. J. A. Bucaro .

Shells, Rockets, and False Targets in the Structural 71 E-68
Naval Research Laboratory : .

Acoustic Domain
Barbara Sugiyama
Naval Facilities Engineering Service |Predicting the Mobility and Burial of Underwater UXO 72 E-69
Center
gAhleé Bassani Deep Water Munitions Detection System &3 E-70
Steven A. Arcone Factors Affecting Lake Subbottom UXO Surveys with 34 E-71
U.S. Army ERDC Ground-Penetrating Radar
Eugene Lavely Synthetic Aperture Sonar for Detection and 85 E-72

MM: Wide Area Assessment

Sandia National Labs

Sets

URS Corporation Summary of Lessons Learned 67 E-73
. . A Comparison of Filter Strategies for Precision
SE{(;SéﬁgzeJn‘Jislgfsl; ty Geolocation of UXO Detection Instrumentation Using 68 E-74
Integrated IMU Systems
Barrv Roberts Testing and Analysis of Geostatistical Characterization
y Techniques Using Full-Coverage Magnetometer Data 69 E-75

Refer to the Exhibit Level map located within the General Information section for poster locations.
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PRESENTER
POSTER TITLE POSTER | PAGE
ORGANIZATION
Brent Pulsipher . .
Pacific Northwest National Camp Beale Wlde. Aree} Assessment Transect Design and 36 E-76
Target Area Identification
Laboratory
John E. Foley, Ph.D. Helicopter Magnetometry Characterization: Integrated ’7 E-77
Sky Research, Inc. Technology for Wide Area Assessment
David Wright . .
Sky Research, Inc. Next Generation Helimag Technology 88 E-78
Dr. Kevin Johnson Intelligent Data Fusion for Wide-Area Assessment of 39 E-79
U.S. Naval Research Laboratory UXO Contamination
Dr. Stephen Billings Wide Area UXO Screening with the Minimum Altitude 90 E-80
Sky Research, Inc. Remote Sensing (MARS) Fixed Wing Airborne System
Dr. William E. Doll Demonstration of Two Airborne Vertical Magnetic 9] E-81
Battelle Gradient Systems for UXO Surveying

MM: Ground-Based Detection and Discrimination — EMI and Magnetometers/Modeling and Processing
_ijcc %2 MM-1414: Improving Detection and
% Discrimination of UXO in Magnetic
& Environments

Dr. Yaoguo Li

Colorado School of Mines 92 E-82

Iq

MM: Ground-Based Detection and Discrimination — Geolocation

John E. Foley, Ph.D. Improving Geospatial Positioning Accuracy to Support 108 £-23
Sky Research, Inc. UXO Discrimination
MM: Recovery and Disposal
Bill Lewis
AFRL/MLQF, Robotics Research The Magnetic UXO Recovery System (MURS) 115 E-84
Group
MM: Ground-Based Detection and Discrimination — EMI and Magnetometers/Sensors
Dr. Stanko R. Brankovic Electrodeposition at Nanoscale: The Prospect for 103 .85
University of Houston Magnetic Field Sensors Fabrication
Dr. Ben Barrowes High Fidelity Electromagnetic Induction Instruments and 104 E-86
CRREL-ERDC Physically Complete Models
Herb INelson EMI Array for Cued UXO Discrimination 105 E-87
Naval Research Laboratory
Dr. David L. Wright ALLTEM UXO Detection SensmVl"ry and Inversions for
- Target Parameters from Yuma Proving Ground and Test 106 E-88

U.S. Geological Survey

Stand Data

Sub-Audio Magnetics. The Application of a New Dual
Lynn Helms Mode Geophysical System to the Simultan
U.S. Army Engineering and ode beophiysical System fo the Simultancous . 107 E-89
Development Center, Huntsville Acquisition of Total Magnetic Intensity and Total Field

' Electromagnetic Responses from Buried UXO

Dr. Mar!( D. Prouty Miniature Total Field Magnetometers 109 E-90
Geometrics, Inc.

Metalmapper: A Multi-Sensor Tem and Magnetic
Dr. Mar_k D. Prouty Gradiometer System for UXO Detection and 110 E-91
Geometrics, Inc. . .

Classification
Dr. Michael W. Asten Superior Depth of Detection and UXO Target
Flagstaff GeoConsultants Technology |Characterization Using an Array of Fluxgate Magnetic 111 E-92
Pty Ltd. Sensors

Refer to the Exhibit Level map located within the General Information section for poster locations.
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U.S. Geological Survey

UXxo

PRESENTER
POSTER TITLE POSTER | PAGE
ORGANIZATION
Ryan E. North . .
U.S. Army Engineer Research & R?pe?tablht.y of Common UXO Detection & 112 E-93
Discrimination Instruments
Development Center
David C. George An EM System with Dynamic Multi-Axis Transmitter 13 E-94
G&G Sciences, Inc. and Tensor Gradiometer Receiver )
. . The Active Tensor Magnetic Gradiometer System: A
David V. Smith Dual Mode System for Mapping and Discrimination of 114 E-95

Gregory J. Harvey, CIH

Environmental Restoration (ER)

iz, Unconventional Sources of Perchlorate

= Project £

ER: Perchlorate

University of Alaska

Professor Janet G. Hering
California Institute of Technology

Vertebrate Species: The Threespine Stickleback

Possible Sequestration Mechanisms for Naturally-
Occurring Arsenic Mobilized During In Situ
Bioremediation of Chlorinated Solvents (ER-1374)

126

orey % er 3 116 E-96
Haanh
W. Andrew Jackson Ph.D., P.E. Occurrence and Deposition of Atmospherically 117 E-97
Texas Tech University Generated Perchlorate
Professor Mary Jo Kirisits Characterizing the Microbial Community in a Bioreactor 118 £-98
University of Texas at Austin Treating Perchlorate-Contaminated Groundwater
Ronald L. Crawford, Ph.D. Engineered Intrinsic Bioremediation of Ammonium 119 E-99
University of Idaho Perchlorate in Groundwater
David R. Liopincott Successful Field-Scale Bioremediation of Perchlorate in
- -1PP Groundwater Utilizing an Active-Passive Treatment 120 E-100
Shaw Environmental
Approach
Yuehe Lin .
Pacific Northwest National Novel Electr.ochemlcal Process for Treatment of 121 E-101
Perchlorate in Waste Water
Laboratory
Dr. John D. Coates . Do
University of California, Berkeley A Colorimetric Bioassay for Perchlorate 122 E-102
DI‘._ ‘]Oh.n D. Coa.tes . Continuous Bioelectrical Perchlorate Treatment 123 E-103
University of California, Berkeley
Sheri L. Knox, P.E. Lines of Evidence for Monitored Natural Attenuation of
. 124 E-104
Solutions-1ES Perchlorate
Carol Aziz, Ph.D., P.E. Evaluation of Alternative Causes of Wide-Spread, Low 125 E-105
Geosyntec Consultants Concentration Perchlorate Impacts to Groundwater
Se Chang Ahn Enhancing Microbial Reduction of Perchlorate in 127 E-106
University of Delaware Ammunitions Wastewater by Zero-Valent Iron i
. A Preliminary Look at Climatic Controls on Levels of
Greta .. Or.r is, Ph.D. Atmospherically-Derived Perchlorate in Natural 128 E-107
U.S. Geological Survey .
Materials
Paul B. Hatzinger, Ph.D. Evaluation of Perchlorate Origin Using Stable Isotope
. . 129 E-108
Shaw Environmental, Inc. Analysis
Richard R. Bernhardt, Ph.D.
Candidate The Effects of Perchlorate Exposure on a Model 130 E-109

ER: Heavy Metals

E-110

Refer to the Exhibit Level map located within the General Information section for poster locations.

E-vii




Partners in Environmental Technology

Tuesday (Group 1) Posters

PRESENTER
POSTER TITLE POSTER | PAGE
ORGANIZATION
Desmond I. Bannon, Ph.D. DABT
United States Army Center for Health |Bioavailablity of Lead in Small Arms Range Soils 131 E-111
Promotion and Preventive Medicine
Amy Hawkins . o C .
Naval Facilities Engineering Service Species Sensitivity Variations in Amphibians Exposed to 132 E-112
Lead and Copper
Center
Amy Hawkins
Naval Facilities Engineering Service |Reactive Capping Mat Development 133 E-113
Center
Amy Hawkins . . .
Naval Facilities Engineering Service Tl.le EffeCt .O.f Soil Propertics on Toxic Metal 134 E-114
Bioavailability
Center
Steven Larson i Grenade Range Management Using Lime for
. 3 01--!_.‘,L- < Dual Role of Metals Immobilization and 135 E-115
U.S. Army Corps of Engineers 7, Year . .
uant™  Explosives Transformation
David A. Cacciatore, Ph.D., P.E. Mass Balance Evaluation of Mechano-Chemical 144 E-116
Shaw Environmental, Inc. Destruction of PCBs i
Mathieu Laporte-Saumure Characterization and Treatability of Pb, Cu and Zn in
. apor Backstops Soils of Four Canadian Small Arm Shooting 145 E-117
Québec University
Ranges
Precipitation of Arsenic Under Sulfate Reducing
Dr. Mary F. DeFlaun Conditions and Subsequent Leaching Under Aerobic 146 E-118

Geosyntec Consultants, Inc.

ER: Site

Conditions

Characterization, Monitoring, and Processing
Demonstration and Validation of a Regenerated Cellulose

Joey Trotsky C oo o
i - . . Dialysis Membrane Diffusion Sampler for Monitoring
Naval Facilities Engineering Service Ground-Water Quality and Remediation Progress at DoD 147 E-119
Center .
Sites
Frank Loffler, Ph.D. BIORGDE Blgmarkers and Tools for Re.duc.:tlve
. ; Dechlorination Site Assessment, Monitoring, and 148 E-120
Georgia Institute of Technology
Management
Dr. Matthew Feller Ex Situ Soil Remediation of Both Arsenic and Cyanide
. . o 149 E-121
LuSyl Environmental Services Contamination
Carl McElwee Oscillatory Pressure Waves as Energy Source for
L . 150 E-122
University of Kansas Hydraulic Tomography
Philip M. Hunter, P.G. Tools for Long-Term Groundwater Monitoring 151 E-123
AFCEE Optimization: Improving GTS
Dr. H Zhang The Arsenic in Groundwater and Arseniasis from the 159 E-124
Shanghai Jiaotong University Hetao Area, Inner Mongolia
Donna E. Fennell, Assistant Kinetics of Reductive Dechlorination of PCDD/Fs by a
Professor . o 160 E-125
L Dehalococcoides-Containing Culture
Rutgers University
Karla Harre . o .
Naval Facilities Engineering Service Adaptwe. Lon.g_Term Monitoring at Environmental 161 E-126
Restoration Sites
Center
Louise V. Parker Demonstration of the Snap Sampler Passive Ground 162 E-127

USA ERDC-CRREL

Water Sampling Device for Inorganic Analytes

Refer to the Exhibit Level map located within the General Information section for poster locations.
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Clemson University a

Gregory V. Lowry Associate

Geologic Media

PRESENTER
POSTER TITLE POSTER | PAGE
ORGANIZATION

Dr. Mark Kram Mass Flux Distribution Using the High-Resolution 163 E-128
NFESC Code 413 Piezocone and GMS ]
Roelof VVerstee Optimized Enhanced Bioremediation through 4D

. 9 Geophysical Monitoring and Autonomous Data 164 E-129
Idaho National Laboratory . ) .

