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Abstract: Phyllosilicate minerals and aluminum (Al) oxides are the main sources of Al activation in the soil acidification process
and they are also active parts of soil chemical reactions. [ Objective ] The phyllosilicate minerals in soils are usually tightly

bound to Al oxides and organic matter. Therefore, Al mobilization during soil acidification should be affected by soil organic
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matter and Al oxides. However, the effect and mechanism of Al oxides on the activation of Al during phyllosilicate minerals and
soil acidification are not well understood. [ Method ] Since the mobilization of Al is very sensitive to changes in system pH, the
pH of mineral and soil suspensions was precisely controlled by constant pH automatic potentiometric titrator in this study, and the
effects of gibbsite on kaolinite and amorphous AI(OH); on Al mobilization during kaolinite and montmorillonite acidification
were studied. In addition, the Al activation kinetics of two Al oxides and two phyllosilicate minerals at different pH were studied.
Finally, a red soil developed from quaternary red clay was treated with Al coating, and the effect of Al coating on soil Al
activation was studied. [ Result] Al coating treatment did not change the d values of the diffraction peaks for kaolinite and
montmorillonite. However, the intensity of the diffraction peaks for the two minerals decreased. This can be attributed to the
physical masking of Al oxides on the kaolinite and montmorillonite. The results showed that the gibbsite can promote the
mobilization of Al during kaolinite acidification. The Al coating can inhibit the production of exchangeable Al and promote the
activation of soluble Al during kaolinite acidification. For montmorillonite, amorphous Al(OH); was found to promote the
production of exchangeable Al. The Elovich equation and the zero-order kinetic equation were used to fit the kinetic data,
respectively. The results of Al mobilization kinetics of the four minerals showed that the release rate of Al followed the order:
amorphous Al(OH); > montmorillonite > kaolinite > gibbsite. The releasing order of Al from montmorillonite, kaolinite and
gibbsite was consistent with their weathering sequence. After red soil was treated with Al coating, the contents of exchangeable Al
and soluble Al in the soil increased significantly when the soil was acidified to pH 4.3, and the increase of soluble Al was greater
than that of exchangeable Al. This is consistent with the result of Al-coated kaolinite, mainly because the main clay mineral in the
soil was kaolinite. The increase in exchangeable Al was mainly because some hydromica and vermiculite were also present in the
soil. [ Conclusion ] Therefore, Al oxides showed different effects on the mobilization of Al from different phyllosilicate minerals,
which was mainly related to the nature of the minerals (e.g., 1 : 1 or 2 : 1 phyllosilicate minerals) . The influence of Al oxides on
Al mobilization in soils during soil acidification was mainly related to the type and content of clay minerals contained in the soils.
The results of this study can provide evidence for elucidating the activation mechanism of soil Al and a reference for the
inhibition of soil Al mobilization during soil acidification.

Key words: Soil acidification; Kaolinite; Montmorillonite; Gibbsite; Aluminum oxides; Aluminum mobilization
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Fig. 1

X-ray diffraction patterns of gibbsite, amorphous Al (OH ) ; (a), kaolinite, Al-coated kaolinite (b ), montmorillonite, and Al-coated

montmorillonite (¢ ) ( G: gibbsite, K: kaolinite, M: montmorillonite, Q: quartz )
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Fig.2 Effect of aluminum oxides on HCI consumption ( a ), exchangeable aluminum content ( b ) and soluble aluminum content ( ¢ ) during the

aluminum mobilization of kaolinite
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Fig. 3 Effect of aluminum oxides on HCI consumption ( a ), exchangeable aluminum content ( b ) and soluble aluminum content ( ¢ ) during the

aluminum mobilization of montmorillonite
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Table 2 The results of fitting kinetics equations of mobilization of aluminum from different minerals
(R AL UG e HHIE R AL
pH
Mineral Activated Al Fitting equation Correlation coefficient
el 0.192 3Ln (t) +0.749 4 0.942 5
4.0 .
BETE LR 0.672 3Ln (t) +2.904 3 0.984 2
A P 0.087 7Ln (t) +0.535 6 0.929 4
45 R
Kaolinite AETE LR 0.376 5Ln (t) +2.394 5 0.973 7
il 0.0349Ln (t) +0.518 2 0.6714
5.0 R
AETE LR 0.198 7Ln (t) +1.817 5 0.955 1
el 0.110 7Ln (t) +0.560 2 0.906 2
4.0 )
JERGERCE A 1.183 7Ln (t) +12.90 5 0.959 7
S KLY 0.109 6Ln (t) +0.412 1 0.9159
45 )
Montmorillonite PERGERCE A 0.569 4Ln (t) +6.703 7 09178
KPR 0.076 4Ln (t) +0.300 8 0.841 6
5.0 )
JERGERCE A 0.491 6Ln (t) +2.537 0.8779
4.0 AR 161.74Ln (t) +118.59 0.987 4
T A Ak ,
45 AR 188.3Ln (t) —119.22 0.984 8
Amorphous Al (OH) 3 ,
5.0 AR 120.54Ln (t) —181.66 0.862 6
g 4.0 AR 0.036t+0.502 2 0.996 4
=IKER
45 AR 0.040 9t+0.293 9 0.993 7
Gibbsite . ©
5.0 KRR 0.009 5t+0.158 6 0.913 3

@ Soluble Al; @ The total amount of activated Al
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