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Abstract As we all know, titanium dioxide (TiO,) is one of the most promising photocatalysts for degradation of toxic
volatile organic compounds (VOC) ideally under environmentally friendly conditions. While H-ZSM-5 zeolites are com-
monly used in industrial catalysis as an important adsorbent or host material. This paper mainly focused on designing
TiO,-sorbent hybrid photocatalytic materials, especially those supported on ZSM-5 zeolites, with the objective of fabricating
efficient photodegradation systems toward organic compounds diluted in air. ZSM-5-TiO, composites were fabricated by an
impregnation method. First, the TiO, nanocrystals with diameter about 5 nm were prepared by solvothermal process. Next,
these TiO, nanocrystals were loaded on the ZSM-5 zeolites through impregnating at a relatively low temperature about 150
‘C. The obtained samples were characterized by scanning electron microscopy (SEM), transmission electron microscope
(TEM), X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS) techniques. The fundamental adsorption-
photocatalytic behaviors were investigated in the removal of toluene vapor diluted in air. In the case of hybrid photocatalysts,
the initial toluene concentration in gas phase was significantly reduced because of adsorption into the ZSM-5. After
photo-irradiation started, toluene was continuously decomposed. The results found that TiO, nanocrystals were uniformly
distributed on the surface of ZSM-5 zeolites by using of impregnation method. Simultaneously the synergistic effects be-
tween adsorption properties and photocatalysis were discussed in this paper, as well as the structure-activity relationship. The
weight ratio of TiO, and SiO,/Al,O; ratio of the ZSM-5-TiO, composites will significantly affect hydrophobicity index (HI),
adsorption and photocatalytic efficiency. The effect of the amount of the adsorbent on the photocatalytic activity was investi-
gated and provided a novel physicochemical insight into adsorption-photocatalytic synergistic removal of organic pollutants.
The present study affords a fundamental understanding of hybrid materials of TiO, and ZSM-5 zeolite, highlighting an en-
hancement of photocatalytic activity of supported TiO, on such adsorbed materials.
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Figure 1 SEM images of samples with different content of TiO,. (a)
7500, (b) ZT500-5, (c) ZT500-20, (d) ZT500-40
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M TiO, #3455 8l Kk v, Kite /T 10 nm,
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Figure 2 TEM images of samples with different content of TiO, (a)
7500, (b) TiO,, (c, d, €) ZT500-20, inset is SAED pattern
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Figure 3  XRD patterns of samples with different content of TiO,

(a) TiO,, (b) Z500, (c) ZT500-5, (d) ZT500-10, () ZT500-20, (f) ZT500-40,
(2) ZT500-60
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Table 1 Pore structure parameters, adsorption and photocatalytic activity of different samples

Sample Sper/(mPeg ") Dy/nm Toluene ads./(mgsg ') H,0 ads./(mgeg ") HI* Rate constant K */h!
Z500 287 2.84 98 21 4.67 0
ZT500-5 279 2.96 92 25 3.68 0.70
ZT500-10 275 3.14 89 32 2.78 0.97
ZT500-20 265 3.21 82 48 1.71 1.29
ZT500-40 249 3.29 73 82 0.89 1.08
ZT500-60 222 3.34 58 116 0.50 1.01
ZT30-20 213 342 51 49 1.04 1.43
ZT200-20 267 3.23 73 66 1.10 1.32
TiO, 169 5.77 40 188 0.21 0.52
ZT500-20m 256 3.02 — — — 0.57
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Figure 4 XPS spectra of samples with different content of TiO,
(a) Z500, (b) ZT500-5, (c) ZT500-20, (d) ZT500-40
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Figure 7 Photocatalytic degradation of toluene in gaseous phase on the
samples with different mole ratio of SiO,/Al,O5
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Table 2  Structure parameters of different ZSM-5 samples

Sample fL2/nm Si0,/AL, 05 Sper/(m’eg ")
730 0.53~0.58 15~45 =310
7200 0.53~0.58 150~300 =310
7500 0.53~0.58 =500 =300

4.1.2 TiO, AR T 694 &

# 5.0 mL TiCly 75 Ny SR F A 50.0 mL AU T e
(30~40 C/RH M), Hidk B EE BB ANKNZE.
FEGAE 110 CEAE R4k 48 h, T3 [IAAL 850070 88 5
HE/K CEE. PUSEPRIYES: 2~3 Ik, 80 C T /5152
42K TiO, KA.

Acta Chim. Sinica 2013, 71, 567—572

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

4.1.3 ZSM-5-TiO, & &-##+44 # &

B K TiO, B ARRC H 5k 0.25 /L 1) TiO, L EF .
FRIX 0.50 g ZSM-5, M€ 0.25 g/L I¥] TiO, LI
VW, VR TiO, IR 9 343 A 5%, 10%, 20%, 40%F1
60% (Wt%). #5330 min J5, WIRAE =4 NEE 6 h,
RIGH WO 150 CHEFE T4 24 h, 15214
TiO, 7 E 1) ZSM-5-Ti0, E &M kL. FEddric b
ZTx-y, Horf x by Si0y/ALO; L, y i TiO, 1 43 71k i
tH Z500 F1 20% (wt%) TiO, HUBRIE A il 25 R A A SRR i
F7n k) ZT500-20m.

