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Boron Nitride Nano-Photocatalyst 
Membrane Filters for the Degradation of 
Aqueous PFAS to CO2 and Fluoride 

OBJECTIVE 
The objective of this effort is the optimization 
of a photocatalytic degradation system, 
converting polyfluoroalkyl substances (PFAS)-
impacted waste streams, such as impacted 
drinking water, saltwater, bilge water, and 
Aqueous Film Forming Foam (AFFF) 
concentrates, to carbon dioxide (CO2) and 
inorganic fluoride using boron nitride 
nanomaterials. 

PROBLEM STATEMENT 
Recent studies have underscored the need to 
evaluate byproduct formation when using 
incineration for PFAS remediation. Other 
emerging PFAS remediation technologies are 
either expensive or only focus on PFAS 
separation from the media/waste stream, 
leaving the chemicals intact. 

DESCRIPTION 
This project focuses on the development of a 
continuous photocatalytic system to degrade 
aqueous-phase PFAS into harmless 
byproducts—CO₂ and inorganic fluoride—using 
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Flow reactor that will be used in the demonstration of photocatalytic degradation of PFAS. 
(Photo credit: Patrick Fedick, PhD) 
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ultraviolet (UV) light and hexagonal boron 
nitride nanomaterials (BNNMs). Unlike thermal 
methods, which often produce incomplete 
degradation and secondary waste, this 
approach ensures complete breakdown. High 
surface area BNNM filters—comprising 
nanotubes, flakes, sheets, nanocages, and 
more—will be fabricated and optimized for 
enhanced catalytic activity and durability. These 
membranes will be integrated into a continuous 
flow reactor system with real-time mass 
spectrometry monitoring to track degradation 
products and reaction progress. 

In the first year, membranes will be created 
through electrospinning BNNM/polymer fibers, 
followed by removal of the polymer or 
conversion into hybrid ceramic matrices for 
improved catalytic performance. Two reactor 
designs—internal and external UV sources—will 
be tested. Real-time degradation monitoring will 
be conducted using continuous flow nano-
electrospray ionization mass spectrometry (cf-
nESI-MS), enabling precise tracking of PFAS 
breakdown, intermediates, and reaction 
pathways. Initial testing will focus on aqueous 
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ABOUT THE NESDI PROGRAM 

The Navy Environmental Sustainability Development to Integration (NESDI) program is the Navy’s environmental research and 
development demonstration and validation program, sponsored by Office of the Chief of Naval Operations (OPNAV) Compliance 
and Mission Readiness Division (N4I1) and managed by the Naval Facilities Engineering Systems Command (NAVFAC) from the 

Engineering and Expeditionary Warfare Center (EXWC) in Port Hueneme, CA. 
 

The mission of the NESDI program is to support Fleet readiness by minimizing operational constraints associated with 
environmental and human health risks and to reduce cost of environmental compliance by demonstrating, validating, and 

integrating innovative technologies, processes, materials, and by filling knowledge gaps. 
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 Perfluorooctanoic acid (PFOA) 
solutions, with the goal of 
achieving continuous, real-time 
PFAS destruction by the end of the 
first year. 

Year two will expand testing to a 
broader range of PFAS 
compounds, mixtures, soil 
extracts, AFFF reserves, and real 
DoD waste streams. Kinetic data 
and degradation products will be 
cataloged to build a reference 
database, enabling non-experts to 
operate the system. The project 
will also aim to remediate 100 
gallons of PFAS-impacted water, 
explore reactor multiplexing, and 
assess the scalability, durability, 
and reusability of larger BNNM 
membranes. 

RETURN ON INVESTMENT 
Though initially designed for 
treating PFAS-impacted water, this 
technology has the potential for 
broader applications. It can be 
adapted to remediate PFAS 
residues in firetrucks and fire 
suppression systems—common 

sources of issues due to historical 
AFFF use. With the addition of 
liquid extraction steps, it can also 
be applied to treat impacted soils, 
further expanding its utility at 
impacted sites. 

The system's low cost, modular 
design, and portability make it well-
suited for deployment across a 
variety of Navy installations, 
including remote or resource-
limited locations. Its versatility and 
effectiveness offer a scalable 
solution that could save the Navy 
tens of millions of dollars in 
cleanup, disposal, and long-term 
liability costs. Importantly, it also 
fills a critical gap in managing and 
disposing of legacy AFFF 
stockpiles. 

NAVY BENEFITS 
The proposed system is scalable 
and adaptable to Navy site needs, 
with BNNM reactor multiplexing 
offering a cost-effective alternative 
to other PFAS cleanup methods. It 
fully breaks down PFAS into 
harmless CO₂ and fluoride, 

avoiding harmful byproducts often 
produced by thermal destruction. 
BNNM membranes can also 
degrade other tough chemicals of 
concern, like chlorinated 
compounds and hydrocarbons, in 
water. 

Real-time monitoring using 
advanced mass spectrometry will 
track chemical concentrations, 
measure system performance, and 
guide the cleanup process. 

TRANSITION DESCRIPTION 
A final report and standard 
operating procedure (SOP) will 
support easy implementation 
across Navy sites. 

CONTACT 
For more specific information 
about this project, contact the 
Principal Investigator at 
patrick.w.fedick.civ@us.navy.mil. 

http://www.navfac.navy.mil/nesdi

	OBJECTIVE
	The objective of this effort is the optimization of a photocatalytic degradation system, converting polyfluoroalkyl substances (PFAS)-impacted waste streams, such as impacted drinking water, saltwater, bilge water, and Aqueous Film Forming Foam (AFFF)...
	PROBLEM STATEMENT
	Recent studies highlight the significant downstream challenges of remediating PFAS through incineration by creating harmful byproducts. Other emerging PFAS remediation technologies are either expensive or only focus on PFAS separation from the media/w...
	DESCRIPTION
	This project focuses on the development of a continuous photocatalytic system to degrade aqueous-phase PFAS into harmless byproducts—CO₂ and inorganic fluoride—using ultraviolet (UV) light and hexagonal boron nitride nanomaterials (BNNMs). Unlike ther...
	In the first year, membranes will be created through electrospinning BNNM/polymer fibers, followed by removal of the polymer or conversion into hybrid ceramic matrices for improved catalytic performance. Two reactor designs—internal and external UV so...
	Year two will expand testing to a broader range of PFAS compounds, mixtures, soil extracts, AFFF reserves, and real DoD waste streams. Kinetic data and degradation products will be cataloged to build a reference database, enabling non-experts to opera...
	RETURN ON INVESTMENT
	Though initially designed for treating PFAS-impacted water, this technology has the potential for broader applications. It can be adapted to remediate PFAS residues in firetrucks and fire suppression systems—common sources of issues due to historical ...
	The system's low cost, modular design, and portability make it well-suited for deployment across a variety of Navy installations, including remote or resource-limited locations. Its versatility and effectiveness offer a scalable solution that could sa...
	NAVY BENEFITS
	The proposed system is scalable and adaptable to Navy site needs, with BNNM reactor multiplexing offering a cost-effective alternative to other PFAS cleanup methods. It fully breaks down PFAS into harmless CO₂ and fluoride, avoiding harmful byproducts...
	Real-time monitoring using advanced mass spectrometry will track chemical concentrations, measure system performance, and guide the cleanup process.
	TRANSITION DESCRIPTION
	A final report and standard operating procedure (SOP) will support easy implementation across Navy sites.
	CONTACT
	ABOUT THE NESDI PROGRAM


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



