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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
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organic 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 Al(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)s > 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.
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G (Kao)s A (Mon) FI=JKE5H (G) MTFTHL T Anl . sl A FISE A=y H i, FIA X
SR TEIERE /ML (PANalytical Axios, WHNE}, 7 22) WA WG RAR, HRIITR 1. X FHLATH T
(XRD) 5 45 53 B 04 A RS2 I AT 405 43 300 98% 1 99%, = /KEBAT 4N 100%. LEMEAAIE (A) %]
Huang ZEURIE 775 A . BB RN FIFRE N 0.5 mol- L f) NaOH ¥ 1 L #K% 4 0.5 mol-L! f] AICL i E &
pH 7.0 BRTEEIR &M T2 48 h GBS0 VIEWSEH ZEFKBEG—IX, RJEH 95% L& ET Cl. )5
DUEYIAT B4 60 B4 . o B AR XRD BIRE 0 A 2 (Ao, AL AR SR I . R No Wt
PAE T = KEEARE E A E AR LR T, eS8 TriStar 11 Plus 3.03 (FEREREGIET, EED, WREMH
BN 4.16 A1 105.8 m?> g A FISE AT LU R TAR 53 52 14.73 H160.58 m2-g ! 100, A} 72 Ak 6 1 — F 384 26 10
AR LRBOHE, LHER F R A e AR 90 6 AL ER (26° 457 N, 111° 52 E), BT HE#Hh 14, %
FEREE: 0~20 cm. AUREHZ A FRIRIE T Z IR EANR, GRS EN 16.2g kg, 13 pH 4y 5.96, CEC
4 10.6 cmol kg 10, X SFFERATH T 45 R B, LI BN: 4%IEH, 6% KaBE, 22%m e, 3%EEA,
65% A1 7%,
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Table 1 Elements percentage (%) of kaolinite and montmorillonite

JLR
Na Mg Al Si P S Cl K Ca Ti Fe Zn Sr Zr
Element
[ e
. 0.26 0.14 44.1 52.6 0.14 0.07 0.09 0.25 0.05 1.03 1.24 0.01 0 0
Kaolinite
3 ve
0.28 6.33 18.7 61.2 0.12 0.04 0.03 0.33 431 0.57 7.95 0.04 0.02 0.01

Montmorillonite

TR RECRR[ ST 5V & AR B e Rt i . RRRAELN R . AERERR FOINA 100 mL 30.96 g-L-! ) AICL; 6H20
VA1 100 mL 15.38 gL' ¥ NaOH VAR, $EHEISIE RN 50 g S 3. RSy S)F B0, 72 BB,
W R AR TR 2 PR G TE 40°CHAF TR, B4, 1 60 H s M. FIFIARE @ P ek -39 (0 4R A BT S 48 A0
TERAMN: WISH, 6.7%; FhiA, 16%; A3, 3.3%. mAMZEHAGEAEE RTS8 22.19 F1 54.95
m> gl

W IAAE A L Y R SR A A B FREX 27.0 g =& A 3.00 g =/K4E4, I EHRNREWS, BEEKAOS
10% = /KA IR G A8 RIS A +10% 0 AR, ZRa+10% e a8 EEREY.
1.2 HRF&E

(1) X FEATE T (XRD)o K HATEY: Smartlab 9 B X-SF R ATHAGEATH Y5047, XSS 488 w3
ey HTEE . Ko BESFUE (A =0.154 nm) FIASRUESE T o WBAAFNE K 40kV. B IR 150mA. FHHHEE 1° (20)
min!. FRPK 0.02° . FIGEE 50 ~90°

(2) A L IREETE A SEES . AR 1.00 g § B L3R T 50 mL e, B 30 mL 4K, #R/EFIH1E pH
H 3 AL E AL (i 27738 902) K8 Y08 pH 7€ 22 HAME IF4ERF 2he JIE), 0 W08 AERE DI B HE 26 A T 3EAT T
5, FTHEMERA 0.1 mol- L HCL. #8544 50 mL S0EMREIFIL A Wi (g)o R b 8B Lk &0 b
FHLE 4500 r'min” Z50F N0 Smine  FIERA 0.45 pm JEFUS BB KBRS R, 25, BEOERABYHRE
e Wa (g)o BJi, H4E50 8 h i Pyl L5 7% 2 3l 9848 1, A 1 mol- L KClL MR- Hds iR, %
RIBBERE 50mL. ] 8-FFEEmEk L (a3 (pHB.3) WlliE Bl b AR SR imaR & 02, H=X (1 # (2 9t
KIS YEAR R AT e PR &
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Fig. 1 X-ray diffraction patterns of gibbsite, amorphous AI(OH)s (a), kaolinite, Al-coated kaolinite (b), montmorillonite, and
Al-coated montmorillonite (c) (G: gibbsite, K: kaolinite, M: montmorillonite, Q: quartz)
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WA pHAS I, ik 4 B BRI AE RN N 42,5, 41.4. 13.7 1 11.1 mmol-kg!. fF 4.3<<pH<4.5 TGN, 4
FIE MBI 68 K/ NMT N Kaot+A~ Al-Kao>Kao>Kao+G. I7E pH4.3 I, 4 R ¥k FEE 514 56.8.
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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

