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Fabrication of ZnO incorporated TMA-A zeolite nanocrystals
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Abstract Nano-sized ZnO crystals were successfully incorporated using ion exchange method in TMA-A zeolite synthesized
by the hydrothermal method. The optimal composition for the synthesis of TMA-A zeolite was resulted in a solution of
Al(i-pro); : 2.2 TEOS : 24 TMAOH : 0.3 NaOH : 200 H,0. 0.3 g of TMA-A zeolite and 5 mol of ZnCl, solution were em-
ployed for the preparation of ZnO incorporated TMA-A zeolite. The ZnO incorporated TMA-A zeolite precursors, prepared
from the process of mixing, stirring, centrifugal separation and drying, were calcined at temperatures from 400 to 600°C
for 3 h. The crystallization process of ZnO incorporated TMA-A zeolite was analyzed by X-ray diffraction (XRD). The
Brunaur-Emett-Teller (BET) surface area of the ZnO incorporated TMA-A zeolite was measured. Subsequently, the morphology
and the particle size depending on the temperature and time were observed using scanning electron microscopy(SEM),
transmission electron microscopy(TEM) and particle size analyzer.
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2.1. TMA-A ALTolE E 7znOE EAAZI TMA-A
AgefolEe] 2T 2 A

TMA-A A 22le]E I ZnOE EAAZI TMA-A Al
glo]ES] Aol ARgE Alfe®E Aldricholl A 33t
+ aluminium isopropoxide(Al(i-pro);) 98 wt%, tetraethl
orthosilicate(TEOS) 98 wt%, tetramethl ammonium hy-
droxide(TMAOH) 25 wt% in water, sodium hydroxide
(NaOH) 99.998 wt%, zinc chloride 95 %, A.C.S. reagent
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Fig. 1. Schematic diagram of the process for synthesis of
TMA-A zeolite and ZnO incorperated TMA-A zeolite.
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Fig. 2. XRD patterns of TMA-A zeolite synthesized at 100°C
for (a) 1 day, (b) 2 days and (c) 3 days.
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Fig. 3. XRD patterns for (a) TMA-A zeolite and ZnO incorperated TMA-A zeolite fabricated at (b) 400°C, (c) 450°C, (d) 500°C, (e)
550°C, (f) 600°C as a function of temperature, and (g) ZnO.
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Fig. 4. High magninifications of the XRD-patterns in Fig. 3 in the 20 range of 30~40° for (a) TMA-A zeolite and ZnO incorperated
TMA-A zeolite fabricated at (b) 400°C, (c) 450°C, (d) 500°C, (e) 550°C, (f) 600°C, and (g) ZnO.

Fig. 5. SEM images of the TMA-A zeolite for (a) 1 day, (b) 2 days and (c) 3 days as a function of reaction time at 500°C.
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Fig. 6. SEM images of ZnO incorperated TMA-A zeolite fabricated at (a) 25°C, (b) 400°C, (c) 450°C, (d) 500°C, (e) 550°C, and
(f) 600°C for 3 days as a function of temperature.
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Fig. 7. Particle size distribution and TEM images of TMA-A zeolite synthesized at 500°C, showing the average size of (a) 60 nm,
and (b) 100 nm.

EE¥9L TMA imagesS YERNATE. Fig. 7(ay= effec-
tive diameter7} 100.4 nm(polydispersity 0.228, sample
quality: 8.2/12.56 %)= YEPIIL, (b)= effective diameter
7} 60.4 nm(polydispersity 0.202, sample quality 9.8/
100 %)°] AxE Yt o] Zx2 Hol TMA-A
ALe}olE 7} 60~100 nm7HA] thFaA @4dol 7Fsd
S & Ao, ol e &)X MR tE A
e 7AA depe A3z 48 5 o Fig
7(c), (d)2] TEM imageol|Ax AZE ZnOE HA|AX
TMA-A AL EQ] Ao cubic XYL HoFT}
BET 340l oA 550°CelA sk4&dt TMA-A AleEt
olESE shash e AL vlwsdch. sHska gk
TMA-A AL} ET} 668.02 mYg, 550°CoA da3lo]
g TMA-A AlZe}olE7E 939.17 mYgR  UERY
BET#ke] 71k & = dvh. 550°ColA shaxated o
4 TMA-A Xil%E}OlE—c 274 Woll ot & =<
=3 f71E0] AAE BETHOl S7H S & 5 3