Collection, Processing and Analysis
Dr. Stephen Movse Improved Management of Groundwater Contaminant
CIeImSOII‘:I) Univers)i/t y Risks Using Dynamic, Model-Based Fusion of 165 E-130
y Hydrologic Processes and Electrical Resistivity Surveys

Dr. Ronald W. Falta Contaminant Mass Transfer During Boiling in Fractured 166 E-131

ER: Sediments

Effects of Biogeochemical Factors on the Performance of

Massachusetts Institute of Technology

Passive Sampler

Professor In Situ Activated Carbon Sediment Caps for PCB 174 E-132
Carnegie Mellon University Sequestration
Professor Upal Ghosh . .
University of Maryland Baltimore P‘A.‘H Transport Through Sediment Caps With and 175 E-133
Without Sorbent Amendments
County
Professor Upal Ghosh . _y . .
University of Maryland Baltimore In S.1tu Remechatlon of Metal and Organic Pollutants in 176 E-134
c Sediments Using Sorbent Amendments
ounty
Victor M. Magar Guidance for Monitored Natural Recovery at 177 E-135
ENVIRON International Corporation |Contaminated Sediment Sites
Dr. Danny Reible Evaluation of the Applicability and Effectiveness of 178 E-136
University of Texas Organoclays as Active Capping Materials
Dr. Danny Reible Evaluation of the Applicability and Effectiveness of 179 E-137
University of Texas Organoclays as Active Capping Materials
M H. Paller Evaluation of the Potential Side-Effects of Sequestering
T . . Agents Used for the Development of Active Caps for 180 E-138
Savannah River National Laboratory . .
Contaminated Sediments
Dr. Anna Sophia Knox Active Caps for Remec'hatlon of Mlxt}lres of
- - Contaminants and Resistance to Erosion — A 181 E-139
Savannah River national Laboratory . )
Comprehensive Evaluation
Dr. Joel E. Baker Application of Tools to Measure PCB Microbial
University of Maryland Center for Dechlorination and Flux into Water During In-Situ 189 E-140
Environmental Science Treatment of Sediments
. Bayesian Modeling of Polychlorinated Biphenyl
Dr. Jea.nne M. Vanprlesgn Dechlorination in Sediment for Remediation Decision 190 E-141
Carnegie Mellon University
Support
Professor Nicholas Fisher Bioavailability of Sediment-Bound Metals for Marine
S 191 E-142
Stony Brook University Polychaetes
G. Allen Burton, Professor and Sediment Ecosystem Assessment Protocol (SEAP): An
Chair Accurate and Integrated Weight-of-Evidence Based 192 E-143
Wright State University System
Philio Gschwend In Situ Measurement of PAH Activities in Submerged
P Marine Sediments Using Low Density Polyethylene 193 E-144

Refer to the Exhibit Level map located within the General Information section for poster locations.
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Jersey

Marianne E. Walsh

Finland

Persistence of High Explosives from Low-Order

PRESENTER
POSTER TITLE POSTER | PAGE
ORGANIZATION
Dr. Joseph Z. Gailani Technical Objective 1 Experimental Investigation of a
U.S. Army Engineer Research and Wall Shear Stress in a Pulsating Channel Flow With 194 E-145
Development Center Strong Bulk Flow Reversal
Y. Meriah Arias-Thode, Ph.D. Bacterial and Benthic Community Response to Inorganic 195 E-146
SPAWARSYSCEN San Diego and Organic Sediment Amendments )
Hui Liu Ex Situ Dechlorination of Polychlorinated Dibenzo-P-
Rutgers, the State University of New |Dioxins and Dibenzofurans in Kymijoki River Sediment, 196 E-147

ER: Energetics

ERDC USACE

Tetrahymena Pyriformis

U.S. Army ERDC/CRREL Detonations within a Salt Marsh Impact Area 202 E-148
Dr. Guv Ampleman Study of Propellant Residues and Gases Emitted During
- 2Uy P 105-mm Howitzer Live Firing at the Muffler Installation 203 E-149
DRDC Valcartier oo .
in Nicolet, Lac St-Pierre, Canada
Dr. Sonia Thiboutot Energetic Residues Deposition from 84-mm Carl Gustav 204 E-150
DRDC Valcartier Antitank Live Firing
Metabolite Distribution as Influenced by Abiotic, Biotic,
Man Jae Kwon and Mixed (Biotic-Abiotic) Pathways, pH and 205 E-151
University of Illinois Bioavailable Fe(IIl) in Electron Shuttle-Mediated
Biotransformation of RDX
Paul B. Hatzinger, Ph.D. Field Demonstration of In Situ Bioremediation of 206 E-152
Shaw Environmental, Inc. Energetic Compounds in Groundwater
Farrukh Ahmad, Ph.D., P.E. Monitored Natural Attenuation of Explosives in 207 E-153
GSI Environmental, Inc. Groundwater Using Stable Isotope Ratio Analysis
Dr. Susan Taylor Outdoor Dissolution of Composition B, TNT, and 208 E-154
U.S. Army ERDC Tritonal )
Dr. Mohammad Qasim Molecular Structure Determines Trends Between
. Chemical and Physical Properties of Nitramines, Cage 209 E-155
ERDC USACE . . . . .
Nitramines, and Nitroaromatic Energetics
Dr. Mohammad Qasim A Study of Molecular Structure and Reactivity of TNT 210 E-156
ERDC USACE and Selected Derivatives i
June Sup Song Pilot-Scale Evaluation of Zero-Valent Iron Technology: 11 E-157
University of Delaware Treatment of RDX Wastewater
Jim Szecsody . . .
o . Subsurface Sediment Treatments for Mineralization of
Pacific No_rthwest National RDX, HMX, and TNT 212 E-158
Laboratories
Dr. Katerina Dontsova . . .
U. S. Army Engineer Research and Dlssolutlon and Transport of M9 and M30 Propellants in 213 E-159
Soil Columns
Development Center
Dr. Mark S. Johnson Development of Toxicity Data for Munition Compounds
U.S. Army Center for Health to Support Toxicity Reference Value Derivations for 214 E-160
Promotion and Preventive Medicine | Wildlife
Kathleen Savard, M.Sc. Effect of Soil Properties on Partitioning of RDX Among 215 E-161
Biotechnology Research Institute Soil, Interstitial Water, and Earthworm Tissue
Dr. Jerzy Leszczynski 2D QSAR Analysis of Nitroaromatic Toxicity of the 216 E-162

Refer to the Exhibit Level map located within the General Information section for poster locations.
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PRESENTER
POSTER TITLE POSTER | PAGE

ORGANIZATION
Stuart Strand
College of Engineering-University of |Enhancing Rhizosphere Bacterial Degradation of RDX 217 E-163
Washington
Dr. Neil C. Bruce Engineering Transgenic Plants for In Situ Treatment of 218 E-164
University of York RDX )
Dr. Neil C. Bruce The Role of Glycosyltransferases in the 19 E-165
University of York Phytodetoxification of TNT
Brittanv R. Elokstra Phytoremediation for the Containment and Treatment of

Y| Energetic and Propellant Material Releases on Testing 220 E-166
The University of lowa .
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CHROMIUM REPLACEMENT AND EROSION MITIGATION TECHNOLOGY
FOR MEDIUM CALIBER GUN BARRELS

MIKE AUDINO
Benet Labs
ATTN: AMSRD-AAR-AEW-T(B)
1 Buffington Street
Watervliet, NY 12189
(518) 266-5740
mjaudino@pica.army.mil

CO-PERFORMER: Mark Miller

edium Caliber Guns use electrodeposited chrome to protect the bore surface from the

harsh environment of propellant gases. The electrodeposition process uses Chrome IV, a
known carcinogen. Various laws and statutes exist to eliminate Chrome IV. In addition,
advanced propellants used in higher lethality medium caliber ammunition increases cannon wear
and erosion, and shortens barrel service life for current and future gun barrels. The solution is to
develop environmentally-friendly, erosion resistant, gun bore coatings that meet or exceed
current performance requirements. The technical objective of this program is to eliminate
chromium plating in the production of medium caliber guns by developing an environmentally
acceptable method for depositing wear and erosion resistant materials onto the gun bore surface
through the exploitation of explosive cladding technology.

Benet Labs, in conjunction with High Energy Metals Inc. (HEMI) in Sequim, WA has
successfully cladded numerous environmentally-friendly materials onto both 12” and 36”
truncated sections of a medium caliber 25mm Bushmaster gun barrel using explosive cladding
technology. After successful liner rifling, firing tests are expected to validate performance
equivalency.

This work is funded by SERDP through Project WP-1426: Chromium Elimination In Medium
Caliber Guns, WP-1426.
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FARADAYIC PROCESS FOR FUNCTIONAL TRIVALENT CHROMIUM
ELECTROPLATING

PHILLIP MILLER
Faraday Technology, Inc.
315 Huls Drive
Clayton, OH 45315
(937) 836-7749
phillipmiller@faradaytechnology.com

CO-PERFORMERS: Dr. Alonso Lozano (Faraday); Dr. Paul Chalmer (NCMS)

Faraday will present research work performed to develop a functional trivalent chromium
plating process from a simple to control trivalent-based electrolyte to replace hexavalent
chromium plating. Hexavalent chromium plating has been used for many years to provide hard,
durable coatings with excellent wear and corrosion resistance properties. However, hexavalent
chromium baths have come under increasing scrutiny due to the toxic nature of the bath, effects
on the environment, and workers’ health. In this poster, Faraday will present its accomplishments
to date to achieve properties comparable to existing hexavalent chromium plating for both
functional and decorative applications. Continuing work on the bath chemistry, diffusion layer,
hydrodynamics, and electrically mediated process parameters will also be discussed. Also
presented will be brief details on Faraday’s other environmentally benign technologies that may
be of interest to SERDP participants.
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CADMIUM ALTERNATIVES FOR DOD AND NASA APPLICATIONS—
PHASE Il TESTING RESULTS

STEVEN A. BROWN
NAVAIR 4.3.4.2
48066 Shaw Road
Building 2188
Patuxent River, MD 20670
(301) 342-8101
steven.a.brownl@navy.mil

Joint Test Protocol (JTP) for evaluation of cadmium alternatives for high-strength steel

structural components has been developed through the Joint Cadmium Alternatives Team
(JCAT). The test protocol combines the joint requirements of the aviation and ground platform
community for defense and commercial users, and builds upon previous work including
screening tests for cadmium alternatives and the Air Force’s landing gear effort. Phase I testing,
completed in 2006, focused on embrittlement/re-embrittlement and adhesion testing of
alternative coatings and repair methods. Coatings selected for Phase II testing were: LHE Zinc-
Nickel, Sputtered Aluminum, Electroplated Aluminum, Brush Zinc-Nickel, Brush Tin-Zinc, and
SermeTel® 249/273. Control coatings included both LHE cadmium and IVD aluminum.
Phase II tests, conducted in FYO07, consisted of stress corrosion cracking, corrosion fatigue, SO,
salt fog corrosion, throwing power, compositional uniformity, galvanic corrosion, salt spray
corrosion, fluid corrosion, coating adhesion, paint adhesion, repairability, and lubricity. Test data
reported here have been generated by various government and commercial labs including
NAVAIR, Army Research Labs, Concurrent Technologies Corporation, and Westmoreland
Mechanical Testing and Research. Portions of this effort were funded by ESTCP WP-0022.
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CORROSION RESISTANT ULTRAHIGH STRENGTH STEEL TO REPLACE
CADMIUM PLATED 300M

