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Table 1 Percentage of hematite and ferrihydrite Table 2 Percentage of hematite and ferrihydrite
with time in A" -free system with time in AI’°" containing system
I [E] /h T EH R/ % KB E R/ % 5 i /b T A% KRB E Y
Time Percentage of hematite Percentage of ferrihydrite Time Percentage of hematite Percentage of ferrihydrite
0 0.2(1.0) 99.8(1.0)
3 37.6(0.8) 62.4(0.8) 0 0.0(0 100€0
6 72.1€0.7) 27.9€0.7) S 0.000) 100(0)
9 87.3(0.7) 12.7€0.7)
12 86.5(0.7) 13.500.7) 18 0.2(1.1) 99.8CL.D
24 87.3(0.71) 12.7¢0.7) 36 14.7(1.1) 85.3(1.1)
36 91.6(0.8) 8.4(0.8)
48 85.2¢0.7) 14.8€0.7) 60 37.2(0.9) 62.8(0.9)
E S NEFRARFEZM, TR, Note: Numbers within the 96 42.0€0.8) 58.0€0.8)

bracket represent the error values. The same as below.
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Table 3 Fe K-edge EXAFS fitting results of A’ -free system

Fe K-edge Fourier transformed EXAFS spectra of

FE & i i 37 K% JE i/ A RN BEEE SR/ eV 12 R H-F
Sample Path CN R o’ factor E, R factor
Fe—O 1.8(0.5) 1.959(0.008) 0.0116
Feit 0 h Fe— Fey 5.7(1.0) 3.048(0.044) 0.025 5 —5.8(1.4) 118 0.005 6
Fe— Fes 2.900.7) 3.4210.015) 0.013 2
Fe—O 5.2(1.0) 1.959€0.016) 0.012 4
Fe— Fey 2.10.5) 2.945(0.064) 0.008 3
Fe't 3 h —5.8(2.7) 1065 0.003 7
e Fe— Fe; 3.0€0.9) 3.399(0.042) 0.009 6 ¢
Fe—Fe, 1.3€0.7) 3.656(0.013) 0.004 4
Fe—0O 5.6(1.2) 1.958(0.019) 0.012 4
Fe—Fe, 2.2¢0.1) 2.925(0.048) 0.005 6
i —8.0(3.3 956 0.004 4
Fel”-6 b Fe—Fe, 7.9€0.9) 3.380(0.029) 0.013 0 (3.3
Fe—Fe, 1.300.4) 3.650(0.010) 0.006 5
Fe—O 5.7€0.4) 1.9610.021) 0.012 4
Fe— Fey 2.2€0.9) 2.921(0.014) 0.004 9
b —7.3(3.5 785 0.004 3
Fem-oh Fe— Fe, 9.2(1.7) 3.376(0.032) 0.012 3 3.9 ?
Fe—Fey 5.9€0.6) 3.647(0.061) 0.007 4
Fe—O 5.8(1.3) 1.968(0.020) 0.012 9
Fe—F 2.7(0.4 2.929(0,044 0.006 1
Fe''-12 h cra (0.4 ) —6.4(3.3) 1082 0.003 7
Fe—Fe, 8.3(1.7) 3.379(0.022) 0.012 9
Fe—Fe, 5.000.5) 3.655(0.050) 0.006 5
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#£3 3 Continued Table 3
FE il %1% [IRRAS e/ A MFIREMAE T GREE AWM/ eV 12 R W+
Sample Path CN R o? factor E, R factor
Fe—O 5.6(1.3) 1.960€0.021) 0.012 4
. Fe—Fe, 2.000.4) 2.916(0.040) 0.003 9
Fe?*-24 h —8.3(3.4) 574 0.003 8
Fe—Fe, 9.3(1.5) 3.3740.030) 0.012 4
Fe—Fey 5.8(0.6) 3.644(0.057) 0.007 1
Fe—O 5.6(1.3) 1.961€0.021) 0.012 1
. Fe—F 2.1€0.5) 2.918(0.040) 0.004 1
Fe*-36 h e ’ —7.9(3.4) 411 0.003 8
Fe—Fey 8.9(1.4) 3.372(0.032) 0.011 3
Fe—Fes 6.3(0.6) 3.644(0.056) 0.007 5
Fe—O 6.0(1.3) 1.964€0.020) 0.013 2
. Fe—Fe 2.9€0.7) 2.919(0.044) 0.006 5
Fel " -48 h —7.5(3.3) 256 0.003 3
Fe—Fe, 9.4(1.9) 3.376(0.018) 0.014 3
Fe— Fey 5.0€0.4) 3.654(0.045) 0.006 6
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Table 4 Fe K-edge EXAFS fitting results of AI’" containing system

