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Abstract - Scrubbers that treat hazardous materials at workplaces have high treatment efficiency; however,
the design is complex, and pumps need to be operated 24 hours a day, which can be costly. Therefore, to mini-
mize the operating costs, small businesses do not install scrubbers, or operate them while circulation pumps are
suspended. Hence, this study investigated the application of low-cost, high-performance scrubbers that can be
used economically in small businesses. Low-cost, high-efficiency scrubbers are applied to bubble columns to
utilize devices for hazardous chemical absorption treatment purposes, and for the development of these scrub-
bers, absorption performance was reviewed and the optimal application method was studied under certain
conditions. The changes in the absorption performance of hazardous gas were studied in certain environments
by varying the physical conditions, and the optimal application methods were analyzed. The results showed
that, while it was possible to treat some of the gas flowing into the low cost, high performance scrubber, the
treatment capacity was reduced. Performance degradation was prevented by supplying an absorption liquid,
and a certain level of absorption was maintained depending on the amount of circulation. Based on this, three
types of site application methods of low cost, high performance scrubbers were presented. In addition, the ap-
propriate timing of circulation and anti freezing measures were also discussed.
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1) criterion 1 : The diameter of the bubble column is
larger than 0.15 m.
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Table 1. Experimental types and conditions.

Input
Input gas | Input gas Tiquid
Experiment Type of pressure | flow rate, flow rate
no. experiment (bar, qy q ’
L
auge) {/mi
gaug (£/min) (¢jmin)
. . . 0.14 ~
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023 ~
E i 2 -circulati . -
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P £ 1 02 ' '
Experiment 5| circulatin 014 = 00 7.0
P €| 02 ' '
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Fig. 2. Absorption fraction over time under non-
circulating condition
(gas;3.00¢/min, 0.14 ~ 0.19 bar).
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Fig. 1. Experimental set up and instrumentation.
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Fig. 3. Absorption fraction over time under non-
circulating condition
(gas;6.00¢/min, 0.23 ~ 0.29 bar).
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Fig. 4. Total absorption fraction by time range
under non-circulating condition
(gas;3.00 £/min, 0.14 ~ 0.19 bar).
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Table 2. Absorption fraction at steady state by

experiments.
Absorption
Experiment no. (Z/(ff)in) [(:fn/ f)V ffaaio‘;t :tte steady
(mol %)
Experiment 3 24 27 ~ 30
Experiment 4 3.6 11.9 34 ~ 37
Experiment 5 7.0 40 ~ 45
Experiment 6 | 7.0 ~ 7.2 47.6 60 ~ 68
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Fig. 6. Absorption fraction over time under cir-
culat- ing condition
(gas;6.00¢/min, 0.23 ~ 0.29 bar, liquid ;2.4¢/min).
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Fig. 7. Absorption fraction over time under cir-
culating condition

(gas;6.00 £/min, 0.23 ~ 0.29 bar, liquid ;3.6 £/min).
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Fig. 8. Absorption fraction over time under circula-
ting condition
(gas;6.00 ¢/min,0.23 ~ 0.29 bar, liquid ;7.0 ¢/min).
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Table 4. Site Application of Low-cost, High-per-
formance Scrubbers

Type 1 Type 2 Type 3
When the
volume is small
or can be
Equipment | treated in a | When the discharge gas volume
Application | short time such | is large or treatment takes a
Cases as those long time
connected to
small volume
reactors.
Abs?rptlon supply supply ‘
Liquid none (automatic
(manual)
Supply control system)
Anti-
frecze appl appl appl
Prevention pply pply pply
Application
The absorption
liquid can
The reduction auto;nan?::iy be
The absorption | in absorption upP
. Lo depending on
fraction may fraction is .
the input gas
decrease offset by .
X status, and its
depending on manually
. volume can be
Remark the total supplying the
. - controlled
volume of input| absorption dependine on
gas, but the liquid at the penaing
. . the gas volume;
structure is optimal
R . . . however, the
simple. circulation time .
. structure is
as instructed.
complex and
may increase
costs.
1. Electric coil heating : &Y (coil)< ©]-&3}o] A
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mn(design plan).
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* 1 Time to start of liquid circulating (min)
V; : Volumn of liquid in column(£)
qy: Tput gas flow rate (¢/min)