4 24 %
FaSgEez S Axd TMA-A ALelolE U
ol o] LWL o] g3l L Alo]=e] znO AH S

AeHoE AT TMA-A AlSEto|Ee] HA g
4 2A¥EE Al(i-pro);: 2.2 TEOS : 2.4 TMAOH : 0.3
NaOH : 200 H,02.2 # §do]c}t. TMA-A A|&E}o]

E el zno] +24 ®is} glo] 2kst 7P # o]
Ae X 500°Ce] 2L HREAIZRS 30| Qi) Bgh, o]
Z7A9M TMA-A ALeo)|E7L 60~100 nm7HA] tFst
Al ol 7heEe & e, FAde] 3 cubic
T%9S Hol 4t} BETZ =438 v RHAL a1k
A TMA-A ASEO)E7L 668.02 m/g, 550°CollA dka

3 TMA-A AZe}o]E7} 939.17 mY/gZ YER} BETRE

5O
ol VNS & = 3l

o8

[1] A. van Dijken, E.A. Meulenkamp, D. Vanmaekelbergh
and A. Meijerink, “Identification of the transition
responsible for the visible emission in ZnO using quan-
tum size effects”, J. Luminescence 90 (2000) 123.

[2] YJ. Kwon, K.H. Kim, C.S. Lim and K.B. Shim, “Low
temperature synthesis of ZnO nanopowders by the poly-
merized complex method”, Journal of the Korean Crys-
tal Growth and Crystal Technology 12(5) (2002) 229.

[3]J. Lin, X.F. Shu and J.X. Dong, “The synthesis and
mechanical properties of large zeolite sodalite single
crystals”, Studies in Surface Science and Catalysis 158
(2005) 231.

[4] W. Fan, S. Shirato, F. Gao, M. Ogura and T. Okubo,
“Phase selection of FAU and LTA zeolites by control-
ling synthesis parameters”, Microporous and Mesopo-
rous Materials, 89 (2006) 227.

[5] M. Pera-Titus, R. Mallada, J. Llorens, F. Cunill and J.
Santamaria, “Preparation of inner-side tubular zeolite



244 Seok Ju Lee, Chang Sung Lim and Tk Jin Kim

NaA membranes in a semi-continuous synthesis sys-
tem”, Journal of Membrane Science 278 (2006) 401.

[6] H.J. Lee, Y.M. Kim, O.S. Kweon and 1.J. Kim, “Crys-
tal growing and reaction kinetic of large NaX zeolite
crystals”, Journal of the European Ceramic Society, 27
(2007) 581.

[7] LL. Li, P. Launois and Z.K. Tang, “Synthesis and char-
acterization of Se nano-structures inside porous zeolite
crystals”, Applied Surface Science 226 (2004) 36.

[8] A. Pak and T. Mohammadi, “Zeolite NaA membranes
synthesis”, Desalination 200 (2006) 68.

[9] M. Pera-Titus, R. Mallada, J. Llorens, F. Cunill and J.
Santamaria, “Preparation of inner-side tubular zeolite
NaA membranes in a semi-continuous synthesis sys-
tem”, Journal of Membrane Science 278 (2006) 401.

[10] P.R. Patil and S.S. Joshi, “Polymerized organic—inor-
ganic synthesis of nanocrystalline zinc oxide”, Materi-
als Chemistry and Physics 105 (2007) 354.

[11] M.N.R. Ashfold, R.P. Doherty, N.G. Ndifor-Angwafor,
DJ. Riley and Y. Sun, “The kinetics of the hydrother-
mal growth of ZnO nanostructures”, Thin Solid Films
515 (2007) 8679.

[12] C. Bouvy, W. Marine, R. Sporken and B.L. Su, “Nano-
sized ZnO confined inside a Faujasite X zeolite matrix:
Characterization and optical properties”, Colloids and
Surfaces A: Physicochemical and Engineering Aspects
300 (2007) 145.

[13] F. Meneau, G. Sankar, N. Morgante, S. Cristol, C.R.A.
Catlow, J.M. Thomas and GN. Greaves, “Characteriza-
tion of zinc oxide nanoparticles encapsulated into zeo-
lite-Y: An in-situ combined X-ray diffraction, XAFS,
and SAXS study”, Nuclear Instruments and Methods in
Physics Research Section B 199 (2003) 499.

[14] T. Tiirk, F. Sabin and A. Vogler, “Optical properties of
zinc oxide clusters encapsulated in a zeolite host”,
Materials Research Bulletin 27 (1992) 1003.




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


