ISSN 1070-4272, Russian Journal of Applied Chemistry, 2017, Vol. 90, No. 2, pp. 193—197. © Pleiades Publishing, Ltd., 2017.
Original Russian Text © T.P. Maslennikova, O.Yu. Sinel shchikova, N.V. Besprozvannykh, E.N. Gatina, S.K. Kuchaeva, V.L. Ugolkov, 2017, published in Zhurnal

Prikladnoi Khimii, 2017, Vol. 90, No. 2, pp. 171—175.

PHYSICOCHEMICAL
SYSTEMS AND PROCESSES

OF

STUDIES

Hydrothermal Synthesis of Potassium Titanate
Nanotubes Doped with Magnesium, Nickel, and Aluminum

T. P. Maslennikova*, O. Yu. Sinel’shchikova, N. V. Besprozvannykh,
E. N. Gatina, S. K. Kuchaeva, and V. L. Ugolkov

Grebenshchikov Institute of Silicate Chemistry, Russian Academy of Sciences,
nab. Makarova 2, St. Petersburg, 199155 Russia

*e-mail: maslennikova.tp@jiscras.ru

Received November 29, 2016

Abstract—Study of the phase formation in the systems TiO,—~MO(M,05)-KOH-H,0 (M = Mg, Ni, Al) from
crystalline and coprecipitated X-ray-amorphous mixtures demonstrated that doped potassium titanate nanotubes
can be obtained in a hydrothermal treatment of coprecipitated hydroxides in the temperature range 170-220°C.
The average outer diameter of the thus synthesized nanotubes strongly depends on the element being introduced
and is 5 to 10 nm. The nanotubes have a large specific surface area (200-300 m? g-1) and are stable up to a tem-
perature of 500°C, above which they decompose to give potassium hexatitanate. The nanotubes can be used as
sorbents, photocatalysts, and components of composite materials for frictional and construction purposes.
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Alkali metal polytitanates of general formula
M,Ti,0,,; (M =Na, K) have, depending on n, a layered
(n=3,4,5) or tunnel structure (n =6, 7, 8) formed by zig-
zag layers of titanium-oxygen octahedra. Figure 1 shows
schematically the arrangement of layers at various values
of n [1]. Depending on their composition and structure,
these compounds can be used as solid electrolytes, insula-
tors, sorbents, and photocatalysts and also can serve as a
basis for composite frictional and construction materials
[2—-8]. These complex oxides can be effectively used in
many of these application fields only when obtained in
the highly dispersed phase. Recently, a large number of
publications have been concerned with various methods
for synthesis of these compounds in the nanosize state.
Nano- and microscopic rods, as well as nanowires and
whiskers, are obtained by high-temperature calcination
of a mixture of mechanically dispersed components and
by the method of crystallization in a melt [1, 2, 9—11].
Rolling-up of zigzag layers into tubular structures is
observed under hydrothermal conditions, which makes
substantially larger the specific surface area of the result-
ing material [4].
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Russian and Indian researchers have extensively
studied the influence exerted by various substitutions
in the octahedral framework of ceramic K,Ti,O, [6, 7,
11-14]. The effect of doping of titanate nanotubes with
cobalt on the photocatalytic activity in the reaction
of decomposition of organic compounds was studied
in [15]. According to the results of these studies, the
substitution of titanium with cations of another valence
leads to a change in the energy gap width, shift of optical
parameters, and increase by approximately an order
of magnitude in the specific surface area. Therefore, a
study of isomorphic substitutions in potassium titanate
nanotubes seems to be a topical task whose solution
will extend even more the opportunity for application of
materials based on alkali metal polytitanates.

The goal of our study was to examine the influence
exerted by the crystalline state of the starting mixtures
and by parameters of the hydrothermal treatment on the
formation of potassium titanate nanotubes in substitution
of a part of titanium ions with ions of another valence
(AL, Mg, and Ni).
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Fig. 1. Schematic structure of polytitanates M,Ti,0,,,; (M =
Na, K) at varied content of titanium [1].