RYAN JOSEPHSON, PROGRAM MANAGER
U.S. Air Force Landing Gear Engineering
515CBSS/GBEA
6040 Gum Lane, Building 1216
Hill AFB, UT 84056
(801) 777-5711
ryan.josephson@hill.af.mil

CO-PERFORMERS: Paul Trester (General Atomics); Charlie Kuehmann (Questek Innovations)

An innovative approach to the computational engineering of new materials has been
undertaken to develop a stainless steel replacement for cadmium coated 300M in aerospace
structural components. Computational modeling and systems engineering has optimized an alloy
composition and processing to achieve a superior combination of strength, toughness, and
resistance to corrosion and stress-corrosion-cracking. A program targeting applications in
Landing Gear (WP-0304) is now nearing completion and will result in AMS specification for the
new alloy, Ferrium® S53, by the end of 2007. Component qualification testing on A10 main
landing gear pistons is currently in process. JTP test data has been completed and documented in
a JTR. A separate program targeting rotary gear actuator applications (WP-0619) is underway
and addresses corrosion and wear issues not common to landing gear. Program results to date
indicate the alloy can replace 300M steel with significant improvements to general corrosion
resistance and stress corrosion cracking resistance. Results from JTP testing and demonstration
activities will be presented.
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DEVELOPMENT OF NI-CU-RU CONSUMABLES FOR WELDING OF
AUSTENITIC STAINLESS STEELS

PROFESSOR GERALD FRANKEL of 1t
. . . g‘ (&
The Ohio State University o v A
2041 College Road, 477 Watts Hall E %
Columbus, OH 43210 =7 1

(614) 688-4128
frankel.10@osu.edu

CO-PERFORMERS: Professor John Lippold, Dr. Boian Alexandrov, Jeffrey Sowards, and
Dong Liang (Ohio State University)

Welding of stainless steel can produce fumes that contain carcinogenic hexavalent
chromium (Cr™®) species. OSHA recently has dramatically reduced the Permissible
Exposure Limit (PEL) for hexavalent chromium, which may severely restrict the use of
conventional weld consumables containing 12-25% Cr. The motivation of this SERDP-funded
study (WP-1415) is to develop a Cr-free filler metal based on the Ni-Cu alloy system that is
compatible with common austenitic stainless steels, including Types 304 and 316.

Last year, we presented results from shielded metal arc (SMA) welds made with a Ni-209 (Ni-
4Ti-0.7A1-0.4S1-0.3Mn) core wire with Cu and Pd additions in the wire coating. It was difficult
to achieve the desired weld deposit composition with those consumables. This year, wire was
made with the composition Ni-7.5Cu-0.5Ti-0.5A1-0.02C. SMA consumables were produced by
Special Metals Corp. and Euroweld Ltd. using this wire. Welds were made with the fabricated
Ni-Cu-Ru electrodes and weldability and corrosion testing was performed on those welds. The
target composition of Cu and Ru was achieved in the weld deposits.

Weldability testing was performed using a cast-pin test designed to evaluate susceptibility to
solidification cracking. It was found that the Ni-Cu-Ru weld metal has only a moderate
susceptibility to solidification cracking similar to other Ni-based weld metals. Testing of solid-
state weld cracking susceptibility was also performed on weld deposits made with the Ni-Cu-Pd
consumables. The solid-state cracking phenomenon, known as ductility dip cracking (DDC),
was found in those weld deposits. The susceptibility to DDC is similar to other Ni-based weld
metals with a moderate to high susceptibility. Fume studies were performed on fume produced
by the Ni-Cu-Pd and off-the-shelf E308-16 welding consumables. Fume generation rates were
considerably higher for the Ni-Cu-Pd consumables, as compared to E308-16, though the levels
of Cr+6 were reduced dramatically from 2.6 wt-% (E308-16 fume) to 0.02 wt-% (Ni-Cu-Pd).

Corrosion resistance of welds made with Ni-Cu-Pd consumables was assessed by cyclic
polarization and immersion crevice corrosion tests. The results of the two tests were in
agreement. The lower breakdown potential and higher repassivation potential of the samples
with Ni-Cu-Pd welds compared to 308L welds are associated with the location of crevices at the
weld metal for the Ni-Cu-Pd weld samples but shallower crevice depth. The beneficial effects of
Pd on the critical potentials, even at levels as low as 0.12%, are also reflected in the improved
crevice corrosion behavior of the Pd weld samples.
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INVESTIGATION OF CHEMICAL VAPOR DEPOSITION OF ALUMINUM AS A
REPLACEMENT COATING FOR CADMIUM

DR. ELIZABETH BERMAN
Air Force Research Laboratory/MLSC
2179 12th Street
Building 652, Room 122
WPAFB, OH 45433-7717
(937) 656-9139
elizabeth.berman@wpatb.af.mil

CO-PERFORMERS: Dr. Eric Brooman (AFRL/MLSC); John Kleek (AFRL/MLSC); Professor
Roland Levy (New Jersey Inst. of Technology); Dr. Sungmin Maeng (NJIT); Dr. John Beatty
(ARL); Dr. Fernando Gomez (Akzo Nobel Chemicals); Sam Newberg (Akzo Nobel Chemicals);
Steve Gaydos (Boeing-St. Louis)

Cadmium is widely accepted as the coating of choice on high strength steels due to its
excellent corrosion resistance, adhesion, and lubricity characteristics. However, cadmium is
a carcinogen, a teratogen, and a toxic metal that can be leached easily causing potential
contamination of the ground water supply and food chain.

The objective of this SERDP project (WP-1405) is to evaluate the use of atmospheric pressure
chemical vapor deposition techniques to produce uniform and conformal aluminum coatings on
high strength steel substrates. This approach offers an environmentally benign alternative to
cadmium plating, as well as promises to provide high production throughput, low cost, and
coatings with desirable properties and performance. Efforts during the third year of this project
have focused on using tri-isobutyl aluminum as a precursor to deposit coatings 10-25 mm thick
at temperatures in the range from 275°C to 300°C. These aluminum coatings have been
characterized in terms of their composition, structure, and morphology. Additionally,
performance tests are being used to determine their properties compared to those of cadmium
and Ion Vapor Deposited (IVD) aluminum. Results indicate that the coatings consist essentially
of pure aluminum with traces of oxygen, carbon, and hydrogen. The presence of hydrogen in the
coatings necessitates a post deposition, hydrogen relief bake (such as used for cadmium coatings)
to avoid causing hydrogen embrittlement and/or a fatigue debit. The performance tests include
chemical resistance, paint adhesion, corrosion resistance, electrochemical characterization,
hardness and tensile strength debit, hydrogen embrittlement susceptibility, as well as fatigue
debit. Further work is needed to produce pure coatings at lower deposition temperatures that will
not have an adverse effect on high strength steel substrates used for landing gear components, as
well as producing optimized coatings for other applications that require lower strength steels.
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INVESTIGATION OF CHEMICALLY VAPOR DEPOSITED TANTALUM FOR
MEDIUM CALIBER GUN BARREL PROTECTION

PROFESSOR ROLAND A. LEVY
New Jersey Institute of Technology
323 M. L. King Boulevard
Newark, NJ 07102
(973) 596-3561
levyr@njit.edu

CO-PERFORMERS: Weizhong Chen (New Jersey Institute of Technology); Dr. Yong Seok
Suh (NJIT); Dr. Sungmin Maeng (NJIT); Dr. Thomas R. Gaffney (Air Products and Chemicals,
Inc.); Hareesh Thridandam (APCI); Kirk S. Cuthill (APCI)

hromium (Cr) has been widely used as a protective coating on the interior bore surfaces of

medium caliber gun barrels. Chromium coatings are currently electro-deposited from
aqueous solutions of hexavalent chromium, a known carcinogen and toxic substance that is
strictly regulated and entails high disposal costs. Tantalum (Ta) in the a phase is an attractive
candidate for Cr replacement because it is environmentally friendly and exhibits excellent
physical and chemical properties such as a high melting point (3017°C), good ductility, and
excellent corrosion resistance in aggressive environments. Although internally magnetized
cylindrical magnetron sputtering (IM-CMS) has been demonstrated to be capable of depositing
Ta coatings to protect large caliber gun bores, it has proven not to perform well on cylinders with
diameters below 45 mm due to the critical ionization distance required by this process.

This program investigates the use of chemical vapor deposition (CVD) to produce high quality
Ta coatings for Cr replacement. In addition to offering an environmentally benign alternative to
Cr plating, this relatively low deposition temperature process promises to provide high
throughput, low cost, conformal step coverage, and coatings with desirable properties and
performance. In this SERDP-supported study (WP-1425), tantalum pentachloride (TaCls) has
been selected as the preferred precursor while a downstream-type plasma enhanced CVD
(PECVD) reactor with 13.56 MHz RF power source was used to produce the coatings. The
interrelationships governing the growth kinetics, compositions, and coating properties have been
established as a function of deposition temperature, total pressure, RF power, and reactant
concentration. The Ta coatings have been characterized with respect to their chemical, structural,
and morphological properties. Results of AES and XPS indicate that the coatings consist
essentially of pure Ta with trace amounts of oxygen and chlorine. The SEM results revealed that
the coatings exhibit conformal coverage while the XRR and XRD results indicated that the
coatings are dense and exhibit a mixture of the a (BCC) and P (tetragonal) Ta phases. Challenges
currently being addressed include enhancement of the growth rate and production of the pure o
phase at lower temperature on steel substrates.

E-7



Weapons Systems and Platforms Poster Number 43 — Tuesday
Heavy Metal Elimination

SUPERSONIC PARTICLE DEPOSITION TECHNOLOGY FOR REPAIR OF
MAGNESIUM AIRCRAFT COMPONENTS

VICTOR KENNETH CHAMPAGNE, JR.
U.S. Army Research
Laboratory Aberdeen Proving Ground
Aberdeen, MD 21005-5069
(410) 306-0822
vchampag@arl.army.mil

CO-PERFORMERS: Robert Kestler (NADEP-CP, Cherry Point, NC); Robert Guillemette
(Sikorsky Aircraft, Stratford, CT); Timothy J. Eden (The Pennsylvania State University, State
College, PA); Keith Legg (Rowan Technology Group, Libertyville, IL); Mark Velazquez
(CCAD, Corpus Christi, TX)

agnesium alloys are widely used for fabrication of many components on DoD aircraft,

because of their high strength-to-weight characteristics, especially for complex
components such as transmission and gearbox housings on helicopters and gearbox housings on
fixed-wing aircraft. The acquisition cost for these components ranges from several thousand to
over one-hundred-thousand dollars. However, magnesium alloys are highly susceptible to
corrosion in-service and to surface damage due to impact such as during handling, assembly, or
repair. To provide some level of protection, OEMs hard anodize the surface using a process
designated Dow 17 which uses compounds containing hexavalent chromium. Repair depots use
a chromate conversion process designated MIL-M-3171. On most surfaces, these processes are
followed with a resin sealer and then a chromated primer and topcoat. Even with these
processes, several million dollars are expended by DoD each year to either repair or replace Mg
alloy components that are corroded or damaged in service. In addition, the proposed new
permissible exposure limit for hexavalent chromium will make the replacement of processes
using this compound almost mandatory. As part of an overall solution to the problem,
supersonic particle deposition (SPD) of aluminum alloys is considered one of the most viable
methods of imparting surface protection to Mg alloys. Test data relating to the demonstration and
validation of SPD of Al alloy coatings as a cost-effective, environmentally acceptable
technology to impart surface protection and restore dimensional tolerances to Mg alloy
components on DoD helicopters and fixed-wing aircraft will be presented. The work includes
establishment of a demonstration SPD facility at NADEP Cherry Point (NADEP-CP),
development and execution of a materials joint test protocol that would include field testing, and
application of coatings to actual components for lead-the-fleet flight testing.