BEE pH FE(S, DURM YRR R T AR KR TR S BB Wig i (& 2¢). Kaot+A JKIF LSS BRI IER K,
2 pH 4 5.5 B, KaotA. Al-Kao. Kao+G Fll Kao /K¥EPEAR & &4 519 1.11. 0.45. 0.37 A1 0.14 mmol-kg!, T4 pH
FARE 43 1, Bk 4 B Pkisthae S B0 5N T 56.40. 5.46. 0.22 Fi1 0.34 mmol-kg!. HIE/KEMSES pH
KR (B 2e), % pH A FIog R M S ARSI E IR S Bl X2 T 70 E RARERR AL I R OB IOR
B KIEAER . o —F 20 e A R B 2 2 T e A Ay v A SR TR S ek 4, T 29— 8 20 DA R 7R ek R T A7
T . XML KaotA AR, & pH S&AF T @& Ao a i b AR B 7 (I I 3 T H A . S50, Al-Kao A &
H, H T A R T LA R B A R IE B s X 2 B B AR U7, O e R A B T Al A R R . R
et e, e B A BRI A ™ A A3 R A D S R PR 2 R 0 SR T e (e s e i, Ky LUK VAR
FAET WM, Kk Al-Kao & R/KBEMEHES R E T Kao fl Kao+G K R . 5 Kaot+A ML, Al-Kao &R [F— pH 414
TR S RN Z . BT =K EURARSE, I = /KA X s I A KPR AR S R A AR /N

MUA S 25 B m L, e BB =K A R s U A AR R A I R 0 A R 2 R P RN A T s Y
AR>S =K > A, X5 =R IR IR SRR VA AR RO — B8,
2.3 RENINRRARE RN

3 AN E A AL . T R =K A SRR A AR, BORETR = KA 5
A BRI AL RIS o KR A 1&T 32, FHTF) pH 2505 T =M Y BRIE AR R NI A B8R R A (Al-Mon) > A1+10%
TR MAEE (MontA) >ZERA (Mon). Wi pH A 4.3 B, iR 3 M Wb RS FERE 5 223.4. 111.8 M
90.7 mmol-kg's # 3 FH IIERZE PP % RE K /NIF NEL: Al-Mon>Mon+A>Mon. MK 3b ATLLEH, 7EMF pH %
4R & AW 25 &= /NI RN Al-Mon>Mon+A>Mon. H Al-Mon A& #1445 & & B & = T Mon+A 1 Mon.
24 pH5.5 i, Al-Mon #4554 8.73 mmol-kg!, Mon+A I Mon #4884 5179 1.03 1 0.89 mmol kg
!, Al-Mon ZZ#e P58 5 593 7109 Mon+A 1 Mon [¥] 8.5 51 9.8 £ . 4 pH [ 4.3 I, LR =Fhl s et i & & 53
FEINZ 60.01. 35.16 A1 10.39 mmol-kg'. FIFH /> AASEREHE I 1.71 f580 5.78 1%, S YI/KEMHESTES pH KK
FH (E3c) mTRAEH, fE pH Bma T, Mon KIEVERE AL, {EHBIK pH 2614 F, Al-Mon /KiFIEHR& &
e fE pH4.3~5.5 W, =M ¥/KiEtEa & 88 A KT 1.00 mmol kg, XEW], =F W)k IR ML A h 8%
BB LA e e o
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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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s
Fig. 4 Trend of soluble aluminum (a) and total activated aluminum (c) in kaolinite, soluble aluminum (b) and total activated

aluminum (d) in montmorillonite with time at different pH
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Table 2 The results of fitting kinetics equations of mobilization of aluminum from different minerals