EXPERIMENTAL

We synthesized samples by the hydrothermal treatment
of two different starting mixtures. The first of these was
produced by mixing of stoichiometric amounts of oxides
of the required metals, and the second, by coprecipitation
of hydroxides of the metals.

For the first synthesis method, we took weighed
portions of the oxide TiO, (special-purity grade) in the
anatase modification and oxides of doping metals MgO
(chemically pure), NiO (pure), and Al,O; (chemically
pure). The fraction of the oxides being introduced was
2.5 mol %. The oxides were mixed in an agate mortar
with a minor amount of water, and after drying the
mixture was placed in a 10 M aqueous solution of KOH
(chemically pure) and agitated with a magnetic rabble for
1 h. Further, the suspension was placed in autoclaves for a
hydrothermal treatment. The ratio between the oxides and
the alkaline solution was 1 g per 10 mL of the solution;
the inner volume of the autoclaves was 80% filled with the
suspension. The samples produced by the given method
were subjected to a hydrothermal treatment for 24 h at
temperatures of 170—180°C, the pressure in the autoclaves
was 1—-10 MPa. Steel autoclaves with a Teflon liner were
used to synthesize samples at 170-180°C, and those with
a platinum liner, for synthesis at 220°C.

To obtain the starting precursors by the second
method, we precipitated the hydroxides with NH,OH (23-
5 brand, special-purity grade) from mixtures of aqueous
solutions of titanium tetrachloride (TiCl,, special-purity

grade) and salts of the doping elements: MgSO,-7H,0O
(chemically pure), NiCl,-6H,O (chemically pure), and
Al(NO;);-9H,0 (special-purity). The amounts of the
salts were taken so that the content of a doping element
was 2.5 and 5.0 mol % in terms of the corresponding
oxides. The precipitation was performed at pH 9, and
after that the resulting precipitates were thoroughly
washed with distilled water to remove soluble impurities
and filtered until a negative reaction to chlorine ions
was reached. Prior to a hydrothermal treatment, the
obtained compositions were dried at 7= 100°C for 3 h
and mechanically ground. The hydrothermal treatment
of this set of samples was performed in the temperature
range 170—180°C. The ratio between the alkaline solution
and the air-dry powder, treatment duration, and degree of
autoclave filling was the same as those in the first case.

The phase composition of the samples was found
from powder diffraction patterns measured with a
DRON-3 X-ray diffractometer (CuK, radiation). An
integrated thermal analysis was made on a Netzsch
STA 429 thermal analyzer in the temperature range
25-1200°C at a heating and cooling rate of 20 deg min-1,
with the sample mass being about 100 mg. The onset of
a thermal effect was determined from the intersection of
tangents to the base line of DSC curve and to the initial
branch of the thermal-effect curve. The shape and size
of nanoparticles was determined by high-resolution
transmission electron microscopy (HRTEM) on a JEOL-
2100F electron microscope at an accelerating voltage
of 200 kV (wavelength 0.25 A) (Physical-Technical
Institute, Russian Academy of Sciences). The specific
surface area of the starting samples was determined
by the method of low-temperature nitrogen adsorption
and processing of the resulting data by the Brunauer—
Emmett—Teller (BET) equation. The measurements were
made with a Quantachrome Nova-1200e gas analyzer.
The samples were preliminarily dried at 200°C for 1 h.
The error in determining the specific surface area did
not exceed 5%.

According to the results of an X-ray phase analysis
(XPA), the treatment for 24 h at a temperature of 180°C
was insufficient, when anatase was used as a starting
component, for a full occurrence of the reaction in which
nanotubes were formed, with a considerable amount of
unreacted titanium oxide remaining in the product (Fig. 2,
curve /). In this case, potassium titanate nanotubes
were obtained under the hydrothermal conditions at a
synthesis temperature of 220°C. Introduction of oxides

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 90 No. 2 2017



HYDROTHERMAL SYNTHESIS OF POTASSIUM TITANATE 195

4 TiO, anataze
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Fig. 2. Diffraction patterns of samples produced by hydrothermal
treatment in a 10 M KOH solution for 24 h: TiO, with anatase
structure at (/) 180 and (2) 220°C and (3) hydrated titanium
dioxide at 170°C. (20) Bragg angle; the same for Figs. 3 and
6. TiO, (anatase)

of doping metals into the starting stock does not yield
a homogeneous product, with reflections related to
the oxides being introduced present in the diffraction
patterns. If the coprecipitation method is used to prepare
the starting mixtures, the temperature of the reaction in
which nanotubes are formed decreases (Fig. 2).

