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Egy kétdimenzids spiral flow reaktor fejlesztése hatékony
fotokatalitikus C-alkilezési reakciokhoz

A flat-spiral flow reactor for efficient
photocatalytic C-alkylation
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ABSTRACT

A simple, easy-to-construct flat-spiral flow photoreactor was developed for photocatalytic
reactions that use high-power LED light sources. The reactor is based on commercially available PFA
tubing arranged in a flat-spiral geometry enabling efficient use of planar light sources. It features double-
sided irradiation to maximize light penetration. The high volume to surface area ratio also provides
better temperature control. The performance of the reactor was evaluated using the C-alkylation of CH-
acidic substrates with 1,1-diphenylethylene. The flat-spiral design enabled shorter residence times and
higher reaction concentrations. Optimization afforded a 93% yield at a concentration of 0.27 M and a
residence time of 2 h, while the use of 1/16” PFA tubing enabled almost quantitative yields. The new
setup was applied to several CH-acidic substrates. The residence time was reduced from 5 to 1 h, which
led to substantially higher productivity, providing space time yields up to 98 mmol h”' L. A power-
normalized modification of the energy economy factor was also introduced, which can be used to
quantify the influence of process parameters on energy consumption. Finally, controlled oxygenation
experiments showed that oxygen promotes benzophenone formation from 1,1-diphenylethylene.
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OSSZEFOGLALO

Kifejlesztettiink egy kdnnyen dsszeallithato, lapos spiral elrendezésii aramlasu fotoreaktort nagy
teljesitményi LED-es fényforrasokkal végzett fotokatalitikus reakciokhoz. A reaktor kereskedelmi
forgalomban kaphat6 PFA-csovekbdl épiil fel, amelyek lapos spiral alakzatba vannak rendezve. A leheto
legnagyobb fénybesugarzas érdekében a reaktort mindkét oldalarol meg lehet vilagitani. A nagy fajlagos
feliilet jobb hémérséklet-szabalyozast is lehetové teszi. A reaktor teljesitményét CH-savas szubsztratok
1,1-difeniletilénnel t6rténd C-alkilezésével értékeltiik. A reaktor kialakitasa lehetové tette a tartdzkodasi
id6 csokkentését €s a toményebb reakcioelegyek alkalmazasat, ezzel magasabb termelést és
termelékenységet eredményezve. Az optimalizalas eredményeként 0,27 M koncentracié és 2 oras
tartozkodasi 1d6 mellett 93%-o0s termelést értiink el, mig az 1/16 colos PFA csdvek hasznalata szinte
kvantitativ termelést tett lehetévé. Az 0j berendezést tobb tovabbi CH-savas szubsztrat esetében is
alkalmaztuk. A tartézkodasi idot 5 orarol 1 orara csokkentettiik, ami Iényegesen magasabb
termelékenységet eredményezett, akar 98 mmol h™' L' térfogati termelékenységet. Bevezettik az
energiahatékonysagi tényez0 teljesitménnyel normalizalt modositasat is, ezzel a folyamatparaméterek
energiafelhasznalasra gyakorolt hatasat lehet szamszerGisiteni. Végiil egy oxigénbevezetéssel végzett
kisérlettel megmutattuk, hogy a reakcidelegyben jelenlévd oxigén hatasara az 1,1-difeniletilénbol
benzofenon keletkezik.

Kulesszavak: fotokatalizis, aramlasos kémia, C-alkilezés, lathato fény, spiralis fotoreaktor
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A kutatas az OTKA (FK138037), valamint a Varga Jozsef Alapitvany tdmogatasaval jott 1étre.
Doktoranduszi Kivalosagi Osztondij Program (DKOP M-01-1-BME-20) 4ltal tdmogatott projekt a
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nyujtott, valamint a Budapesti Miiszaki ¢s Gazdasagtudomanyi Egyetem tdmogatasa alapjan valosult
meg.

Erdélyi Magyar Miszaki Tudomanyos Tarsasag — EMT




<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages false

  /AutoFilterGrayImages false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (Adobe RGB \0501998\051)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth 8

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.33333

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /FlateEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 300

  /ColorSettingsFile ()

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /ENU ([Based on 'nyomda2026'] [Based on '[Press Quality]'] Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails false

  /DownsampleColorImages false

  /DownsampleGrayImages false

  /DownsampleMonoImages false

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /FullScreenMode false

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth 8

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.33333

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /FlateEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 300

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /Magnification /FitPage

  /MaxSubsetPct 1

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /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

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (Coated FOGRA39 \050ISO 12647-2:2004\051)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks true

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



