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42 Fig. S1 Photos of AA,LAA and LaOOH.
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Fig. S2 XRD patterns of various LAAs synthesized at different calcination temperatures
(x-Al,O;PDF No. 13-0373).

The XRD results suggested that there were no new crystals in LAA compared
with AA. The results indicated that LaOOH supported on LAA were amorphous. This
result is inline with our previous work'. The characterization peaks of Al,O; were
weaker upon LaOOH impregnation, indicating that A1,O3; was covered by LaOOH.
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76  Table S1. Pore volume and diameter of AA and LAA.

Pore volume Pore diameter of Pore diameter of
(mL g'l) micropore (nm) mesopore (nm)
AA 0.4485 0.588 3.94
LAA 0.3038 0.488 3.706
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Fig. S3 EDS of flake structures on LAA.
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113 Fig. S4 EDS elemental mapping of F, La, and Al on LAA adsorbed with F.
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138 Fig. SS ngh resolutlon transm1ss10n electron mlcroscope HRTEM of LAA.

139

140 As shown in Fig. S4, the only interplanar distance we found in LAA is1.98 A (=
141 0.20 nm), corresponding to x-Al,O3 (1 0 4) (PDF No. 13-0373) in our XRD results.
142 The XRD and HRTEM results showed that there is no crystalline form of La, 03,
143 LaOOH or LaAlO; in LAA, suggesting that the lanthanum oxides supported on LAA
144 are amorphous. This result is in agreement with our previous work'.
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EXAFS Data collection

The La LIII-edge spectra were collected at beamline 14W1 of the Shanghai
Synchrotron Radiation Facility (SSRF), China. The spectra were taken under standard
SSRF operation conditions (2.8 GeV and 150-280 mA) with a double-crystal Si (111)
monochromator. The spectra were collected with a fluorescence detector positioned at
a 90° angle to the incident beam at room temperature. Three scans were collected
from each sample, inspected for overall quality and averaged to improve the
signal/noise ratio.

EXAFS data analysis was performed using the ATHENA and AETEMIS
program in the IFEFFIT computer package.>” The analysis procedure was similar to
our previous studies.* > The raw data measured in intensities were converted to w(E),
and averaged spectra were used in the analysis. The EXAFS signal y(k) was extracted
from the measured data using the AUTOBK algorithm® where k is the photoelectron
wave number. The primary quantity for EXAFS is then y(k), the oscillations as a
function of photoelectron wave number. y(k) was weighted by k? to account for the
dampening of oscillations with increasing k. The different frequencies in the
oscillations in y(k) correspond to different near neighbor coordination shells which
can be described and modeled according to the EXAFS equation

x(k) = Z N J( ) sm[2kR +8,(4)]
J

where f(k) and 6(k) represent the photoelectron backscattering amplitude and
phase shift, respectively, N is the number of neighboring atoms, R is the distance to
the neighboring atom, and the 6° is the Debye-Waller factor representing the disorder
in the neighbor distance. The &* weighted EXAFS in k-space (A™) was Fourier
transformed (FT) in R-space (A). The experimental spectra were fitted with
single-scattering theoretical phase-shift and amplitude functions calculated with the
ab initio computer code FEFF6' using atomic clusters generated from the crystal
structure of a-La,O3; and SrLa (AlO4). The many-body amplitude reduction factor
(So?) was established as 0.78 by isolating and fitting the first-shell La-O of LaOOH
spectrum. The spectrum was fit by first isolating and fitting the first-shell La-O to
estimate AEy, the difference in threshold energy between theory and experiment. Then
AE, was fixed to the best fit value from first-shell fitting and kept the same for all
interatomic shells in a given spectrum. In addition, the AEO value was allowed to float
by no more than £10 eV. The parameters such as interatomic distance (R),
coordination number (CN), and Debye-Waller factor (6%) were first established with
reasonable guesses and were fitted in R-space. The error in the overall fits was
determined using R-factor, the goodness-of-fit parameter: R-factor = X(Ydata—
it /Z(Ydata) - Good fits occur for R-factor < 0.05.
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Table S2 Structure parameters derived from La Ly-edge EXAFS analysis.