According the XPA with the diffraction patterns
presented in Fig. 3, the starting mixtures are strongly
amorphized powders with the strongly broadened peaks
at 20 angles in the ranges 2040 and 40-50°, in which the
strongest reflections lie upon a hydrothermal treatment.
This confirms that an intimate bonding between metal-
oxygen octahedra is already formed in this stage.

Under the hydrothermal conditions, nanotubes
crystallize from the precipitated hydroxides, which is
confirmed both by the results of XPA (Fig. 3, curves /-3)
and by TEM data (Fig. 4). The results of a microprobe
analysis (EDX) confirmed that nanotubes contain
doping components in the amount corresponding to
that introduced in precipitation, which confirms the
isomorphic incorporation of magnesium, nickel, and
aluminum into titanium-oxygen layers. In this case,
a change in the average size of the octahedra affects
the outer diameter of nanoparticles being crystallized.
Nickel-doped nanotubes have an average outer diameter
of 10-11 nm and specific surface area of 301 m2 g1,
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Fig. 3. Diffraction patterns of (4—6) starting mixtures produced
by the coprecipitation method and (/—3) products of their
hydrothermal treatment in a 10 M KOH solution for 24 h.
The composition of the precipitate corresponded to the ratio
0.95TiO, : 0.05MO (M,03), where M is (1, 4) Ni, (2, 5) Al,
and (3, 6) Mg. The Akl indices are specified according to [16].

Fig. 4. Micrographs of potassium titanate nanotubes produced
by hydrothermal treatment of precipitates of composition
0.95TiO, : 0.05MO (M,0;), where M = (a) Ni, (b) Al, (c) Mg.

and those containing magnesium and aluminum, 7—8 nm

(294 m2 g-1) and 5-6 nm (220 m2 g1), respectively.
Despite their largest outer diameter, the larger specific

surface area of the nickel containing titanate nanotubes,
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Fig. 5. DSC and TG curves for heating of potassium titanate
nanotubes nanotubes produced by hydrothermal treatment of
precipitates of composition 0.95TiO, : 0.05SMO (M,03), where
M = (1) Ni, (2) Al, (3) Mg. (T) Temperature.

seen in the micrographs in Fig. 4, is in all probability due
to their weaker agglomeration.

The thermal stability of the resulting nanomaterials
was examined by means of an integrated thermal analysis.
It was found (Fig. 5) that, up to a temperature of 300°C,
there occurs dehydration of the synthesized nanoparticles,
accompanied by a strong endothermic effect and by a
loss of mass in the range from 8 to 12%. Upon further
heating in the temperature range 500—1050°C, the tubular
structure gradually disintegrates, which is accompanied
by a strongly broadened exothermic effect in the DSC
curves.

- TiO, anataze
A T102 rutile

20, deg

Fig. 6. Diffraction patterns of nickel-doped potassium titanate
nanotubes (/) before and (2, 3) after calcination for 1 h at
temperature of (2) 600 and (3) 900°C (the peaks not indicated
at the curves belong to the K, TizO,; phase).

The X-ray diffraction patterns of samples calcined at
600°C show a decrease in the intensity of the [200] and
[312] reflections, which is probably due to the gradual
formation of particles having a different morphology. The
recrystallization and sintering, with particle size growing
from nano- to micrometers, occurs in the temperature
range 900-1200°C (Fig. 6), with the main crystallizing
phase being in this case K,TigO,; and residual TiO,. In
the temperature range 850—1000°C, there also occurs a
phase transition of anatase formed in the decomposition
of nanotubes to rutile.