This work is funded by ESTCP as Project WP-0620.
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ELECTROLYTIC PLASMA TECHNOLOGY: A NOVEL CLEANING AND
COATING TECHNOLOGY

E.I. MELETIS
University of Texas at Arlington
Materials Science and Engineering Department
Arlington, TX 76019
(817) 272-2559
meletis@uta.edu

CO-PERFORMER: Prathesh George

lectrolytic Plasma Technology (EPT) is a novel environmentally friendly, surface cleaning

and coating technique which involves a combination of electrolysis and wet plasma
phenomena. The electrolytic-plasma results in fine bubble formation and collapsing with
concomitant forceful disruptions and shock wave production, along with local melting of the
materials surface layer. These wet plasma/material surface interactions result in a complete
removal of mill-scale or other contaminants and produce an effectively clean surface. Further
more, the local surface melting and subsequent quenching results in ultra-fine grain structures
and a favorable ‘anchor’ surface profile providing a key or mechanical interlocking for a coating.
Deposition of coatings predominantly occurs by ion acceleration through the plasma, ion bubble
adsorption, and transport to the surface via bubble collapsing. These processes eliminate
boundary layer diffusion and result in unrealistically high deposition rates.

In the present work, the EPT was applied for cleaning 4340 steel surfaces and subsequently
depositing Zn-Ni coatings. The objective of the present SERDP Project (WP-1406) is to assess
the potential of EPT as an alternative for Cd coating replacement. The cleaning process was
carried out in a NaHCOs solution; whereas, coating treatments were conducted using a mixture
of ZnS0O4.7H,0 and NiSO4.6H,O solutions. The Ni content in the coatings was varied by
changing the composition of the electrolyte. The coating microstructure and composition and the
coating/substrate interface were investigated by scanning electron microscopy (SEM) in
conjunction with energy dispersive x-ray spectroscopy (EDS). The chemical state of the
coatings was studied by X-ray photoelectron spectroscopy (XPS) and the phase structure was
determined by X-ray diffraction (XRD). Corrosion performance of the coatings was evaluated by
corrosion potential and potentiodynamic polarization measurements. The results show that EPP
presents high promise as a viable alternative for Cd coating replacement.
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NANOCRYSTALLINE COBALT-ALLOY COATINGS FOR NON-LINE-OF-SIGHT
CHROME REPLACEMENT APPLICATIONS

DIANA FACCHINI
Integran Technologies, Inc.
1 Meridian Road
Toronto, ON M9W 476
Canada
(416) 675-6266, Ext. 236
facchini@integran.com

CO-PERFORMERS: Keith Legg (Rowan Technology Group); Ruben Prado (Naval Air Systems
Command [FRCSE]); Dr. Jonathan McCrea (Integran Technologies, Inc.); Dr. Paco Gonzalez
(Integran Technologies, Inc.); Dr. Gino Palumbo (Integran Technologies, Inc.)

he replacement of hard chromium (Cr) plating, in aircraft manufacturing activities and

maintenance depots, is a high priority for the U.S. Department of Defense. Hard Cr plating
is a technique that has been in commercial production for over 50 years and is a critical process
that is used both for applying hard coatings to a variety of aircraft components in manufacturing
operations and for general re-build of worn or corroded components that have been removed
from aircraft during overhaul. Chromium plating baths contain chromium in the hexavalent
state, a known carcinogen. Wastes generated from plating operations must be disposed of as
hazardous waste and plating operations must abide by EPA emissions standards and OSHA
permissible exposure limits (PEL). OSHA recently reduced the PEL for hexavalent Cr and all
hexavalent Cr compounds from 52ug/m’ to 5pg/m’. Due to the expected increase in operational
costs associated with compliance to the revised rules and the expected increased turnaround
times for processing of components, there is tremendous pressure to find an environmentally
benign alternative to hard chrome.

Electrodeposited nanocrystalline cobalt-phosphorus (nCoP) coatings have been developed as an
environmentally benign alternative to hard Cr coatings for non-line-of-sight (NLOS) applications
under the SERDP Project WP-1152, and are currently going through demonstration-validation
testing in a project under ESTCP Project WP-0411. Nanocrystalline CoP coatings show great
potential as an alternative coating to hard chrome for NLOS applications due to: higher cathode
efficiency, higher deposition rates, high hardness and good sliding wear, and corrosion
resistance. Originally developed on the laboratory scale, the nCoP deposition process has been
scaled up to the industrial/production scale.

Outlined here are the process and properties of various nanocrystalline cobalt-alloy coatings in
comparison to hard Cr, and the broad areas of application for the various coatings. A general
overview of nanocrystalline materials will be presented with particular emphasis on reviewing
the process and properties of nCoP coatings as they pertain to a hard Cr alternative. A review of
the ongoing demonstration/validation program for nCoP, currently being carried out at the Naval
Aviation Depot (NADEP) in Jacksonville, Florida, will also be presented.
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VAPOR RECOVERY BY ELECTROTHERMAL SWING ADSORPTION

DR. K. JAMES HAY
U.S. Army ERDC-CERL
2902 Newmark Drive
P.O. Box 9005
Champaign, IL 61826-9005
(217) 373-3485
kent.j.hay@erdc.usace.army.mil

CO-PERFORMERS: Dr. Patrick Sullivan (Air Force Research Laboratory); Dr. Mark Rood
(University of Illinois)

he development of new vapor recovery technologies can allow for the continued use of

higher-performance chemicals, re-use of those chemicals, and lower overall emissions of
Hazardous Air Pollutants/Volatile Organic Compounds (HAPs/VOCs). They may also alleviate
concerns of greenhouse gas emissions from oxidative technologies. The most energy efficient
method is adsorption, which is often economically or practically unfeasible with current
technologies, such as granular activated carbon (GAC) with steam regeneration. VaPRRS™ was
developed cooperatively by the University of Illinois, ERDC-CERL, and Air Force Research
Laboratory (AFRL) as an economical adsorption technology to control emissions from
Department of Defense (DoD) HAP/VOC emissions sources such as painting operations

VaPRRS™ is a new type of regenerative filter system, which uses a high-performance activated
carbon fabric cloth (ACFC) contained within a vessel. Applying an electrical current regenerates
the fabric by rapidly heating the fabric, which efficiently desorbs the contaminant with minimal
heating of the vessel. The adsorbate is released and condensed onto the inner surface of the
vessel and is collected as a liquid. The filter is ready for reuse after it cools. A major advantage
of this technology over conventional systems is that the entire adsorption, desorption, and
recovery process occurs in the same vessel. This ultimately reduces the size, complexity, and
cost of the system.

During a pilot field study at a paint booth at Fort Hood, TX, the system achieved greater than
99% control efficiency. Through ESTCP Project WP-0521, VaPRRS™ is being demonstrated at
Hill Air Force Base on a portable system for painting the wheel wells of the C-130 aircraft. The
portable paint booth encloses the painting operation so that evacuation of the hangar is not
necessary during painting. However, control efficiency is important because the booth vents
back into the hangar. A bed of GAC is currently used to adsorb the HAPs/VOCs in the paint
booth exhaust. When the bed has become saturated, it is sent offsite for disposal or regeneration
and a new bed is installed. This demonstration replaces that GAC bed with a VaPRRS™ unit.
The VaPRRS™ unit has been scaled from an 80 cubic feet per minute (cfm) flow rate pilot
system to approximately 1,000 cfm. Scale-up required a significant redesign of the system,
including modification of the ACFC filters from cylindrical to a bag-type configuration.
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High—temperature polymer matrix composites (PMCs) are widely used in applications, such
as aircraft exhaust and engine cowlings, requiring stability at temperatures up to 260°C.
PMC:s are especially susceptible to matrix micro-cracking when subjected to repeated thermo-
mechanical loadings. Often these matrix micro-cracks coalesce and lead to other damage modes
including fiber/matrix debonding and ply delamination. Low velocity impacts are also common
causes of delamination damage in fiber reinforced PMCs. Resin injection repair is one of the
common methods to repair delamination damage in PMCs. To repair high-temperature PMCs by
this method, the resin should have a very low viscosity, yet cure into a compatible adhesive with
high temperature stability. Normally, thermosetting polymers with high glass transition
temperatures (T,) are made from resins with high room temperature viscosities. Among the high
temperature resins, such as bismaleimides, polyimides, and cyanate esters, an exception is a
unique type of cyanate ester monomer: bisphenol E cyanate ester (BECy), which has an
extremely low viscosity of ~100 cP at room temperature and polymerizes as a cross-linked
thermoset with a high T, of nearly 300°C.

Addition of nanoparticles to the repair resin causes a thixotropic response: viscosity decreases
under applied shear force. This property allows the repair resin to be easily injected into micro-
cracks under shear and remain in the damage zone after the shear force is removed until the
polymer is cured. The incorporation of nanoparticles can also improve the adhesive strength and
may reduce the required high cure temperature by influencing the cure kinetics of the resin.
BECy monomer is cured via an addition trimerization reaction, without volatile products, to form
a high T, amorphous network. The cure kinetics of BECy was investigated by differential
scanning calorimetry (DSC) in dynamic and isothermal mode. The activation energy (E,) of
catalyzed BECy was calculated as 67 kJ/mol and 69 kJ/mol based on Kissinger and Flynn-Wall-
Ozawa methods, respectively. A T, vs. conversion diagram was plotted by using isothermal
curing data and the empirical DiBenedetto equation was used to evaluate the relationship
between T, and conversion. Alumina nanoparticles were found to have a profound catalytic
effect on the cure kinetics of BECy, reducing the (peak exothermic) cure temperature over 70°C
with a 10 wt% loading of alumina nanoparticles.

This work is funded by SERDP through Project WP-1580.
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Production of halon 1301 (CF;Br), long the agent of choice for suppressing in-flight fires, had
ceased as of January 1, 1994 due to its high ozone depleting potential. The Department of
Defense’s Next Generation Fire Suppression Technology Program (NGP), supported by SERDP
as Project WP-1059, reached its conclusion in FY 2006 after ten years of research with a goal to
develop and demonstrate technology for economically feasible, environmentally acceptable and
user-safe processes, techniques, and fluids that meet the operational requirements currently
satisfied by halon 1301 systems in aircraft. The NGP has completed its development of a suite
of tests for screening candidate fire suppressants, delineated the desirable properties of gaseous
and aerosol suppressants, advanced the technology for estimating the environmental properties of
candidate suppressants, and developed a methodology for comparing the life cycle cost of
alternate suppressants for both back fit and forward fit. The Program has also completed a
search for alternative chemicals, leading to a focus on compounds containing bromine, iodine, or
phosphorus atoms, having a boiling point low enough to ensure rapid dispersion in cold
operational temperatures; containing chemical features that ensure rapid decay in the lower
atmosphere; and manifesting low toxicity. The NGP has developed guidance in deploying a
suppressant as efficiently as possible. This includes modeling of agent transport through clutter
and determination of the effects of a cold environment on the effectiveness of agent dispersion
throughout the space to be protected. Finally, the NGP has made significant advancements in
fire suppression techniques other than dispensing of a compressed fluid. This includes solid
propellant-based fire extinguishment systems in which coolants or chemical additives are
incorporated directly into the propellant composition and those in which an auxiliary fluid is
discharged with the propellant effluent. Dramatic improvements have also been realized in
powder panel technology, an approach that provides passive, lightweight protection of aircraft
dry bays against ballistic impact by releasing powder into the fire zone to inert the space before
the adjoining fuel spills into the space and is ignited by incendiaries.