AE
Sample shell CN*® R (A)® o’ (A% ¢ R-factor®
(eV)*

La-O 76+22 258+£0.04 0.010=+0.008

LaOOH La-O 1.0+£0.2 3.56+0.34 0.016 +0.007 6.75 0.028

La-La 33+14 422+0.07 0.031+0.012

La-O 7.7+14 256+0.06 0.007=+0.003
La-Al 3712 3.19+£0.12 0.018+0.010

LAA 2.36 0.012
La-La 35+1.5 343+0.16 0.028+0.013

La-La 43+14 4.12+0.18 0.033+0.015

* coordination number. "interatomic distance. “Debye-Waller factor. ¢ threshold energy
shift. ¢ goodness-of-fit parameter: R-factor = Z(yata— Xﬁt)z/Z(Xdata)z
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215

216 Fig. S6 High resolution XPS surveys of F 1s for spent AA (A), LAA (B), and LaOOH (C) Vertical
217 lines indicate Al-F (blue) and La-F (red) at 685.7 + 0.1 eV and 684.4 = 0.1 eV, respectively.
218

219  The high resolution XPS surveys of F 1s for spent AA, LAA and LaOOH were used
220  to explore the F adsorption on the adsorbents. The F 1s spectra were simulated by

221 considering two peaks from Al-F and La-F.*® The peak position of AI-F at 685.7 eV
222 was observed in AA and LAA. Moreover, the peak of La-F at 684.4 eV was resolved
223  in LaOOH and LAA.
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249 Fig. S7 F dsorption isotherms on LaOOH and the mixture of AA and LaOOH (with 20 wt.% La).
250 Adsorbent=1g L', pH = 7, Temperature = 298 + 2 K. Inset Table: Langmuir parameters: Qm is
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251 the maximum adsorption amount (mg g™), b is Langmuir constant (L mol™), and r* is the
252 correlation coefficient.
253

254  As shown in Fig. S7, the F adsorption capacity of the mixture of AA and LaOOH
255  (13.2mg g") is no better than that of LAA (16.9 mg g™, Figure 9). In this experiment,
256  the weight percentage of La in the mixture was the same as that in LAA (Fig. 2). The
257  results indicate that LAA takes the advantage of porous AA to anchor the LaOOH
258  flakes, which resulted in uniformly distributed LaOOH for F adsorption. Conversely,
259  the LaOOH powder may aggregate in the solution and less active sites are available
260  for effective F adsorption.

261 In addition, the average particle size of LaOOH was 702.0 ~742.1 nm as
262  determined using a Zetasizer Nano ZS (Malvern Instrument, UK). This small particle
263  size indicates that the LaOOH should have difficulties in the solid/liquid separation
264  and recovery from the treated water. In contrast, LAA was synthesized based on a
265  commercial AA granule with a diameter of 1~3 mm (Fig. S1). This granule is suitable
266  for column water treatment in the large scale.
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Fig. S8 Mechanical strength of AA and LAA.

The mechanical strength of AA and LAA were analyzed using a universal testing
machine at a cross-head speed of 2 mm min”' (Sansi Inc., China). The loads at
crushing for AA and LAA were 52.4 + 12.0 and 60.8 = 11.3 N, respectively. No
significant difference existed between AA and LAA (p=0.883, n=8, Fig. S8). The
good mechanical strength implies that LAA can be used in the large scale and be
easily recovered from treated water.
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Fig. S9 La release from LAA as a function of solution pH.




Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A
This journal is © The Royal Society of Chemistry 2013

324
325
326
327
328
329
330
331
332
333
334
335
336

References:

L ® N DA WD

C. Y. Jing, J. L. Cui, Y. Y. Huang and A. G. Li, Acs App! Mater Inter, 2012, 4, 714-720.

M. Newville, J Synchrotron Radiat, 2001, 8, 322-324.

B. Ravel and M. Newville, J Synchrotron Radiat, 2005, 12, 537-541.

T. Luo, J. L. Cui, S. Hu, Y. Y. Huang and C. Y. Jing, Environ Sci Technol, 2010, 44, 9094-9098.

J.J. Duand C. Y. Jing, J Phys Chem C, 2011, 115, 17829-17835.

M. Newville, P. Livins, Y. Yacoby, J. J. Rehr and E. A. Stern, Phys Rev B, 1993, 47, 14126-14131.
J. M. Deleon, J. J. Rehr, S. I. Zabinsky and R. C. Albers, Phys Rev B, 1991, 44, 4146-4156.

S. D.Yao, Y. Zheng, L. H. Ding, S. Ng and H. Yang, Catal Sci Technol, 2012, 2, 1925-1932.

L. Armelao, G. Bottaro, G. Bruno, M. Losurdo, M. Pascolini, E. Soini and E. Tondello, J Phys
Chem C, 2008, 112, 14508-14512.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /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

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /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 false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile (Color Management Off)

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /FlateEncode

  /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



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENG ()

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



