K F F R

sRiIESC

Article

ACTA CHIMICA SINICA

DOI: 10.6023/A18090372

LL UiO-66 ABETIRAH] Fe-ZrO, B & K H 7] Il e fR M sefff 53
LW xX&HE  EZR#E FHE MEEY F R

(PUALITTE R A A T2 AR o PR B 3 E st =
BB RS FAMRIEASERE 2 730070)

WE SRAVEZUIO-66)EAG KR RINR MG/, B&Ee S 7aEa P EER Y. SR
Ui0-66 &5 i H I Fe™*, F il BbenioiiAd Fe¥/Ui0-66 RT3 M InHI % i Fe 5241 ZrO, 99K 1AL F
Fe-ZrO,. it 133 i T BB (SEM). X SHEATH(XRD). X HHEJGHL T HEIE(XPS). N, B -iiH . 204 GiE(FT-IR)
VAN =R] WOCIR O RE(UV-vis DRS)&5 7 VEG AL BT AN S5 6 34T AL, 5 J6(PL)AN HELAK 22 B BT X Ak 71 1
HALSAPEREEAT 0T, SRS, WETC T AL B P B I o] WG B IEF, 45 SRR W IE I B be Fe’*/Ui0-66 AT gk 1A
BT 141 4 B Fe-ZrO, fEALTR, 757 OGRS T 2710 B MIBR AR A 83%, 1B =K JG AR RAK R AL IA B 78%, Fa
EMELT.

FEEE  Ui0-66; Fe-ZrOy; A WOLHELL; RhB; i B fig

Preparation and Photocatalytic Activity of Fe—ZrO, Composites from UiO—66
Precursor under Visible Light Irritation
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(College of Chemistry and Chemical Engineering, Northwest Normal University, Key Laboratory of
Eco-Environment-Related Polymer Material of Ministry of Education, Key Laboratory of Polymer Materials of

Gansu Province, Lanzhou 730070)

Abstract A new porous crystalline materials Zr-containing organic framework of UiO-66 has a large specific surface area,
strong adsorption capacity, and the highly ordered arrangement of metal ions in its crystal structure. In this study, because
UiO-66 has a good structural features, Fe-doped nano-ZrO, photocatalyst of Fe-ZrO, were successfully prepared by the ad-
sorption of Fe>™ onto UiO-66, and calcination of the precursor of Fe**/UiO-66, subsequently. The morphology and structure
of the catalyst were characterized by scanning electron microscopy (SEM), X-ray diffractometry (XRD), X-ray photoelectron
spectroscopy (XPS), N, adsorption-desorption isotherm, Fourier transform infrared spectroscopy (FT-IR) and UV-Vis absorp-
tion spectroscopy (UV-vis DRS). The electrochemical performance of the catalyst was analyzed by fluorescence (PL) and
electrochemical impedance spectroscopy. Finally, the photodegradation of rhodamine B solution by the catalysis of Fe-ZrO,
was studied. The results showed that the degradation rate of rhodamine B (RhB) under visible light irritation was 83% in 120
min with the catalyst of Fe-ZrO, from the calcination of the precursor Fe**/UiO-66. The catalyst has a promising stability.
The degradation rate to RhB could still reach 78% after three cycles.

Keywords UiO-66; Fe-ZrO,; visible-light photocatalysis; RhB; photodegradation
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Figure 1 The XRD patterns of the samples
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Figure 2 (a) FT-IR spectra of the samples; (b) Photoluminescence

spectra of the samples
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Figure 3 UV-vis diffuse reflectance spectra and the cinema photograph
of the samples
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Figure 4 The SEM images of ZrO, prepared by hydrothermal method (a), calcinated ZrO, (b) and (c) Fe-ZrO,, the EDX analysis of Fe-ZrO, (d) and the

EDS maps of Fe-ZrO, for Zr, O and Fe
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Figure 5 Nitrogen adsorption-desorption isotherms (a) and pore size
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Figure 8 (a) Photocatalytic degradation of RhB with the prepared catalysts; (b) the cycling results for the degradation of RhB over Fe-ZrO,
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Table 2 Comparison of the results for the degradation of RhB with several catalysts and Fe-ZrO,
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43 RIE