The final report, a 1,240 page book, is available on CD from the author.
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CO-PERFORMER: Dr. Brad Ashton (NDCEE)

Department of Defense (DoD) decision makers require current, accurate, and focused
information on commercial and emerging environmental technologies—sometimes on short
notice—to ensure the best performance and economic returns for their technology investments.
Large amounts of this information are widely available and rapidly increasing, but timely access
to key sources is difficult and unreliable. Moreover, useful data is scattered across many sources
(such as technical reports, press releases, trade journals, conference proceedings, and
government web sites) and exists in different formats. Traditional search engines like Google
index only about 16% of information on the Internet and locating sources outside this category in
the “hidden web” can be time-consuming. Many commercial-off-the-shelf (COTS) data search
technologies exist to access this variety of sources, but no single system design meets the range
of DoD environmental data gathering needs. This presentation will describe and demonstrate a
recently developed, user-friendly Internet Data Search Portal to support search, organization,
analysis, and content extraction from the environmental hidden web for DoD users. The Data
Search Portal incorporates a COTS web-based search engine, along with a user interface,
selected environmental technology Internet sites and data processing features. Potential search
portal applications include scouting for environmental technology solutions, monitoring
emerging technologies, and collecting data for technology assessments.
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NEW REACTIVE DILUENTS FOR VOC-FREE REPAIR RESINS

DR. MICHAEL E. WRIGHT
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CO-PERFORMERS: Dr. Andrew Guenthner; Dr. Lawrence Baldwin; Dr. Thomas Kalapos

Composite polyester repair resins using styrene as the reactive diluent pose significant health
and environmental risks. Our SERDP SEED program (WP-1596) is targeting alternative
and cost competitive reactive diluents that will lead to a 0% VOC repair resin that possesses
equal or better mechanical properties. The initial work has focused on creating new diphenyl
ether analogs that will diminish or eliminate VOCs and deliver a cost effective drop-in
replacement for existing styrene-based repair systems. Currently, we have made diphenyl ether
systems, that indeed produce low viscosity polyester mixes, that nicely wet out the repairs, fully
cure using standard free-radical intiators, and have virtually no detectable VOCs. Results will be
presented on: (1) chemical synthesis and characterization, (2) VOC determination, (3) and use in
composite repairs with mechanical test data. Direct comparison to styrene based repair resins
will be presented as well.
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CO-PERFORMERS: Dr. Masanori Kubota (Kubota Research Association); Dr. John Long
(Kubota Research Association)

hermoset adhesives used in composite joining and repair include: epoxy, polyurethane,

organo-silane, and vinyl ester. These adhesives are applied as films or liquids in volatile and
toxic solvents including: toluene, MEK, acetone, and xylene which are both VOCs and HAPs
and are hazardous to the workers health. In addition, the primary chemical components and
plasticizers that constitute the uncured adhesives are toxic waste on the EPA Toxic Release
Inventory (TRI). The uncured adhesive materials require low temperature storage and have a
shelf life of approximately one year. If not used, the uncured materials must be discarded and
disposed of as hazardous and toxic waste.

This SERDP SEED effort (WP-1581) proposes to evaluate the feasibility of using thermoplastics
as adhesives instead of standard thermosets, using Kubota’s near-infrared (NIR) PWave welding
technology. The proposed one-year effort will address scientific and technical barriers, such as,
selection of thermoplastic polymers as alternatives, understanding and optimizing adhesion
mechanisms between thermoplastics and thermosets, optimizing the NIR system for selective
heating of the thermoplastic, and mechanical performance of the thermoplastic alternatives. The
main barrier is the level of adhesion that is possible between a thermoplastic and a pre-cured
thermoset interface. Two mechanisms, surface roughness and chemical bonding facilitated by
plasma treatment of the thermoplastic, will be evaluated to improve and optimize adhesion. The
NIR system will be used to provide heat locally at the bondline, without heating the substrate and
process optimization will be performed to identify the optimal parameters to maximize adhesion.

The use of thermoplastics eliminates the generation of VOC’s and HAPs, has infinite shelf life,
no storage restrictions or disposal issues allowing it to be carried into the operating theater. The
NIR source is portable and low energy with the potential for battery operation in the field. This
is extremely attractive as it allows in-field repair (due to battle damage or other reasons) of
components restoring platform performance. The radiation heating process only heats and melts
the resin at the bonding interface, minimizing heating and cooling time in the repair cycle to
provide a fast repair (order of minutes). The short repair time allows easy application of external
pressure (rollers), rather than the autoclave or other expensive alternatives.
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ALTERNATIVE TO HALON 1211 FLIGHTLINE FIRE EXTINGUISHER

LES BOWMAN
Naval Air Warfare Center Weapons Division
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1 Administration Circle
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howard.bowman@navy.mil

STCP Project WP-0618, Qualification of an Acceptable Alternative to Halon 1211 DoD

Flightline Extinguishers, is in its second of a two-year funded effort. This is a joint
Navy/Air Force initiative to identify an acceptable alternative to the 150 pound Halon 1211
flightline fire extinguishers. These units are used at airfields as the first responder to an aircraft
fire emergency on the ground. During the first year of the program, suitable alternative agents
were identified along with performance metrics to be used during testing. Candidate agents for
testing were required to meet the following requirements: (1) be on the EPA SNAP list, (2) meet
NFPA 2001 criteria for “clean agent,” (3) and be commercialized in a streaming and/or flooding
application. Several agents met these screening criteria. Additionally, a joint test protocol was
developed. During the second year, the team is conducting testing of industry-submitted
alternative agents/systems against fire scenarios of interest to the two services. Testing is being
conducted at Tyndall Air Force Base.
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CO-PERFORMERS: Steven Boyd and James M. Sands (Army Research Laboratory);
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Lawrence Coulter (Air Force Research Laboratory); Maureen Foley and Roger Crane (Naval
Surface Warfare Center Carderock); Michael Starks and Jorge Gomez (U.S. Army TACOM)

Liquid resins used for molding composite structures are a significant source of hazardous air
pollutant (HAP) emissions. One method of reducing styrene emissions from vinyl ester (VE)
resins is to replace some or all of the styrene with fatty acid-based monomers. Fatty acid
monomers are ideal candidates because they are inexpensive, have low volatilities, and promote
global sustainability because they are derived from renewable resources. This patent pending
technology allows for the formulation of high performance composite resins with no more than
25 wt% styrene. As a result, these resins are currently being demonstrated/validated under
ESTCP WP-0617 for DoD use in Marines HMMWYV helmet hardtops, Air Force T-38 dorsal
covers, MCM composite rudders for the Navy, and Army tactical vehicles, including HMMWV
hoods, HMMWYV transmission containers, and M35A3 truck hoods. This work has validated the
commercially produced low HAP vinyl ester resins from Applied Poleramics, Inc. for use in
DoD composite structures. Army tests have shown that the established resin formulations meet
the property requirements. The low HAP composites have similar modulus, strength, and short-
beam shear properties relative to composites made using the conventional high HAP vinyl ester
resin and have superior ballistic performance. Yet, AF and Navy testing showed that a very low
HAP resin with 20% styrene had insufficient properties. As a result, an established resin
formulation with 25 wt% styrene is currently being evaluated. Weathering tests are currently
being conducted to determine the environmental durability of the low HAP resins. Next, the
performance of full-scale parts will be rigorously tested to properly demonstrate this alternative
resin technology. For the truck hoods, the ability of this structure to withstand static load, cyclic
load, high service temperatures, and impact will be demonstrated by simulating the forces the
structure would be exposed to in the field. The transmission container will undergo critical tests
to simulate impact, low service temperatures, and assembly, cargo, and storage loads typical
during fielding. The T-38 dorsal cover will be tested as per applicable sections of the Joint
Services Specifications Guide 2006 (JSSG-2006). Following this guide should ensure proper
durability and strength of candidate resins. The flexural and fatigue properties of the composite
rudder will be rigorously tested to assure at least a five year service life. Furthermore, each of
these parts will be fielded in real service conditions. The part performance will be monitored for
damage and compatibility, while being compared to parts made with commercial resins.
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Military coating systems for metals typically consist of an inorganic pretreatment, an epoxy
primer, and a polyurethane topcoat. Designed for harsh environments, including intense
sunlight, corrosive sea water, thermal extremes, exposure to fuel and oxidizers, and damage from
shrapnel, weapons fire, and collisions, these coatings also provide superior barrier properties,
maintain good camouflage (low gloss, etc.), and continue to protect the soldier from chemical
and biological attack. Traditional coating systems contain hexavalent chromium (Cr®") and
produce significant amounts of volatile organic compound (VOC) emissions. However, the latest
OSHA'’s regulations impose strict environmental standards forcing all industrial sectors and the
Department of Defense to reduce VOC and Cr®" exposure limits. As a result, we have examined
the use of the trivalent chromium process (TCP) and non-chromium process (NCP) developed by
NAVAIR to reduce Cr*" use. We have developed modifications to increase corrosion resistance
through the addition of an organic chelating compound and other additives to TCP at low
concentrations. Furthermore, we have performed ISO titration studies on TCP and a hexavalent-
based pretreatment, Alodine 1200, liquid pretreatments and pretreated panels. The results show
that the amount of Cr®" found in TCP samples is 1-2 orders of magnitude lower than that in
Alodine 1200. We have developed water-based topcoats using low contents of fluorinated
additives that improve cleanability, while having no discernible detrimental effects on
performance. We also have reformulated water dispersible CARC to contain essentially no VOC
content through the use of new high performance water dispersible polyols. The performance of
the resulting polyurethanes is similar to that of the current polyurethane, but full military
specification testing has not been completed yet.

This program is funded by SERDP through Project WP-1521.
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YUSHAN YAN, PROFESSOR
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eolites are microporous crystalline aluminosilicates with uniform and molecular sized pores.

They are non-toxic and have been explored for medical applications. We have been
investigating the application of zeolite films as chromium-free protective coatings on aluminum
alloys"™. We have shown that as-synthesized organic template containing high-silica-zeolite
(HSZ) MFI coatings on AA-2024-T3 are non-porous and have excellent corrosion resistance in
strong acids, bases, and pitting aggressive medial" *. We have demonstrated that high silica
coatings including MFI, BEA, and MTW are all good corrosion resistant coatings'”. We have
also shown that the in-situ crystallization coating deposition process we use can coat surfaces of
complex shapes and in confined spaces!). We successfully expanded our investigations to
include other aluminum alloys (6061-T4, 5052-H32, 7075-T6)*! and steels (SS304-2b, S1008,
S4130). We were able to use one simple pretreatment and a single zeolite formulation on all
aluminum alloys and steels to synthesize MFI coatings. Corrosion protection was measured by
DC polarization in several corrosive media. Salt-fog accelerated weathering tests were performed
according to ASTM 117-B on scribed and non-scribed HSZ MFI coated 2024-T3. The non-
scribed HSZ MFI coated 2024-T3 panels had no observable corrosion after more than 2,000 hrs.
continuous salt fog exposure. The scribed HSZ-MFI coated 2024-T3 panels exhibited no
delamaination of the zeolite coating after 1,000 hrs. continuous salt fog exposure and corrosion
was limited to the scribe. The compatibility between zeolite coatings with primer and topcoat
systems has been investigated. A coating system of zeolite-primer (chromated) and zeolite-
primer (chromated)-topcoat passed 3,100 hrs. continuous salt fog exposure with no observable
corrosion and delamination. Currently, ionothermal synthesis of zeolite coatings is being
investigated to reduce autogeneous pressure produced during the current hydrothermal
deposition process for HSZ-MFI coatings. Corrosion resistant zeolite conductive coatings also
are being investigated. Uniform electrical conduction throughout the zeolite coating is conferred
through high density Ni/Au pillars imbedded within the HSZ-MFI coating. Detailed preparation
procedure of the zeolite coatings and their corrosion resistance will be presented.

