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PRESENTATION FORMATPRESENTATION FORMAT

•• DenuderDenuder TheoryTheory

•• Motivation and ObjectivesMotivation and Objectives

•• Theoretical BasisTheoretical Basis

•• Laboratory EvaluationLaboratory Evaluation

•• Ambient Air EvaluationAmbient Air Evaluation

•• ConclusionsConclusions
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Gases and ParticlesGases and Particles--Normal FiltrationNormal Filtration
Flow



Center for Environmental Research and Technology

University of California, Riverside
Bourns College of Engineering

Gases and ParticlesGases and Particles--Annular Annular DenuderDenuder
Flow
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Gases and ParticlesGases and Particles--FabricFabric DenuderDenuder
Flow
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MOTIVATIONMOTIVATION

•• Nitric acid and ammonia are important air pollutants Nitric acid and ammonia are important air pollutants 

•• RealReal--time analyzers are expensive and/or unreliabletime analyzers are expensive and/or unreliable

•• Collection methods must use diffusion denuders to Collection methods must use diffusion denuders to 
avoid particulate collectionavoid particulate collection

•• Existing diffusion denuders were expensive, required Existing diffusion denuders were expensive, required 
skilled extraction, and were not readily adapted to skilled extraction, and were not readily adapted to 
different flow ratesdifferent flow rates
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OBJECTIVESOBJECTIVES

•• Develop a low cost denuder suitable for routine Develop a low cost denuder suitable for routine 
measurements of nitric acid and ammonia and measurements of nitric acid and ammonia and 
preserve particulate aciditypreserve particulate acidity

•• Evaluate the denuder under laboratory conditionsEvaluate the denuder under laboratory conditions

•• Evaluate the denuder under ambient conditions Evaluate the denuder under ambient conditions 
by comparison with spectroscopic methodsby comparison with spectroscopic methods
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THEORETICAL BASISTHEORETICAL BASIS

•• Selectively adsorb gases Selectively adsorb gases aroundaround a fiber rather a fiber rather 
than a long channelthan a long channel

•• Approach is based on diffusion batteries used to Approach is based on diffusion batteries used to 
collect fine particlescollect fine particles

•• Diffusion batteries progressed from single Diffusion batteries progressed from single 
channels, to multiple channels, to honeycomb, channels, to multiple channels, to honeycomb, 
and ended with wire screens   and ended with wire screens   
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THEORETICAL BASISTHEORETICAL BASIS

•• An empirical equation was used to describe An empirical equation was used to describe 
particle penetration through a wire meshparticle penetration through a wire mesh

•• P=exp (P=exp (--AnPeAnPe --2/32/3) ) 
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THEORETICAL BASISTHEORETICAL BASIS
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LABORATORY EVALUATIONLABORATORY EVALUATION
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THEORETICAL PENETRATION THEORETICAL PENETRATION 
CALCULATIONSCALCULATIONS

•• Fabric grid cell is 100 µm on 250 µm centersFabric grid cell is 100 µm on 250 µm centers

•• 4.0 cm diameter fabric @ 10 L/min4.0 cm diameter fabric @ 10 L/min

•• Nitric acid (D = 0.12 cmNitric acid (D = 0.12 cm22/sec)/sec)
»» P = 0.02P = 0.02

•• 0.1 µm Particle (D = 6 x 100.1 µm Particle (D = 6 x 10--66 cmcm22/sec)/sec)
»» P > 0.99P > 0.99



Center for Environmental Research and Technology

University of California, Riverside
Bourns College of Engineering

Laboratory TestingLaboratory Testing
Sodium Carbonate Coating Sodium Carbonate Coating 
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LABORATORY EVALUATIONLABORATORY EVALUATION

•• Nitric acid removal efficiency was tested for over Nitric acid removal efficiency was tested for over 
20 types of fabric materials using a coating 20 types of fabric materials using a coating 
mixture of 9% mixture of 9% NaCl NaCl (w/w) in a methanol/water (w/w) in a methanol/water 
solvent (50/50 v/v)solvent (50/50 v/v)

•• The four materials with the highest nitric acid The four materials with the highest nitric acid 
efficiency were evaluated sampling ambient air.efficiency were evaluated sampling ambient air.

•• These four were also tested in the laboratory for These four were also tested in the laboratory for 
ammonia removal efficiency using a phosphoric ammonia removal efficiency using a phosphoric 
acid coating (9% v/v)acid coating (9% v/v)
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CALCULATED COLLECTION EFFICIENCY CALCULATED COLLECTION EFFICIENCY 
FROM SERIES SAMPLING (%)FROM SERIES SAMPLING (%)

•• E = [1E = [1--((CCbb//CCff)]*100)]*100
–– CCff is the concentration on the front denuderis the concentration on the front denuder

–– CCbb is the concentration on the back denuderis the concentration on the back denuder
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AMBIENT EVALUATIONAMBIENT EVALUATION
NITRIC ACID COLLECTION 10 L/MINNITRIC ACID COLLECTION 10 L/MIN
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AMBIENT EVALUATIONAMBIENT EVALUATION
SULFATE COLLECTION 10 L/MINSULFATE COLLECTION 10 L/MIN
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AMBIENT EVALUATIONAMBIENT EVALUATION NaCl NaCl 
COATED FABRIC DENUDER COATED FABRIC DENUDER vs vs TDLASTDLAS
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AMBIENT EVALUATIONAMBIENT EVALUATION
PHOSPHORIC ACID COATED FABRIC PHOSPHORIC ACID COATED FABRIC 

DENUDER DENUDER vs vs FTIRFTIR
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CONCLUSIONSCONCLUSIONS

•• The fabric denuder is a low cost effective method The fabric denuder is a low cost effective method 
of sampling nitric acid and ammonia and of sampling nitric acid and ammonia and 
preserving particulate aciditypreserving particulate acidity

•• The ambient evaluations were conducted under The ambient evaluations were conducted under 
worst case conditions where high ammonium worst case conditions where high ammonium 
nitrate levels are observednitrate levels are observed




