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In 2007 the U.S. Environmental Protection Agency
reduced the heavy-duty Diesel on-road emissions
standards for particulate matter (PM) to 0.01g/hp-hr
The European Union has also passed similarly
stringent emissions regulations. Accurately
measuring and impartially sampling PM at low
concentrations poses an engineering challenge. For
example, adsorption of gaseous compounds to a PM
filter may be a significant source of the total "PM"”
mass’. Gaseous compounds or particles found in the
exhaust dilution air may also bias mass
measurements. Objectives of this study are to
physically and chemically characterize different
methods of dilution air cleaning and to investigate the
influence of dilution air quality on gravimetric filter
artifacts

Some options exist for cleaning exhaust dilution air,
most are specific to the emissions measurement
method:

CVS (high-flow)
« HEPA™ and/or carbon filters
* Few complete commercial systems are available

-Dilution Air Refinement (DAR, Horiba)

-Dilution Air Purification System (DAPS, Donaldson)
Partial flow sampling/2"® dilution of CVS flow
(low-flow)

* Fixed-bed desiccant dryers®
* Pressure swing adsorption (PSA)*

» Catalysts, denuders and many others
*tested in this study
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Photograph and schematic of a pressure swing adsorption system
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This work evaluated the filtration, drying and
adsorption (VOC removal) performance of a silica gel
dryer, silica gel/carbon dryer and PSA system. For
VOC analysis, the systems were tested in parallel,
each with an outlet flow rate of 200 slpm.

VOC removal: Gas samples were taken from the
influent (baseline) and effluent of each air treatment
system air using adsorption tubes followed with
thermal desorption - gas chromatography - mass
spectrometry analysis.

Mass concentration, ug/m?

Summary: The dilution air cleaning evaluation is
summarized below. Complete testing methodology
details are available from Swanson, et. al?

Baseline Silica gel Silica gel/carbon PSA system

Particles Aw 8,890 8.2 5.1 0.6
part/cm® Sdom 740 0.1 1 0.2
Total VOCs Awg 822 55 24 <1
ppbv Stdev 122 43 21 <1

Humidity Awg 8-12 4 0.5 <0.01
%RH Breakthrough time n/a 4hrs 4 hrs n/a
NOXx Awvg 14.6 n/a n/a <1
ppbv Stdev 5.1 n/a n/a n/a

* We are -evaluating filter artifacts that are
attributable to gaseous compounds in the dilution
air and testing representative levels of air purity

* To date, filtered ambient air and high-purity PSA
air have been tested

* Our sampling methods and filter weighing align
with 2007 USEPA regulations

Type-K thermocouple temperature (43 = % °C) measurement

\L’%?&\ iy °
04 o—(5

]_
2 p Q
Dilution air inlet, always Temperature, pressure and
filtered to <1 particle/cm? flowrate (65 slpm) measurement
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Dilution air filter artifacts were evaluated by sampling
~1.3 m?® of dilution air in 20 min, effectively
simulating a US FTP certification test. The weight
gained is due to adsorption of gas molecules on the
TX40 filter. Each data set represents five filter
samples, with each test done on a different day.

6 Dilution air: ambient

Weight gain, ug

Dilution air: high purity

Weight gain, pug

m Day 1 m Day 2 H Day 3

-12

Our data is corrected for the mass gained or lost on 3 reference filters:
Ambient air samples High purity air samples:

n/a pg (day 1) -0.45 pg (day 1)
-0.44 ug (day 2) -1.23 ug (day 2)
-1.07 ug (day 3) -0.22 ug (day 3)

* The PSA process can generate 200 slpm of high-
purity air (<1 ppbv VOCs, <1 part/cm?, <1ppbv NO,)
* High purity dilution air reduced the average
apparent gaseous filter artifact from 6.44 to -3.14 g
(~10% of US standard). Khalek® repeatedly found
that during a HDD steady-state condition, filter
mass loadings were 10 ug.

* These results suggest that the amount of PM
emitted by modern Diesel engines may be much
lower than indicated by filter measurements

» TX40 filters lose mass during handling or sampling
* Future work is determining the chemical identity
of the compounds that adsorb to the filter, for
“blank” samples and dilution air/exhaust mixtures

References

'Chase, R. E., et al. “PM Measurement Artifact: Organic Vapor Deposition on
Different Filter Media.” SAE paper 2004-01-0967

2Swanson, J. et. al. “An Alternative Method for Generating Ultra-Clean Dilution Air
For Engine Emissions Measurements.” SAE paper 2007-01-1111

3Khalek, I. A. “2007 Diesel Particulate Measurement Research.” CRC E-66 Project
Phase-1, Southwest Research Institute, 2005




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