This work is funded by SERDP as Project WP-1342.
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he results reported in this abstract are based on SERDP Project WP-1341 with the title

“Improved superprimers for DoD applications”. The project started in 2003 and ended in
September 2007. The objective of this project is to develop environmentally-benign coating
systems for alloys used in DoD applications.

Heavy use of hexavalent chromium and VOCs in current primer coatings in DoD and other
industrial applications poses a great threat to the environment. This has led researchers to pursue
development of alternative environmentally-friendly coatings with a comparable performance.
Our approach is to utilize organofunctional silane and waterborne resins, together with
environmental-benign inhibitors, to develop a novel one-step primer coating system (termed
superprimer). In this project, we have developed novolac epoxy-based superprimer and epoxy-
acrylate-based superprimer. Both of them are chromate-free, containing very low VOC, and do
not require any conversion coating. In accelerated corrosion test, these superprimers
demonstrated strong protection for aluminum alloy, HDG, and CRS substrates. Improved
superprimers can provide more than 3,500 hours of protection for AA2024-T3 in ASTM B117
test.

The microstructures of superprimer coatings and the protection mechanism were studied by
different characterization techniques. SEM/EDAX revealed that some superprimers have unique
stratified structure which accounts for their strong corrosion inhibition. Silane was found to
improve adhesion and anticorrosion of the coating. The presence of silane on the interface
between the coating and substrate was confirmed by ToF-SIMS studies. Pigment was found to
leach out when the coating was damaged. The leaching rate of zinc phosphate (a typical pigment
used in superprimers) from the coating was measured. How leached-out zinc phosphate protects
the damaged area was investigated.

Electrodeposition, as a new application method for superprimer, was explored with initial
success. Preliminary study found electrodeposited superprimer coating had a more organized
structure and showed improved performance on certain substrates.
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his ESTCP program (WP-0527), a follow-on to SERDP Project WP-1148, is currently

demonstrating an effective, environmentally benign, repairable coating system using
electroactive polymers (EAPs) as the replacements for chromate conversion coating (CCC)
pretreatments on aluminum and steel alloys. The Naval Air Warfare Center — Weapons Division
(NAWCWD), China Lake, CA is leading this effort in collaboration with Wright Patterson Air
Force Base (WPAFB); Naval Air Warfare Center Aircraft Division (NAWCAD); Patuxent
River, MD; and the Army Research Laboratory (ARL), Aberdeen Proving Grounds, MD.

The EAP polymers, that are being evaluated for this ESTCP program, are poly (2, 5-bis (N-
methyl-N-hexylamino) phenylene vinylene), (BAM-PPV) and poly ((2-(2-ethylhexyl) oxy-5-
methoxy)-p-phenylene) vinylene), (MEH-PPV). Both of these polymers have demonstrated
acceptable performance as military alternatives to CCC on aluminum alloys. Each service (Air
Force (AF), Navy and Army) have nearly completed all laboratory testing prior to field testing
these two polymers. The laboratory testing by each service follows their specific military
requirements for CCC replacements on metals. To date, nearly all NAWCWD/AD laboratory
testing (neutral salt fog, filiform, SO, fog and contact resistance) for BAM-PPV and MEH-PPV
panels has been completed. The AF has done extensive testing of these two polymers using a
VOC-exempt solvent (Oxsol-100). A viable coating was produced with each polymer and could
withstand 168 hours neutral salt fog exposure (ASTM B 117). These two polymers also were
incorporated into standard coating systems (MIL-PRF-23377 and MIL-PRF-85285 APC) and
provided acceptable adhesion performance and corrosion resistance in a neutral salt fog chamber.
The Army adhesion testing for these two polymers has been completed with the MEH-PPV
performing best with Navy primers and BAM-PPV performing best with Army primers. Both
polymer systems (BAM-PPV and MEH-PPV) will be field tested starting in FY07 and
continuing through FYO08 using non-critical equipment from each service.
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Marine biofouling is the undesirable accumulation of microorganisms, plants, and animals
on artificial surfaces submerged in seawater. Biofouling causes unwanted drag, which in
turn leads to significantly higher consumption of fuel by marine interests. Novel,
environmentally friendly multilayer antifouling coatings, based on the control of surface energy
and coating modulus, are being developed to replace traditional toxic copper and tributyl-tin
containing anti-fouling coatings. These multilayer coatings consist of a surface-active block
copolymer (SABC) layer supported by a thick elastomeric layer. This work seeks to tackle both
the energy consumption issues caused by biofouling and the environmental concerns of the
previous generation of marine antifouling coatings.

Polystyrene-block-polyethylene/butylene-block-polystyrene (SEBS) produced by Kraton
Polymers was selected as the bottom rubbery layer. This triblock copolymer provides the
necessary low modulus, corrosion protection, adhesion, and durability needed for a multilayer
coating system. Several approaches to the synthesis of side-chain functionalized SABC have
been developed. Semifluorinated alkyl chains, poly(ethylene glycol), and Zonyl® amphiphilic
fluorosurfactants are all being explored as grafted surface-active side-chains. Spray coating
provides a realistic approach to apply these coating systems onto a ship’s hull, and surface
analysis using X-ray photo electron spectroscopy (XPS), near-edge X-ray absorption fine
structure (NEXAFS), and scanning force microscopy (SFM) has demonstrated that the
elastomeric layer is fully covered by SABC. Biofouling tests are being performed in several
marine labs, and samples have exhibited encouraging antifouling performance with regards to
both soft and hard marine fouling. Promising coating compositions have been identified and
further development is on-going.

Acknowledgement: This work is supported by SERDP WP-1454 with additional analytical
support provided by the Office of Naval Research.

E-23



Weapons Systems and Platforms Poster Number 39 — Tuesday
Coatings/De-Coatings

DEMONSTRATION/VALIDATION OF HIGH PERFORMANCE CORROSION
PREVENTIVE COMPOUND (CPC) FOR INTERIOR AIRCRAFT APPLICATIONS

DR. EL SAYED ARAFAT
NAVAIR
48066 Shaw Road
Building 2188, Unit 5
Patuxent River, MD 20670
(301) 342-8054
elsayed.arafat@navy.mil

he main goal of this ESTCP Project (WP-0615) is to demonstrate and validate a newly

developed high performance, long lasting, corrosion preventive compound (Navguard) for
internal airframe application to minimize the costs attributed to the aging aircraft. Navguard CPC
was developed by NAVAIR through the Office of Naval Research-Future Naval Capabilities
Total Ownership Cost (FNC-TOC) research project. The key benefits of using Navguard CPC
are reducing the VOC emission by 50% or more, eliminating HAPs materials, and reducing the
maintenance intervals for re-application of CPCs. Navguard CPC has been tested through Lead-
The-Fleet demonstration on F-18, Oceana, VA, and EFV, Camp Pendleton, CA. The last field
test inspection for Navguard on F-18, NAS Oceana, showed no sign of corrosion in the applied
test area (24 months exposure). The second field test for Navguard was performed on the
Expeditionary Fighting Vehicle (EFV) at USMC Camp Pendleton, CA, 24 months evaluation
showed no sign of corrosion (Parker Seal Frame). The qualification testing for Navguard
products (manufactured by Armick, Inc. and Corrosion Technologies) to MIL-PRF-81309F
specification has been completed with exception of the storage stability testing.

Navguard CPC has been applied on multiple of platforms, such as H-46 (4), EA-6B (3), EFV (8),
EH-60 (1), UH-1 (1), and F-18 (12) at several DoD (Army, Navy, and Marine Corps)
organizational and FRC locations (Cherry Point, NC, and North Island, CA). For successful
demonstration of the new technology, the demonstration periods will be at least two years and
two-deployments for any carrier-based assets. Service evaluations will be used to document the
results of the Navguard versus currently qualified CPCs. During the first two years, periodic
inspections have been scheduled with Fleet Support Teams and FRC representatives. After
successful demonstration, the new product will be recommended for aircraft maintenance
manuals.

The outcome of this effort should be a significant contribution in the fight against corrosion. The
application of this newly developed product is expected to increase fleet readiness and provide a
significant cost savings to the end user.
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Previous studies have suggested that single-walled carbon nanotubes (SWCNTSs) may pose a
pulmonary hazard. We investigated the pulmonary toxicity of single-walled carbon
nanohorns (SWCNHs), a relatively new carbon-based nanomaterial that is structurally similar to
SWCNTs. Mice were exposed to 30 pg of surfactant-suspended SWCNHs or an equal volume
of vehicle control by pharyngeal aspiration and sacrificed 24 hours or 7 days post-exposure.
Total and differential cell counts and cytokine analysis of bronchoalveolar lavage fluid
demonstrated a mild inflammatory response which was mitigated by day 7 post-exposure.
Whole lung microarray analysis demonstrated that SWCNH-exposure did not lead to robust
changes in gene expression. Finally, histological analysis showed no evidence of granuloma
formation or fibrosis following SWCNH aspiration. These combined results suggest that
SWCNH is a relatively innocuous nanomaterial when delivered to mice in vivo using aspiration
as a delivery mechanism.
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CORROSION COATINGS ON METALLIC SUBSTRATES
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Multifunctional UV (MUV) curable corrosion coatings that contain no volatile organic
compounds (VOCs), no chemicals on the toxic release inventory (TRI) list, and that do not
release any hazardous air pollutants (HAPs) are being developed to replace existing coatings
used on military weapon systems that contain VOC/TRI/HAP chemicals and use hexavalent
chromium as the corrosion inhibitor. Previous efforts have demonstrated the feasibility of using
UV curable coating systems with non-chromate corrosion inhibitors to protect high strength
aluminum alloys against neutral salt spray corrosion out to 1,000 hours. The coatings also have
good pencil hardness and adhesion strength on chromate (CrCC) or cerium conversion coated
(CeCC) Al 2024-T3 substrates. Duplicate experiments have been conducted to verify the initial
results. Follow on efforts also have used trivalent chromium passivation (TCP) and bare Al
2024-T3 panels with MUV coatings for comparison with CrCC and CeCC. Three different
corrosion inhibitors were evaluated in MUV coatings and the results were compared to
commercially available chrome and chrome-free coating systems. Results indicated that the
performance of the MUV coatings was affected by the type of corrosion inhibitor more than any
other factor. While two of the corrosion inhibitors were ineffective at preventing corrosion on
MUV coated Al 2024-T3 substrates during ASTM B117 salt spray testing, one corrosion
inhibitor was able to prevent corrosion on scribed Al 2024-T3 panels out to 3,000 hours of
neutral salt spray testing. The best MUV coating was as good as or better than the chrome and
chrome-free coated panels subjected to the same test conditions. In general, the performance of
the MUYV coating, with the effective corrosion inhibitor, was best on CrCC coated panels; but
CeCC and TCP panels also performed well in certain cases. The non-conversion coated, bare Al
-2024-T3 panels with a MUV coating showed significant blistering. Optimization of the
performance of the MUV with the effective corrosion inhibitor is on-going.