- 44 -



Tk A S A AvE 1EgE &

REFERENCES

[1] Coker, AK., Ludwig’s Applied Process Design for
Chemical and Petrochemical Plants Fourth Edition
Volume 2, Gulf Professional Publishing (2010)

[2] L.A. Prado Barragan, C. Hennigs, Biotransfor-
mation of Agricultural Waste and By-Products, The
Food, Feed, Fibre, Fuel (4F) Economy, (2016)

[3] Besagni, G., Gallazzini, L., Inzoli, F., “On the scale-
up criteria for bubble columns”, Petroleum, 5(2),
114-112, (2019)

[4] Wilkinson, P.M., Spek, A.P., “Design parameters
estimation for scale-up of high-pressure bubble col-
umns”, AIChE J., 38(4), 544-554, (1992)

[5] D.Legendre, Ron Zevenhoven, “A numerical Euler
- Lagrange method for bubble tower CO2 dis-
solution modeling”, Che. Eng. Res. Des., 111, 49—
62, (2016)

[6] D.Legendre, Ron Zevenhoven, “Detailed experi-
mental study on the dissolution of CO2 and air bub-
bles rising in water”, Che. Eng. Sci., 158, 552-560,
(2017)

[7] Xiaokang Yan, Yan Jia, “Drag coefficient fluctua-
tion prediction of a single bubble rising in water”,
Chem. Eng. Journal., 316, 553-562, (2017)

[8] Warren L. McCabe, Julian C. Smith, Peter Harriott,
Unit operations of chemical engineering, Mc Graw-
Hill, 7th edition, 441-512, (2015)

[9] James R. Welty, Gregory L. Rorrer, David G.

- 45 -

_\_,

Au o] A4 AT R aFH 8 et

Foster, Fundamentals of momentum heat and mass
transfer, Wiley, 6th edition, 556-591, (2015)

[10] P.H.Calderbank and M. Moo-Young, “The con-
tinuous phase heat and mass-transfer properties of
dispersions”, Chem. Eng. Sci., 16(1-2), 39-54, (1961)

[11] Liu Liu, Hongjie Yan, “Experimental studies on
the terminal velocity of air bubbles in water and
glycerol aqueous solution”, Experimental Ther-
mal and Fluid Science., 78, 254-265, (2016)

[12] D. Colomber, D. Legendre, “Experimental study
of mass transfer in a dense bubble swarm”, Chem.
Eng. Sci., 66(14), 3432-3440, (2011)

[13] R.Krishna, M.I. Urseanu, “Rise velocity of a swarm
of large gas bubbles in liquids”, Chem. Eng. Sci.,
54(2), 171-183, (1999)

[14] R.Clift, J.R. Grace, M.E. Weber, Bubbles, Drops,
and Particles, Academic Press, New York, (1978).

[15] H.D. Mendelson, “The prediction of bubble termi-
nal velocities from wave theory”, AICKE J. 13,
250-253, (1967)

[16] M. Jamialahmadi, C. Branch, Terminal bubble
rise velocity in liquids, Chem. Eng. Res. Des. 72,
119-122, (1994)

[17] Don W. Green, Robert H. Perry, Perry’s chemical
engineers’ handbook, Mc Graw-Hill, 8th edition,
(2008)

[18] S.J.T.Hangx, Rate of CO2 mineralisation and ge-
omechanical effects on host and seal formations,
CATO Workpackage WP 4.1, (2005)

St 7148k 8] 2] 258 A3% 2021 62




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 true
  /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 <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