HH T B8 (Ultra Plus); X ZRA75H(D/Max-
2400); N, W B B %2 (Autosorb-iQ2-MP); £L4h %1
(Digilab FTS-3000); %% #h— 1] WL ot W Wi o't 1% 4% (Varian
Cary 500); X $28 ¢ H T A il (Escalab 210); g%
(FELS-55)F1 B AL 22 M BE D (PGSTAT302N); WUl is 48
Hh=T] W23 566 FE i (TU-1901); < AR 3% 4% (Shimadzu
GC2010).
4.4 FlEfsSIE

KR AT Lo e BE T e T S AR R A
FPRIE 500 W AT AT WG HE S R X% RhB 6 1k R4 fi
PERE. B 26, ¥ 10 mg IO ARG AL FRIEE 75 2 BRE 10
mL. 20 mgeL ' ff) RhB /K&, I8 T4 s .
TEN R BIFIEZ 1, e IR B B T ath 2 R A,
TETCIEHEARAF N 94, 1 h 115 RhB 76 M 40 712 T 52U
B BEBE 1. e BN HFIR 2 G, FEBE 30 min %G,
B3 mL R o ad s AR, B 3 R 2R 4
AT D43 56 6 B T Y T RO B R IR PR, F5 4

Acta Chim. Sinica 2019, 77, 153—159



1 F F ®R

— R SE R ST, F ik 358 H Sk 10 4R A 751 44 482 4 B ol
B3 mL RN, FREINJE B, $T AT 452 %
[, RhB KRR AR D=1—C/Cp) X 100%it 5
2, Hrp, Co M C, 2798 RhB 7K A AT L FE G i
JE R I (R~ R

References

[17 Li, X. X.; Wan, T.; Qiu, J. Y.; Wei, H.; Qin, F. H.; Wang, Y. H.; Liao,
Y. J.; Huang, Z. Y.; Tan, X. C. Appl. Catal. B Environ. 2017, 217,
591.

[2] Dhakshinamoorthy, A.; Asiri, A. M.; Garcia, H. Angew. Chem., Int.
Ed. 2016, 55, 5414.

[3] Zhao, K.; Zhao, S.; Gao, C.; Qi, J.; Yin, H. J.; Wei, D.; Megasia
Feyissa Mideksa, Wang, X. L.; Gao, Y.; Tang, Z.Y.; Yu, R. B. Small
2018, /1800762, 1.

[4] Zhang, J.; Huang, Z. H.; Li, P. D.; Zhang, X. M.; Yuan, Y. Y.; Xu, L.
Catal. Sci. Technol. 2017, 7, 2194.

[5] Eonikar, V. G.; Patil, S. S.; Tamboli, M. S.; Ambekar, J. D.; Kul-
karni, M.V.; Panmand, R.; Umarji, G. G.; Shinde, M. D.; Rane, S.
B.; Munirathnam, N. R.; Patil, D. R.; Kale, B. B. Phys. Chem. Chem.
Phys. 2017, 19,20541.

[6] Zhang, W.; Xu, N. W.; Yao, Z. J.; Li, K.; Zhu, Y.; Chen, L. Y.; Ye, W.

L.; Deng, W. Chin. J. Org. Chem. 2016, 36, 2039. (7%, 154N,

Peyfik, 25, KK, BRRE, mocss, XB4E, A i, 2016,

36,2039.)

Neppolian, B.; Wang, Q.; Yamashita, H.; Choi, H. Appl. Catal. A

Gen. 2007, 333, 264.

[8] Reddy, C. V.; Babu, B.; Reddy, I. N.; Shim, J. Ceram Inter. 2018, 44,
6940.
[9] Jiang, W.; He, J.; Zhong, J. M.; Lu, J. Y.; Yuan, S. J.; Liang, B.;
Appl. Surf. Sci. 2014, 307, 407.
[10] Liu, S. C. Master's Thesis, Guizhou University, 2015. (XI# ¥, i
+HiR3L, M K, 2015)
[11] Niu, Y. F,; Qian, Y.; Hu, X. D. Chin. J. Org. Chem. 2016, 36, 555.
(FHE57, BIE, TR, AL, 2016, 36, 555.)
[12] Zhang, S. F.; Yang, J. D.; Liu, M. Z.; Lt, S. Y.; Gao, C. M.; Wu, C.;
Zhu, Z. Y. Acta Chim. Sinica 2016, 74, 401. (3k/> %, MER, #HiH]
Bk, B0, mEM, 20, RAE, LFFIR, 2016, 74,401.)
[13] Liu, H.; Zhang, S.; Liu, Y.; Yang, Z.; Feng, X.; Lu, X.; Huo, F. Small

[7

—

Acta Chim. Sinica 2019, 77, 153—159

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

MR
2015, 71, 3130.

