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Abstract: This work reports the photodegradation process of 
methylene blue in a membrane photoreactor by using TiO2 as the 
photocatalyst and phosphate microfiltration membrane as separation barrier 
recovery and recycle the photocalysts particles. The rejection rate of the 
TiO2 photocatalyst particles reaches 99.9% and the degradation rate of 
methylene blue is 75% in 1 hour of filtration. 
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INTRODUCTION 
 
Organic pollutants are present in the water environment usually as a result of their 
occurrence in industrial effluents. The treatment of such wastewater is based on various 
mechanical, biological, physical and chemical processes [1]. 
The increasing volume of wastewater containing non biodegradable pollutants 
discharged into the environment demands the development of new powerful, clean and 
safe decontamination technologies. 
The photocatalytic degradation has received a great attention as an alternative method in 
the removal of environmental pollutants in aqueous as well as gaseous media [2]. 
Anatase-type titania have been proven as environmental friendly catalysts because of its 
capability to decompose the different organic and inorganic pollutants [3]. 
However, the step of separation of the catalyst is necessary, which increase the overall 
costs of the process, although TiO2 shows high photocatalytic activity, the problem of 
separation of its particles emerges in the practical applications [4]. 
A ceramic microfiltration membrane can meet this requirement and has been used for 
this purpose owing to its excellent material properties. In fact the membrane separation 
process, because of its selective separation, has already been shown to be competitive 
with the other separation process in energy cost, material recovery and reduction of the 
environmental impact. Thus coupling of photocatalysis and membrane separation 
should result in a useful process for water treatment.  
This study reports the photodegradation process of methylene blue in a membrane 
photoreactor by using TiO2 as the photocatalyst and microfiltration membrane as 
separation barrier recovery and recycle the photocalysts particles. 
 
 
EXPERIMENTAL 
 
Membrane preparation 
 
After collection the phosphates, stones and other heavy particles were removed from the 
samples, which when crushed, ground and sieved through a 50 µm sieve to remove the 
larger non-clay fractions for obtaining fine fraction of clay. The sample shaping was 
performed by extrusion of the mixture of phosphates and organic additives (starch, 
Amijel and PEG 1500) and heated to 1200 °C. 
The zirconia layer (microfiltration layer) was deposited on the inner surface of the 
phosphate support by slip casting. After drying at room temperature the ZrO2 membrane 
was sintered at 1100 °C for 2 h, after bonding at 300 °C for 1 h; the zirconium layer 
presents a pore diameter of 0.23 µm and an average thickness of the layer above 10 µm. 
 
Experimental set up 
 
Figure 1 presents the schematic diagram of the photocatalysis-membrane coupling 
reactor and experimental unit.  
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Figure 1. Experimental set up: 

(a) oxygen cylinder, (b) cylindric reactor with cooling jacket; (c) thermostatic 
bath;(d) power supply;(e) medium pressure Hg lamp with conic reflector;            

(f) manometer; (g) rotameter, (h) cell containing the membrane; (i) magnetic stirrer; 
(l) pump; (m) graduate cylinder for permeate sampling 

 
 
RESULTS AND DISCUSSION  
 
The rejection rate of the ceramic membrane for the TiO2 photocatalyst is shown in 
Figure 2. 
In the initial period of the microfiltration, the rejection rate for TiO2 particles was more 
than 98%. After 40 min, the rejection rate completely TiO2 particles was more than 
99.5%. Meanwhile, no TiO2 particles could be detected in the permeation liquid. This 
showed that TiO2 photocatalyst was separated completely. 
In order to measure the photocatalyst degradation rate in the coupling reactor, the 
photocatalytic oxidation of methylene blue was conducted in the coupling reactor. The 
result is shown in Figure 3. The degradation reaches 75% in 1 hours of filtration. 
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Figure 2. The rejection rate of TiO2 
versus the time 

Figure 3. The rejection rate of methylene 
blue solution  

(reaction condition: methylene blue 25 
ppm, TiO2 1 g/L, 30 W lamp) 
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CONCLUSION 
 
The photocatalysis membrane separation coupling reactor system was studied. The 
rejection rate of TiO2 particles, the microfiltration flux and the photocatalytic 
degradation rate of Methylene blue was investigated in the reactor under optimized 
operating conditions. This coupling reactor can meet the needs of both the separation of 
the particles and the photocatalytic reaction, and it is suitable for continuous and pilot 
scale operations. 
 
 
REFERENCES 
 
1. Zollinger, H.: Color Chemistry: Synthesis, Properties and Applications of Organic Dyes and 

Pigments, VCH Publishers, New York, 1987; 
2. El-Sharkawy, E.A., Soliman, A.Y., Al-Amer, K.M.: Comparative study for the removal of 

methylene blue via adsorption and photocatalytic degradation, Journal of Colloid and Interface 
Science, 2007, 310, 498-508; 

3. Molinari, R., Pirillo, F., Falco, M., Loddo, V., Palmisano, L.: Photocatalytic degradation of dyes 
by using a membrane reactor, Chemical Engineering and Processing, 2004, 43, 1103-1114; 

4. Grzechulska-Damszel, J., Mozia, S., Morawski, A.W.: Integration of photocatalysis with 
membrane processes for purification of water contaminated with organic dyes, Catalysis Today, 
2010, 156, 295-300. 



<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