This work was funded through SERDP Project WP-1519.
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klahoma City Air Logistics Center (OC-ALC), Headquarters Air Force Material Command

(HQ AFMC/LGPE), and the Air Force Research Laboratory (AFRL) are currently leading
the Robotic Laser Coating Removal System (RLCRS) program to demonstrate and validate a
RLCRS, as an alternative technology, to the current chemical and mechanical methods that are
used to remove coatings from large off-equipment aircraft components at Tinker Air Force Base,
OK. This project will demonstrate the ability of this technology to meet the requirements for
coatings removal in a production environment as well as the pollution reduction that can be
achieved through its use across the Department of Defense (DoD). The RLCRS system will be
designed to accommodate processing of large parts that are currently subjected to coatings
removal operations once they are removed from the airframe. This project is funded by the
Environmental Security Technology Certification Program (WP-0526) and HQ AFMC.

This technology has the potential to reduce the environmental burden associated with coatings
removal operations while reducing the labor and chemical costs and positively impacting the
production schedule. The implementation of the RLCRS also will provide the maintenance
facility with the flexibility to remove coatings from components of various sizes and geometries
using a single system.

Integration of the various components into the robotic system has been completed at Concurrent
Technologies Corporation (CTC) Demonstration Factory in Johnstown, PA. So as to avoid
interruptions to the depot production schedule, the system will be assembled, debugged, tested,
and validated at these facilities prior to implementation at OC-ALC. Debugging of the control
system, operational testing of all of the components, and system optimization testing has been
completed. The optimization testing resulted in settings that allow the system to strip a 10 mil
thick coating at a rate of greater than 1 ft*/min while keeping substrate temperatures below the
300°F temperature limitation. Following optimization, testing of the material compatibility
testing of the effects of operation of the system on various substrates began. This material
compatibility testing is being performed on aluminum and metallic honeycomb panels which are
undergoing four coating/laser stripping cycles, in accordance with the approved Joint Test
Protocol (JTP). Currently this testing is in the second stripping cycle.
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he Air Force, Navy, and commercial airline industry have funded numerous studies to

identify and evaluate non-chemical, environmentally friendly technologies or processes for
safely and efficiently removing degraded sealants and specialty coatings from the internal and
external surfaces of aircraft structures. Technologies have included mechanical (i.e., pressurized
water, bio-based and nano-engineered dry media blends, ultrasonic scrapers, and bristle brushes),
light energy (i.e., handheld lasers and Flashjet), as well as various combinations of these
processes. Advantages and disadvantages have been identified for each process; however, the
underlying conclusion from these studies is that there is no one technology, method, or procedure
that efficiently removes the various types of sealant or specialty coating materials without the
risk of damaging the underlying substrates or surface sealants.

The subject ESTCP-funded project (WP-0621), led by the Air Force Research Laboratory, has
focused on identifying, qualifying, demonstrating, and validating an environmentally friendly
(contains no TRI chemicals, no HAP, or chlorinated compounds) substitute material or product
for removing sealants, adhesives, and specialty coatings from aircraft structures. Candidate
materials examined are Commercially-Off-The-Shelf (COTS), and being assessed on how
effectively each material removes different sealants (e.g., polysulfide and polythioether) used by
Air Force, Navy, and commercial aircraft maintenance, repair, and overhaul (MRO) facilities.
Structural aerospace materials included in all process assessments and field demonstrations are
2024-T3 aluminum alloy and two types of composites.

To date, the project has completed baselining procedures performed at USAF and NAVAIR
MRO facilities, downselected vendors for further screening, and an initiation of a controlled set
of laboratory testing of these COTS materials on selected samples. The laboratory testing phase
of this project is scheduled to conclude in mid-October, with field-level demonstration/validation
testing to be performed in January of 2008.

The poster presented at this session will detail the results achieved thus far, and will also report
on anticipated demonstration/validation activities.
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he Department of Defense (DoD) currently spends millions of dollars each year to procure,

use, and dispose of toxic and hazardous materials associated with the use of solvent-borne
organic paint coatings for corrosion protection. Powder coatings have the potential to eliminate a
significant amount of the toxic and hazardous materials used in the aerospace industry during
application of corrosion protection coatings. Powder coatings are a VOC/HAP-Free alternative to
solvent-based paints and feature performance properties equal to or better than specification
driven solvent-based coatings such as MIL-C-22750 (epoxy) and MIL-C-85285 (polyurethane).
High temperature cure powder coatings meeting DoD performance requirements have been
commercially available for many years and have been utilized extensively on DoD hardware
such as tactical missiles. However, although numerous aircraft, weapon systems, and ground
support equipment could benefit from corrosion resistant powder coatings, they are made from
temperature—sensitive materials, such as low-tempered aluminum or composites, and simply
cannot withstand traditional high temperature cure (300°F - 400°F) powder coatings. Over the
last few years, lower temperature curing powders (less than 300°F) have become available
having a 280°F maximum allowable cure temperature. One such low temperature powder
coating, developed under SERDP (Project WP-1268) by GE Global Research and Crosslink
Powder Coatings, targets the displacement of military paints conforming to MIL-C-85285 in
non-critical military support applications. The objective of the ESTCP Low Temperature Powder
Coatings project (WP-0614) has been to build on the work already accomplished by the previous
SERDP Project and demonstrate, validate and successfully implement low temperature powder
coatings on DoD production hardware in a depot production environment. The current
demonstration is verifying the environmental and economic advantages of the proposed
technology relative to the currently utilized technologies and is validating that the new
technology is better in terms of cost, schedule, and performance when compared to the baseline
solvent-based coatings. Laboratory coupon validation testing is completed, and target hardware
is selected that will be coated with the ESTCP powder coating. These will be engine gearboxes,
engine starter cases, and ground support equipment carts. Additionally, a Field Service
Evaluation is being performed to evaluate how well the powder coating behaves on operational
equipment in the field. The expected benefits of this project to the DoD are: Greener—no VOC’s
or HAP’s, Safer—minimized worker exposure to hazardous materials, Less Expensive—powder
coatings eliminate the disposal of solvents and hazardous wastes.
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his ESTCP Pollution Prevention project (WP-0407) addresses the reduction of hazardous

chemical/waste by employing non-destructive techniques to inspect aircraft interior and
exterior structures through coating, thus reducing the amount of stripping and repainting that
occurs at military rework facilities. It is anticipated that hazardous pollutants will be
significantly reduced by eliminating scheduled organic coating removal and moving to a process
where IR inspection results will be used to determine when and if coating removal is required.

The technology exploits an optically transparent spectral window in military paint systems
within the Mid-IR spectrum and also the difference in infrared (IR) reflection properties between
corroded and non-corroded metallic surfaces. The IR energy passes directly through the coating
and then reflects off the metallic substrate back through the coating and into an IR camera. Since
the corroded areas do not reflect the IR energy as well as the non-corroded areas, a picture or
image is generated by the IR camera much the same as observing the corrosion under standard
visual techniques.

The demonstration and validation measurements at NAVAIR Jacksonville and Oklahoma City
Air Logistics Center on P-3, B-52, and KC-135 aircraft illustrate clearly that the IR imaging is an
improved method of corrosion inspection compared to the visual inspection method. IR imaging
will give engineering and corrosion control personnel the capability to make sound decisions
regarding coating removal based upon improved detection of corrosion through coatings. A
level of 70-80% accuracy was achieved with this technique as compared to the 5-25% accuracy
of the visual inspection method.

The cost and environmental benefit criteria for pollution prevention was projected and applied
based on actual usage data of materials plus projected waste savings scenarios from the
demonstration and validation measurements at NAVAIR Jacksonville and Oklahoma City Air
Logistics Center. The study, based upon a medium sized aircraft (6,500 square feet surface
area), confirms a potential environmental savings of 300,000 pounds of Volatile Organic
Compounds, 2,500 pounds of Chromates, and 1,100,00 pounds of Hazardous Materials can be
saved for a fleet of 100 aircraft over a four year period. Additionally, labor and material savings
of $135,000 per aircraft can be realized. Technology deployment across DoD platforms and
weapon systems can result in an estimated 15 year savings of 2M pounds VOC, 7M pounds
Hazmat, 20K pounds Chromate and a $115M cost avoidance.
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Foster—Miller (FMI), Deft, Inc. and Northrop Grumman (NGC) are working to develop an
environmentally benign surface pretreatment, primer, and topcoat system for aircraft
applications. FMI has a patented chemistry for single-component coating formulations that
contain no VOC, HAP, or TRI constituents and cures rapidly by chemical reaction on exposure
to UV irradiation. FMI is using this coating chemistry in conjunction with Deft’s proprietary
corrosion inhibiting pigments to develop high-performance materials that will ultimately
comprise a corrosion inhibiting coating system that doesn’t contain VOCs, HAP, or SARA 313-
reportable chemicals. Specifically, we are developing sprayable, UV-curable corrosion-
inhibiting primers and high-performance topcoats that will provide superior protection to
aluminum substrates even when non-chromated surface pretreatments are employed. Further, a
one-coat formulation will be developed in an attempt to combine the corrosion inhibiting
properties of the primer and superior durability of the topcoat into a single, high-performance
coating. Work done to date and results obtained will be presented.

This work is funded by SERDP through Project WP-1520.
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he U.S. Military consumes approximately 46.6 million operational rations each year

generating over 14,000 tons of packaging waste. Due to the operational requirements for
combat rations (i.e., air-droppable, minimum three year shelf life at 80°F, six months at 100°F
for MREs), the rations must be packaged appropriately to meet these requirements. Shipping
containers fabricated from fiberboard are necessary to safely transport and store food and other
military items to all the Services. However, there are numerous disadvantages in the process used
to produce paper and fiberboard: the process is costly, uses hazardous chemicals, depletes natural
resources in our environment, and creates hazardous waste.

A SERDP project (SI-1479) “Lightweight and Compostable Packaging for the Military” is
funded for FY06-FY09 to develop new environmentally friendly, lightweight biodegradable
fiberboard that can be converted to a valuable byproduct, compost.

In particular, some of the research focuses on producing a medium density fiberboard (MDF)
using soybean protein-based adhesive to replace the existing MRE fiberboard. The soy protein
adhesive was developed using modified soybean flour. Commercial wood fibers were mixed
with 15% soy protein solution, and then were processed into fiberboard using a hot-press. This
fiberboard had a medium density at about 0.73 g/cm” in comparison to the military fiberboard
(V2S) density of 0.81 g/cm®. The biodegradable MDF had stronger internal bond, modulus of
rupture, and modulus of elasticity in comparison to V2S. The MDF had significantly lower linear
and thickness expansion, and higher wet strength than those of current V2S board.

Simultaneously, corrugated fiberboard coated with a biodegradable material is also being
investigated as an alternative. Compression tests of the boxes show that it is comparable to the
existing military solid fiberboard boxes. In addition, compost studies demonstrate that these
fiberboard samples and their components are readily biodegradable. This research suggests that
the biodegradable fiberboard has great potential as alternative secondary packaging for the
military.
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lastic packaging materials represent a significant portion of the world plastics consumption,

estimated in excess of 300 billion lbs in 2004. In North America alone, consumption of
plastic shrink/stretch film is estimated to be over 1.5 billion Ibs/year by 2006, and foamed
product consumption is estimated at 8.5 billion lbs/year by 2006. While these packaging
materials are low-cost and effective, the logistics of managing packaging waste is becoming
increasingly problematic and costly. Military operations in remote areas and/or foreign countries
face serious logistic hurdles dealing with large volumes of packaging waste.