CONCLUSIONS

(1) It was found that, with the method of joint
precipitation of hydroxides used to obtain the starting
mixtures, it is possible to lower the hydrothermal
treatment temperature necessary for crystallization of
potassium titanate nanotubes from 220 to 180°C and to
effectively introduce doping components in this stage.

(2) It was demonstrated that the isomorphic
substitution of titanium ions in the octahedral framework
with other cations leads to a change in the geometric
size and, accordingly, in the specific surface area of
the resulting nanotubes: nickel-doped samples have
an average outer diameter of 10—11 nm, and those
containing magnesium and aluminum, about 8 and
5—6 nm, respectively.

(3) The thermal properties of the nanotubes were
examined. [t was shown that the samples are stable up to
500°C and decompose above this temperature.

ACKNOWLEDGMENTS

We are grateful to A.A. Sitnikova and D.A. Kirilenko
(Physical-Technical Institute, Russian Academy of
Sciences) for performing the electron-microscopic
analyses and to E.Yu. Brazovskaya (Institute of Silicate
Chemistry, Russian Academy of Sciences) for measuring
the specific surface area of the samples.

The study was financially supported by the Russian
Foundation for Basic Research (project no. 16-33-60201
mol_a dk).

REFERENCES

1. Sutrisno, H. and Siswani, E.D., J. Sains Tek., 2006, vol. 12,
pp. 71-77.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 90 No. 2 2017



HYDROTHERMAL SYNTHESIS OF POTASSIUM TITANATE

. Feng, X., Diao, X., Shi, Y., et al., Wear, 2006, vol. 261,
pp- 1208-1212.

. Tan, S., Zhang, Y., and Gong, H., J. Water Envir. Technol.,
2007, vol. 5, no. 1, pp. 13-18.

. Shahid, M., El Saliby, 1., McDonagh, A., et al., J. Envir.
Sci., 2014, vol. 26, no. 11, pp. 2348-2354.

. Allen, M.R., Thibert, A., Sabio, E.M., et al., Chem. Mater-.,
2010, vol. 22, pp. 1220-1228.

. Maurya, D. and Chand, P., J. Alloys Compd., 2008,
vol. 459, nos. 1-2, pp. 418-424.

. Shripal Maurya, D. and Shalini Kumar, J., Mater. Sci. Eng.
B, 2007, vol. 136, no. 1, pp. 5-10.

. He,M., Lu, X.-H., Feng, X., et al., Chem. Commun., 2004,
pp. 2202-2203.

. Sanchez-Monjaras, T., Gorokhovsky, A.V., and Escalante-

10.

11.

12.

13.

14.

15.

16.

197

Garcia, J.1., J. Am. Ceram. Soc., 2008, vol. 91, no. 9,
pp. 3058-3065.

Kang, S.-O., Jang, H.-S., Kim, Y.-L., et al., Mater. Lett.,
2007, vol. 61, pp. 473-477.

Wanga, Q., Guo, Z., and Chung, J.S., Mater. Res. Bull.,
2009, vol. 44, pp. 1973-1977.

Siddiqui, M.A., Chandel, V.S., Shariq, M., and Azam, A.,
Mater. Sci. Poland, 2013, vol. 31, no. 4, pp. 555-560.
Siddiqui, M.A., Chandel, V.S., Shariq, M., and Azam, A.,
J. Mater. Sci: Mater. Electron., 2013, vol. 24, pp. 4725-4731.
RF Patent 2 466 791 (publ. 2012).

Ferreira, V.C., Nunes, M.R., Silvestre, A.J., and
Monteiro, O.C., Mater. Chem. Phys., 2013,vol. 142, no. 1,
pp- 355-362.

Zhang, J., Wang, Y., Yang, J., et al., Mater. Lett., 2006,
vol. 60, pp. 3015-3017.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 90 No. 2 2017




<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS (Pfeps)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


		2017-05-29T14:32:25+0300
	Preflight Ticket Signature




