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Accomplishments
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Goal:  Improve safety of DOE nuclear facilities 
while also reducing operational costs

Ceramic filters can simplify and reduce the cost of 
safety- and filter-support systems for operations
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Conventional Filters

Susceptible to thermal and water damage, limited burst strength

DOE Needs Analysis:

• 100% of knowledgeable 

nuclear air cleaning 

professionals believe HEPA 

filter media strength is 

very, or extremely, 

important

• 92% believe it is important to 

develop  alternatives to 

current  glass-fiber filters
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• Survived prolonged 
exposure to elevated 
temperatures 
(500oC) with no 
statistical difference 
in filtration efficiency

LLNL Ceramic Filter Development

Ceramic Filters

(M. Mitchell)

Ceramic HEPA
Filters

HEPA Overwrap 

(J. Haslam)

MTC Media

(J. Kelly)

Advanced 
Manufacturing

(M. Ceron)

Ceramic 
Prefilters

Sealants

(A. Hoff, M. Ross)

Cured @ 110°C under N2 Sintered
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▪ Variations
— Framed vs. unframed
— Application temperatures
— Type A – Overwrap design (ceramic media on ceramic supports)
— Type B – Unsupported media (no support structures)
— Type C – Monoliths

Impact on DOE Guidance
Informs ASME AG-1 Code on Nuclear Air and Gas Treatment 
Section FO Ceramic Media Filters (in development)
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MTC Filter Development
NSRD-12 (100% complete), NSRD-20 (90% complete), NSRD-31 (15% complete)

DOE NSR&D has been instrumental support for early-stage R&D needed to facilitate 
transitioning to other funding mechanisms (e.g., technology commercialization funding)

NSRD-12 NSRD-20, 31

Project Objectives

NSRD-12 Demonstrate MTC media can reduce dP, MTC media process development

NSRD-20 Evaluate alternative manufacturing methods, test MTC filter prototypes

NSRD-31 Pilot-scale production of MTC media, improve filter integration strategies
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Analysis of alternative manufacturing methods

▪ Most efficient 
production rate at 
lab-scale

▪ Enables rapid 
testing of 
engineering 
prototypes

▪ Greater design 
freedom

▪ Can provide 
support to 
electrospun media

▪ Low dP

▪ Need to improve 
filtration efficiency

▪ Provides best 
filtration efficiency

▪ Lab-scale spinning 
is inefficient and 
needs to be scaled

▪ Post-processing 
needs to be 
automated
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Need to improve filtration performance of media prepared by DIW

Trends assume each DOF interval has the same efficiency
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Current efforts to improve DIW (NSRD-31) 

▪ Using dual pore formers and resulting in nano, micro, macro 
porosities to improve performance

▪ E.g., concept based on Muth et. al. 2017 (Harvard, MIT) 5 um

Additional porosity scales expected to improve performance 
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▪ MTC Surrogate Filter

▪ Fiberglass HEPA media formed 
into ¼” tubes

▪ Up to 10” DOF

▪ Enables further exploration of 
design principles

▪ Enables testing basic 
assumptions on filtration 
efficiency (each DOF interval 
has the same efficiency of 
remaining aerosol) 

Built surrogate filter using conventional HEPA media to test performance assumptions
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MTC Surrogate Filter Test Results
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MTC Surrogate Filter Test Results

Will be measuring a MTC filter with 1-2” DOF in the near future

▪ Initial 
assumptions were 
too conservative 
(FE appears to be 
linear with DOF)

▪ Only need 1-2” 
DOF of MTC 
media for HEPA 
filtration

▪ Alternatively, can 
modify MTC 
media to further 
reduce dP
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MTC filter tests
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Current efforts on scaling (NSRD-31 activities)

Currently working towards eliminating competing bottlenecks

Automating post-processingR2R Electrospinning
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Related Projects

▪ Filter/scrubber combination ▪ High-temperature sealants
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▪ Several MTC-based filters have been constructed and tested
— Still establishing design principles to optimize dP and FE
— Important for retrofitting

▪ Pressure drop reductions
— MTC geometric factors
— Permeability (e.g., solid wall vs. porous wall)

▪ Pressure drop increase
— Flow rate
— DOF

▪ Filtration efficiency
— Appears linear with DOF
— Prior estimate of 6” DOF to achieve HEPA filtration with MTC media expected 

to be too conservative
— Update to assumption based on measured data of MTC surrogate filter 

suggest 1-2” DOF is required (or gives more design margin to control dP)

▪ Need to scale and automate processes

Summary and Outlook