42 fELFIBIRE

K H Rigacu Dmax-3C 2 i X S AT5 (XRD) X
(Cu Ko, 1=0.1.418 nm)Wll & #F it fAH. A HACH -+
Al JEM2010 A% HL 1 W A8 (TEM) A L
BT A AR IR ROk RS R 2 i JE 2. T NOVO
4000 RS AR B o3 BT A L (— 196 °C) R e
N IFI B =M PR A5 2, ARSI BET 5L 15 BIHEAL I
FL R TR £/ PHI(PhiS000)X 526 HL ¥ RERG AU 5T
THREM IR T2, R IGA-101 F IR A &
A TE 40 CRF7KE R 2R IR B R
4.3 (EWLFIBIEMN

SR 1 o 20 A T W B — e A A 1 = [ A 2
AR, FREUB -G 100 mg, FMISHERELT K 4
uL FZREN 2 L OB (FFORR GG S VIR E Sy 420+5
ppm). RFF SN IR SE R 40 C, fETIEAAT FREAT IS
JEWeBt 3 h, & 0.5 h SRE—XAUERER, HAAREE
(Shimadzu GC-2014C) AT AELL B oA, W BT 5
FIIFRAT JEUEB00 W, 15 mAYBH TG BB, ot
WS h, B 1 h RFE—IR, AT ST, AR R
AL, LEE AT AR TiOy/ZSM-5 A AR
e AL TE. SRR TEINR Y EE =Ll b, EE
S 45 FEAE SOV IR 225 L LAY (£ 5%).

References

[1] Maciuca, A.; Dupeyrat, C. B.; Tatibouét, J. M. Appl. Catal. B: En-
viron. 2012, 125, 432.
[2] Zhao, S.; Ramakrishnan, G.; Su, D.; Rieger, R.; Koller, A.; Orlov,
A. Appl. Catal. B: Environ. 2011, 104, 239.
[3] Long, C.; Liu, P.; Li, Y.; Li, A.-M.; Zhang, Q.-X. Environ. Sci.
Technol. 2011, 45, 4506.
[4] Inumaru, K.; Yasui, M.; Kasahara, T.; Yamaguchi, K.; Yasuda, A.;
Yamanaka, S. J. Mater. Chem. 2011, 21, 12117.
[5]1 Zhang, Y.-M.; Qiao, Z.-A.; Li, Y.-T.; Liu, Y.-L.; Huo, Q. S. J. Ma-
ter. Chem. 2011, 21, 17283.
[6] Kilic, N.; Ballantine, J. A. Analyst 1998, 123, 1795.
[7] Walcarius, A.; Mercier, L. J. Mater. Chem. 2010, 20, 4478.
[8] Wu, Z.-X.; Zhao, D.-Y. Chem. Commun. 2011, 47, 3332.
[9] Sato, K.; Hirakawa, T.; Komano, A.; Kishi, S.; Nishimoto, C. K.;
Mera, N.; Kugishima, M.; Sano, T.; Ichinose, H.; Negishi, N.; Seto,
Y.; Takeuchi, K. Appl. Catal. B: Environ. 2011, 106, 316.
[10] Hoffman, M. R.; Martin, S. T.; Choi, W.; Bahnemann, D. W. Chem.
Rev. 1995, 95, 69.
[11] Halaoui, L. I.; Abrams, N. M.; Mallouk, T. E. J. Phys. Chem. B
2005, 9, 6334.
[12] Fujishima, A.; Zhang, X.-T. Compt. Rend. Chim. 2006, 9, 50.

http://sioc-journal.cn 571



W F F R

MR

[13] Stock, N. L.; Peller, J.; Vinodgopal, K.; Kamat, P. V. Environ. Sci.
Technol. 2000, 34, 1747.

[14] Peller, J.; Wiest, O.; Kamat, P. V. Environ. Sci. Technol. 2003, 37,
1926.

[15] Cui, Y.-L.; Cao, C.-C.; Zuo, J.-X. Water Sci. Eng. Technol. 2011, 4,
76. (BORBE, B KAR, AAh, KAFE TR R, 2011, 4,76.)

[16] Sun, H.-Q.; Ullah, R.; Chong, S.; Ang, H. M.; Tad¢, M. O.; Wang,
S. B. Appl. Catal. B: Environ. 2011, 108-109, 127.

[17] Connelly, K. A.; Idriss, H. Green Chem. 2012, 14, 260.

[18] Torimoto, T.; Ito, S.; Kuwabata, S.; Yoneyama, H. Environ. Sci.
Technol. 1996, 30, 1275.

[19] Kuwahara, Y.; Kamegawa, T.; Mori, K.; Yamashita, H. Chem.
Commun. 2008, 4783.

—

572 http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[20] Kuwahara, Y.; Yamashita, H. J. Mater. Chem. 2011, 21, 2407.

[21] Kuwahara, Y.; Aoyama, J.; Miyakubo, K.; Eguchi, T.; Kamegawa,
T.; Mori, K.; Yamashita, H. J. Catal. 2012, 285, 223.

[22] Takeuchi, M.; Hidaka, M.; Anpo, M. J. Hazard. Mater. 2012,
237-238, 133.

[23] Guo, P.; Liu, C.-Y.; Gao, M.; Wang, X.-S.; Guo, H.-C. Chin. J.
Catal. 2010, 31, 573. (¥0M9, ¥R, s, B4, SOULE, 4
AR, 2010, 31, 573.)

[24] Zhang, W.-J.; Yu, Y.; Li, K.-X. Funct. Mater. 2012, 43, 1308. (7K 3
A, T#, 45nl0, ZhReatAt, 2012, 43, 1308.)

[25] Castillo, R.; Koch, B.; Ruiz, P.; Delmon, B. J. Catal. 1996, 161,
524,

(Cheng, B.; Lu, Z.)

Acta Chim. Sinica 2013, 71, 567—572




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