B i i TE 57 %4 JET B/ A TEFF IR T REHEF A 7S 1 R M+
Sample Path CN R o’ factor Eq/ eV R factor
Fe—0O 4.6(0.5) 1.960(0.008) 0.010 7
ABT LFe’ -0 h Fe—Me, 3.8(0.5) 3.048(0.050) 0.021 3 —4.5(1.3) 261 0.006 1
Fe—Me: 2.900.3) 3.428(0.022) 0.013 5
Fe—O 4.6(0.5) 1.951(0.008) 0.010 7
ALt +Fed -8 h Fe— Me, 4.3(0.6) 3.038(0.053) 0.022 1 —6.0(1.4) 636 0.006 2
Fe—Me:; 4.5(0.4) 3.426(0.021) 0.014 8
Fe—0O 4.7(0.5) 1.946(0.008) 0.011 1
AP “FedT-18 h Fe— Me, 2.2€0.7) 2.991(0.030) 0.014 8 —6.9(1.4) 301 0.005 6
Fe— Me; 3.4(0.2) 3.429(0.016) 0.012 9
Fe— 0O 4.8(0.7) 1.950€0.012) 0.011 2
AL +Fedt-36 h Fe— Me; 3.5(0.3) 2.973(0.041) 0.016 0 —6.2(2.0) 832 0.010 2
Fe—Me; 2.7(0.3) 3.392(0.031) 0.012 4
Fe—0O 5.1€0.9) 1.954(0.015) 0.011 5
Fe—Me, 1.7(€0.2) 2.927(0.051) 0.006 4
AT +Fe*t-60 h —7.2(2.5) 243 0.005 1
Fe—Me, 3.4€0.7) 3.389(0.064) 0.009 7
Fe—Me; 1.4€0.4) 3.642(0.016) 0.004 9
Fe— 0O 5.1€0.9) 1.954(0.015) 0.011 2
Fe— Me, 1.8(0.3) 2.930(0.056) 0.006 6
AlPT +Fe*"-96 h —7.9(2.6) 472 0.004 9
Fe—Me; 4.5(0.5) 3.389(0.032) 0.012 2
Fe—Me; 1.6€0.4) 3.651(0.011) 0.004 3
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Abstract Ferrihydrite is one of the most common iron (oxyhydr)oxides in the environment.Owing
to its large specific surface area and unique features of structure,ferrihydrite plays an important role in
controlling the transport and fate of various pollutants. As a metastable mineral, ferrihydrite can be
transformed into other iron (oxyhydr)oxides under certain conditions. Aluminum (Al) commonly exists
in the environment during the formation and transformation of various iron (oxyhydr)oxides,and thus
may probably play an important role in the formation and transformation of ferrihydrite,which is rarely
explored.In the present study,modern spectroscopy techniques including powder X-ray diffraction and X-
ray absorption spectroscopy were used to study the effect of AI’" substitution on the transformation
process of ferrihydrite into hematite. The results showed that self-assembly process of primary nanoparti-
cles and Ostwald ripening process was involved in transforming ferrihydrite into hematite.On one hand.,
AIP" substitution reduced the conversion rate of ferrihydrite to hematite.On the other hand, AI’" substi-
tution promotes the conversion of edge-sharing [ FeOs ] to face-sharing [ FeOg ], resulting in the transfor-
mation of ferrihydrite into hematite.

Keywords iron (oxyhydr)oxides; aluminum substitution; crystal growth; ferrihydrite; hematite;

X-ray diffraction; X-ray absorption spectroscopy
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