The objective of this project is to demonstrate the applicability of biodegradable PHA Natural
Plastics for foamed packaging and stretch/shrink film applications. PHA packaging foams and
stretch/shrink films that match form and function of existing packaging materials will be
produced and tested for functional performance and biodegradability. In order to produce PHA
film and foamed packaging products, Metabolix will develop PHA formulations with the proper
physical and rheological properties. For packaging foam products, a balance between elastic and
viscous polymer melt properties will be obtained to achieve low density and acceptable foam cell
structure. Rheological properties will be optimized for cell formation, the key aspect in foaming.
For pallet wrap products, which are typically stretch or shrink film, a suitable PHA formulation
will be developed that has the proper mix of tensile and tear strength, puncture resistance, and
stretch-ability to match performance of existing polyolefin stretch films.

PHA Natural Plastics are produced by Metabolix from renewable agricultural resources.
Because they are biodegradable in marine and soil environments, products made with PHAs can
be disposed of easily and without any adverse environmental impacts. Non-hazardous solid
packaging materials are used by DoD personnel in virtually all aspects of operations. Using
PHA Natural Plastics packaging materials instead of conventional petrochemical plastic
packaging materials will dramatically reduce solid waste management problems such as
transport and disposal. PHA Natural Plastics are ideally suited for use in packaging application
due to the range of physical properties attainable, water resistance, heat resistance, strength, and
barrier properties. Other biodegradable materials, particularly starch-based materials, do not
have the required water resistance, temperature resistance, or range of properties needed for film
and foam packaging applications. PHAs biodegrade benignly to CO, and water with no residual
toxic byproducts, allowing DoD forces to minimize the environmental impact of their presence.
Metabolix is currently receiving SERDP funds for this effort (SI-1478).
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Asystematic study has been conducted to establish a rational mix design method for
proportioning concrete utilizing recycled lead-contaminated aggregate for field
construction. Different types of masonry materials (concrete blocks and clay bricks) were
painted and crushed to simulate lead-based paint (LBP)-contaminated masonry materials.
Physical properties of the masonry materials were measured as well as total and leachable lead.
Two different kinds of cement, ordinary portland cement and phosphate cement, were selected
for sequestering LBP in recycled aggregate. A concrete mix design matrix was developed to
have three water-to-cement ratios, three aggregate-to-cement ratios, two types of cements, and
four types of masonry materials. Concretes with different aggregate-to-cement ratios (3, 4.5, and
6) and different workability levels (slump of 17-2”, 3”-4”, and 6-7”) were included in the mix
design nomograph development. Workability and compressive strength at different ages were
measured for various concrete mixes. The toxicity characteristic leaching procedure (TCLP) test,
California Waste Extraction Test (WET), and total lead test were used to determine the
leachability of lead from the different concrete mixes. Results showed that concretes with
recycled aggregate have relatively lower compressive strength compared with concretes with
natural aggregate. The compressive strength varied for different cement and masonry material
types and content. The results showed that, in nearly all of the mixes, TCLP lead was less than
5 mg/L, which means that they are not hazardous wastes according to the Resource Conservation
and recovery Act (RCRA). Portland cement, was found to be able to effectively sequester LBP in
the recycled aggregate because of the high alkalinity. The developed mix design nomograph can
be used to ensure the proper selection of mix proportions that meet workability and strength
requirements for concrete construction and to abate the lead hazard in recycled aggregates.
Successful research results can significantly reduce the cost and environmental impact of DoD
construction and deconstruction projects.

SERDP Project Number SI-1548

E-34



Sustainable Infrastructure Poster Number 49 — Tuesday
Facilities Management — Facility Waste

DETERMINING ENVIRONMENTAL SOLUBILITY OF PB FROM RECYCLED
CONCRETE AGGREGATE

STEPHEN D. COSPER
ERDC-CERL
Attn: CEERD-CN-E
2902 North Newmark Drive
Champaign, IL 61822
(217) 398-5569
stephen.cosper@us.army.mil

CO-PERFORMER: Richard G. Lampo (ERDC-CERL)

he military has many concrete buildings constructed from the 1950s through the 1970s
which are being replaced with contemporary complexes. This contributes greatly to, and can
be the majority of, an installation’s solid waste generation.

The past few years have seen a growing trend to reduce C&D waste by reusing or recycling of
the materials available in excess buildings. Large Army installations have a continuous need for
aggregate. The presence of LBP, however, presents regulatory uncertainly to the reuse for some
of these building materials. This material is not a “waste,” therefore RCRA definitions and
numerical limits do not apply.

This study attempts to model real world applications of recycled concrete aggregate (RCA) with
some Pb content. RCA was obtained from Fort Jackson, SC, derived from a building of known
dimensions and paint history. Extraction experiments were set up to model Pb dissolution from
common RCA reuse profiles.

It is hoped this work will remove some of the uncertainty of reusing RCA with LBP, and help to
dramatically increase on-post use of RCA.

SERDP Project Number SI-1549
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Due to the toxicity and high biological oxygen (BOD) and chemical oxygen demand (COD)
of urea, the DoD and commercial airports have switched to organic salts, such as,
potassium acetate, sodium or potassium formate, or propylene glycol (PG) runway deicers, and
anti-icers. The acetate and formate deicers have a much lower BOD than PG and are
significantly cheaper, but are unacceptably corrosive to runway and aircraft components. PG
deicers are more slippery than desirable. In recent SAE G-12 Subcommittee meetings, there has
been serious concern expressed about the more commonly used potassium acetate and formate
deicers because of the corrosion of very expensive carbon-carbon brake pads as well as landing
gear components containing cadmium. These concerns are likely to lead to the use of larger
quantities of toxic corrosion-inhibitors and/or the use of less corrosive but high-BOD
alternatives. Therefore, both the environmental and material compatibility concerns are currently
threatening the runway maintenance and aircraft availability for both DoD and commercial
sectors.

The objective of SERDP Project SI-1535 is to develop and evaluate novel chemistry to formulate
Runway deicing fluids (RDFs) from bio-based raw materials. These new RDFs are expected to
exhibit improved environmental and anti-corrosion properties with deicing performance being
comparable to currently-available RDFs. The project activities include RDF preparation,
conventional and specialized performance testing, and a cost-benefit analysis.

During the first year of this project, three new RDF formulations have been prepared. Two of the
formulations have been fully certified under AMS 1435A. The results of this testing, as well as
carbon-carbon brake pad oxidation testing, are very encouraging.
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esearchers from the Naval Facility Engineering Service Center (NFESC), NASA-Kennedy

Space Center (NASA), University of Central Florida (UCF), and Geosyntec are working on
an ESTCP-funded technology demonstration project (SI-0610) to demonstrate the efficacy of a
Bimetallic Treatment System (BTS) to remove and rapidly degrade polychlorinated biphenyls
(PCB) found in structural coatings.

The BTS technology, which consists of elemental magnesium coated with a small amount of
palladium in a solvent solution capable of hydrogen donation, has two functions: (1) to extract
PCBs from weathered, decades-old coating material such as paint, and (2) to rapidly degrade the
extracted PCBs. Prior to 1979, PCBs were extensively used in industrial paints, caulking
material and adhesives. Researchers from NASA and UCF previously demonstrated rapid and
complete dechlorination of PCBs in aqueous/solvent systems containing Aroclors 1254, 1260,
and 1268 (specific PCB mixtures). Significant, if not complete, PCB extraction and degradation
from paint chips with total PCBs as high as 11,000 ppm has been achieved with as little as 48
hours of exposure. The solvent in BTS is used to open, but not destroy the polymeric lattice
structure of the paint, allowing pathways for PCB movement out of the paint and into the
solvent. Because of the wide variety of structural properties associated with each specific PCB-
laden coating, the choice of solvents incorporated into BTS is specific to the material being
treated. Additional BTS formulation properties that must be addressed for each site-specific
application include viscosity and stability.

This paper will address the pre-demonstration laboratory testing conducted at all three of the
demonstration sites and the field testing conducted at the first of the demonstration sites, the
Vertical Integration Building (VIB), Cape Canaveral, Florida. Pre-demonstration laboratory
testing was conducted to evaluate the concentrations of PCBs in the various materials tested at
each facility, including paint, adhesives, caulking, and rubber gaskets material, and to determine
which BTS formulation would work best for each material. The demonstration goal was to reach
PCB concentrations below the Toxic Substances Control Act limit of 50 parts per million (ppm)
in the paint on all structures tested. Details of the results from the field demonstration at the VIB
will be presented.
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erious environmental concerns have arisen from aircraft hangar fire suppression foam system

discharge tests. These concerns stem from hundreds of thousands of gallons of aqueous film
forming foam (AFFF) wastewater that is generated during testing. As a result of these
environmental concerns, foam discharge checks are not being performed and has a negative
impact on the facility mission readiness. As a result, the Navy has developed a real time
evaluation NoFoam System that tests the aircraft hangar fire suppression system without
releasing AFFF to the environment. This technology allows the activity to test the fire
suppression system

The Naval Facilities Engineering Service Center (NFESC) is demonstrating and validating the
NoFoam System for aircraft hangar fire suppression foam systems. This is being done under the
sponsorship of the Environmental Security Technology Certification Program (ESTCP) and
Naval Facilities Engineering Command (NAVFAC), project number SI-0525. The NoFoam
System hardware is installed on a mobile platform and uses an environmental benign dye-water
or water, providing a valid foam discharge array test that eliminates AFFF release. The
technology provides real-time online measurements of discharge rates and requires no specially
trained personnel to interpret the resulting data. Validations will be conducted at Arizona Air
National Guard, Arizona (Tucson); Tyndall Air Force Base, Florida; Fort Belvoir, Virginia;
Naval Air Station Lemoore, California; and Marine Corps Base, Hawaii (Kaneohe).

DoD cost savings will be accrued from eliminating AFFF wastewater collection and disposal and
replenishment of spent AFFF concentrates during annual and maintenance discharge checks.
DoD mission readiness will not be jeopardized.
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Rotary wing aircraft training operations are one of the military’s major unique fugitive
particulate matter (PM) sources. We developed a monitoring protocol to measure PM
emission factors from rotary wing aircraft operations and conducted a field campaign at Yuma
Proving Grounds (YPG) in May 2007. We evaluated PM emissions at six different rotary wing
aircraft speeds and at two different YPG helicopter test sites. One of the test sites had a desert
pavement surface and the other a heavily disturbed desert soil surface. We combined several
Optical Remote Sensing (ORS) instruments into an ORS measurement system for characterizing
fugitive PM plumes. The ORS instruments included a Micro Pulse Lidar, two Fourier Transform
InfraRed spectrometers, and two Laser Transmissometers. We used the ORS measurement
system to construct time dependent two-dimensional size-specific mass concentration profiles of
each fugitive PM plume. The PM mass concentration profiles from the plumes were then
integrated with concurrent wind data to generate PM mass fluxes and PM mass emission factors.
In this poster, we’ll discuss the new ORS measurement protocol for developing rotary wing
aircraft emission factors, analyze the relationship between emission factors and operational
conditions (e.g., aircraft speed, surface conditions), and assess the impact of rotary wing aircraft
in terms of national fugitive PM generation. We’ll compare the results from the ORS
measurement system with those from conventional in-situ measurements provided by the Desert
Research Institute (DRI) from work on SERDP Project SI-1399. We will also compare rotary
wing aircraft emission results with those from artillery back blasts and tracked vehicles.

This is an active SERDP project (SI-1400).
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