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Molecular sieves and zeolites are materials whose crystalline frameworks form nanometre or subnanometre pores. A variety
of different crystal structures are known having a range of pore sizes. Because the pore sizes are usually smaller than 2 nm,
they are classified as microporous materials. Although microporous materials have ordered structures over the nanometre
scale, they do not typically have ordered structures at larger dimensions. Crystals with a well-defined morphology and a small
size distribution can be used as building blocks for generating complex structures by particle assembly techniques. Synthesis
of microporous materials is usually conducted by a high temperature treatment (80-200 oC) of aqueous synthesis gels. The
process of heating aqueous mixtures to elevated temperatures for crystallization is typically described as hydrothermal
synthesis. The raw materials for synthesis of microporous materials include silicon and aluminum containing precursors, an
organic structure directing agent (SDA), and a fluoride-containing mineralizing agent. AlPO4-5 nano-zeolite has been
synthesized via a hydrothermal technique. The crystals have been structurally characterized using X-ray diffraction (XRD),
a scanning electron microscope (SEM), and energy dispersive X-ray analysis (EDAX). The effect of crystallization temperature
and duration on morphology of the powder have been studied.
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Introduction

Zeolites have crystalline structures with uniform,
molecular-sized pores. These inorganic structures have
been used extensively as catalysts and adsorbents. More
recently, continuous polycrystalline zeolite layers have
been deposited on porous supports and used as zeolite
membranes [1]. AlPO4-5 has a hexagonal open framework
structure with a = 13.827 Å, b = 13.827 Å, c = 8.580 Å
and α = 90o, β = 90o, γ = 120o. The structure is composed
of alternating alumina and phosphate tetrahedra with the
main porosity along the [001] plane as seen in Fig. 1.
The pore size of AlPO4-5 is 7.3 Å. The space group is

P6/mcc (mass centered cubic), and the largest ring size
is 12 atoms. Bulk AlPO4-5 has the powder X-ray diffraction
pattern shown in Fig. 2, which is taken from the database
of zeolite structures of the International Zeolite Association
[2]. It has typical unit cell composition is |(C12H28N) (H2O)×
(OH)| [Al12P12O48] [3].
In this study, we prepared nano-sized AlPO4-5 crystals

by an aging process of a gel and a hydrothermal as
synthesis method.

Experimental

Aluminum triisopropylate (Al(C3H7O)3) has been used
as source of the Al, orthophosphoric acid (H3PO4) has also
been used as the source of P. AlPO4-5 was hydrothermally
synthesized with different initial solutions with a com-
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Fig. 1. Framework viewed along [001] (upper right: projection
down [001]).

Fig. 2. The standard XRD pattern of AFI [2].
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position Al2O3 : 1.3 P2O5 : 1.6 TEA : 1.3 HF : 425 H2O :
6 C3H7OH and conditions of hydrothermal crystallization
are as follow :
The reactants were phosphoric acid (H3PO4 85 wt%),

triethylamine (TEA, 99.5%) (C2H5)3N and hydrofluoric
acid (HF, 40 wt%). First, H3PO4 was added to deionized
water. Aluminum triisopropylate was put in the beaker
containing the mixture at 0 oC then the mixture stirred
at room temperature for 2 hour to homogenize. TEA was
added to the mixture dropwise into the reaction mixture
while stirring. In a parallel process, another solution was
prepared by pulting HF in deionized water. The first
solution was then added to the latter rapidly and left to
homogenize by stirring for 2 h at room temperature.
The prepared gel was transferred to a Teflon-lined steel
autoclave. The autoclave putted into a preheated oven, and
maintained at a temperature of 180 oC for 6 h without
agitation; after crystallization, the autoclave was cooled
to room temperature. The product was obtained by a
Buchner vacuum filtration funnel, washed with deionized
water to gain a pH under 10 and dried at 353K overnight.
The product was washed and dried, calcined at 600 oC
for 4 h. The gel was crystallized in four conditions at
180 oC and 165 oC, and for 6 h and 10 h.

Results and Discussion

The accuracy of the prepared AlPO4-5 was established
using XRD and SEM analysis. Fig. 3 shows XRD patterns
of the powder product. The pattern corresponds to the
XRD of the standard sample shown in Fig. 2. Using
calculations done on the basis of the XRD data the Scherrer
equivalent particle size of the synthesized AlPO4-5 is
estimated as 52 nm (Eq. 1) :

. (1)

The effect of the hydrothermal duration on the morphology
of AlPO4-5 crystals has been studied. A longer hydro-
thermal duration in the synthesis affected the size of the
crystals. The crystals which were synthesized for 10 h
are larger than crystals synthesized for 6 h as shown in
Fig. 4. The XRD patterns of the samples which were
synthesized for 10 h indicate a higher level of crystallinity
than those synthesized for 6 h (Fig. 3).
The morphology of the crystals changed by increasing

the crystallization temperature. Increasing the temperature
from 165 oC to 180 oC led larger crystals to be formed
which have less crystallinity. SEM micrographs shown
in Fig. 4 and the XRD patterns of products are similar
to perfect AlPO4-5 crystals.

Conclusions

The synthesis and characterization of AlPO4-5 powder
were investigated. Crystals were obtained from crystallization
of a precursor gel with sizes as small as 38-52 nm. A

D 0.9λ βsample⁄ cos θ( )=

Fig. 3. XRD patterns of the prepared AlPO4-5 crystals : a. 10 h
and b. 6 h.

Fig. 4. SEM images of the prepared AlPO4-5 crystals : a. 10 h and
b. 6 h.
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template-free hydrothermal treatment was used in this
study, so post-treatment calcinations have been omitted.
XRD patterns of the powders obtained in Fig. 3 showed
a high-crystallinity AlPO4-5 phase. The SEM images
and Scherrer equation showed that the nano-size of the
AlPO4-5 powder was approximately 38-52 nm. And,
according to the EDAX results, the P/Al ratio in prepared
AlPO4-5 powder was 2. Crystals with sizes ranging from
2 µm to about 20 µm along the hexagonal c-axis can be
better synthesized with good yields when the crystallization
temperature was increased and the heating time decreased.

References

1. T.C. Bowen, R.D. Noble and J.L. Falconer, J. Membr. Sci.,
245 (2004) 1-33.

2. C. Baerlocher, W. Meier and D. Olson, Database of Zeolite
Structures, International Zeolite Association, 2010, Accessed
20 December.

3. Ch. Baerlocher, L.B. McCusker and D.H. Olson, in “Atlas
of Zeolite framework types” (Elsevier, 2007) pp. 35-36.



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