[14] Wang, M.; Xu, L.; Zhou, Y. N.; Liu, H.; Li, J.; Lu, X. H. J. Nanjing
Univ. Technol. 2016, 38, 88. (L0, 1R, JMm, X4, BE, [
IME, BRI KFFIR, A RAFRR, 2016, 38, 88.)

[15] Qin, T. Y.; Zeng, Y.; Chen, J. P.; Yu, T. J.; Li, Y. Acta Chim. Sinica
2017, 75, 99. (FRIK, MB, WM&, TRE, T8, LFFR,
2017, 75,99.)

[16] Cho, J. M.; Lee, S. R.; Sun, J.; Tsubaki, N.; Jang, E. J.; Bae, J. W.
ACS Catal. 2017, 7, 5955.

[17] Zhao, J. K.; Ge, S. S.; Pan, D. J.; Lin, J.; Wan, Z.; Hu, Z.; Wu, T.;
Guo, Z. Colloid Inter. Sci. 2018, 529, 111.

[18] Reddy, C. V.; Reddy, I. N.; Shim, J.; Kim, D.; Yoo, K. Ceram. Int.
2018, 44, 12329.

[19] Li, W. H.; Nie, X. W.; Jiang, X.; Zhang, A. F.; Ding, F. S.; Liu, M;
Liu, Z. M.; Guo, X. W.; Song, C. S. Appl. Catal. B Environ. 2018,
220,397.

[20] Hao, Y.; Li, L.; Liu, D.; Yu, H.; Zhou, Q. Mol. Catal. 2018, 447, 37.

[21] An, M. Z.; Li, L.; Tian, Y.; Yu, H. L.; Zhou, Q. L. RSC A4dv. 2018, 8,
18870.

[22] Yang, Z. W.; Xu, X. Q.; Liang, X. X.; Lei, C.; Gao, L.; Hao, R.; Lu,
D.D.; Lei, Z. Q. Appl. Surf- Sci. 2017, 420, 276.

[23] Xie, H.; Lu, J.; Shekhar, M.; Elam, J. W.; Delgass, W. N.; Ribeiro, F.
H.; Weitz, E.; Poeppelmeier, K. R. ACS Catal. 2013, 3, 61.

[24] Wang, X. X.; Zhang, L. H.; Lin, H. J.; Nong, Q. Y.; Wu, Y.; Wu, T.
H.; He, Y. M. RSC Adv. 2014, 4, 40029.

[25] Xu, X. Q.; Liu, R. X.; Cui, Y. N.; Liang, X. X.; Lei, C.; Meng, S. Y.;
Ma, Y. L.; Lei, Z. Q.; Yang, Z. W. Appl. Catal. B Environ. 2017, 210,
484.

[26] Shim, J. O.; Jang, W. J.; Jeon, K. W.; Lee, D. W.; Na, H. S.; Kim, H.
M.; Lee, Y. L.; Yoo, S. Y.; Jeon, B. H.; Roh, H. S.; Ko, C. H. Appl.
Catal. A Gen. 2018, 563, 163.

[27] Shim, J. O.; Na, H. S.; Jha, A.; Jang, W. J.; Jeong, D. W.; Nah, I. W.;
Jeon, B. H.; Roh, H. S. Chem. Eng. J. 2016, 306, 908.

[28] Liu, Y.; Xia, C. J.; Wang, Q.; Zhang, L.; Huang, A.; Ke, M.; Song, Z.
Z. Catal. Sci. Technol. 2018, 8, 4916.

[29] Okamoto, Y.; Kubota, T.; Ohto, Y.; Nasu, S. J. Catal. 2000, 192,
412.

[30] Chandragiri, V. R.; Neelakanta, R. L.; Jaesool, S.; Dongseob, K.;,
Yoo, K. Ceram. Int. 2018, 44, 12329.

[31] Yu, C.; Yang, P; Tie, L.; Yang, S.; Dong, S.; Sun, J.; Sun, J. Appl.
Surf. Sci. 2018, 455, 8.

[32] Mu, X. X.; Jiang, J. F.; Chao, F. F.; Lou, Y. B.; Chen, J. X. Dalton
Trans. 2018, 47, 1895.

(Lu, Y)

http://sioc-journal.cn 159




<<
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