7 AR &I AHOR AL

Mineral ot Activated Al Fitting equation Correlation coefficient

KR 0.1923Ln(1)+0.7494 0.9425

0 AR 0.6723Ln(1)+2.9043 0.9842

e L) K AR 0.0877Ln(1)+0.5356 0.9294

Kaolinite 3 SR LR 0.3765Ln(t)+2.3945 0.9737

KR 0.0349Ln(1)+0.5182 0.6714

>0 SR LR 0.1987Ln(t)+1.8175 0.9551

KRR 0.1107Ln(t)+0.5602 0.9062

+0 BRI ES 1.1837Ln(t)+12.905 0.9597

Edive) IR 0.1096Ln(t)+0.4121 0.9159

Montmorillonite 2 SR LR 0.5694Ln(1)+6.7037 0.9178

KRR 0.0764Ln(t)+0.3008 0.8416

>0 BRI ES 0.4916Ln(t)+2.537 0.8779

4.0 KRR 161.74Ln(t)+118.59 0.9874

ToE AL -
45 KRR 188.3Ln(t)-119.22 0.9848
Amorphous Al(OH); .

5.0 KPR 120.54Ln(t)-181.66 0.8626

=K 4.0 IR 0.036t+0.5022 0.9964

Gibbsite 45 IR 0.0409t+0.2939 0.9937

5.0 K" 0.0095t+0.1586 0.9133

@  Soluble Al; @ The total amount of activated Al

2 HABERA IR, EERR pH BN, SIA RIS B AKIE AR R BOE R AW . eAh, 7E{K pH %%
T (pHA.0), El&A7KIGMERRECER R T 5 A, MtEm pH 248 F (pH4.5~5.0), HARFEH A/ HIK. NEH
BTSN )BT, BEE pH 3G N, SRV LRI PG, HSR A SRS e i T . X it —
R T A pH 260 T S Mo B I A TR TE ZE .

B 5 0 =K A A E A AR AE AN A pH 260 TR R PR AL R S RO R . NI ATRLE H, o
A SRR R PRI L =B pH 3 I0mI /s (B 5a). M =/K48G 1 pH4.5 F1 pH4.0 &1 TR L EAME (K
5b). o MAE BRI P ER AR SR T =KEA, W7E pH4.0 4T, e A 120 min BI4EHE
L8 890.3 mmol-kg!, T =K FEA A pH FAIENE L ERIUA 4.72 mmol-kg'e 3X5 IR AL 0 1 5 04 1 TR
AR AR G i LA AR XS A AR B E R T =K BB A A R — 8 (B 2. ZH R T =B 1R
BB WE A T T A E AR, HAERTE (A BEI (8] SE R S kb o % T =K 884, SRiE R B (A
BHLR R, X E I =K AERR IR TR EOE H R B I [R5 4E,, 3X —45 5 Ridley SRV AL R — 5,
BARDAE R T =K A B ARMGIRBRTE S N BRIA B MR-T AT (W] 702224, AR 2 GRS E LT LU H,
ZIKERATE pHA.0 A1 4.5 S50 T EREIE R A Z AR, EEET pH5.0 &4 FIEELESR . ToE RHEERER
[d pH &4 TR AL AR AR B oE 22 K /N N pH4.5>pH4.0>pH5.0. X FTRE 58K pH 4 T h AR i, f
VR IAR B TAEUH T RSz BT #0411 S5 A IR it — 25 VA A

R W ERTE SN J1 545 RS BAR AT A, PIMERE L) B P R R S A M AR S A T A 2 P2 B D T e R AU
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Fig. 5 The changing trends of soluble aluminum content of amorphous AI(OH)s (a) and gibbsite (b) with time at different pH

2.5 B155 1|8 pH LI

K 6 RLAERTE(E pHA.3 20 PRSI MR Z AT 700, 220 3 L) £ B IR A A
IKZBE, A DR G LRBF R R, R0, RAEAENZE L YRR . WEHR R IE
BARACIES, AL R K IS VEAR & S B 3G, RV PESS & RGN B K T AC e AR . R 4G T e A
pH4.3 0 R A AR A K I AR 5 40 510 2.38 F10.23 mmol kg, EUARALFEJG, ASHe AR AN K A0 & B 20 il 3%
JNE 8.71 1 42.32 mmol kg« AL fS, pH4A.3 2505 F LIS BB RUKE S S BB IN T 1.66 551 184 5.

U] K #4EESoluble Al
A et HAExchangeable Al /

|

th
=}
|
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ZERC A"
Amount of activated Al/(mmol kg!)
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AN
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Fig. 6 The amount of activated aluminum from red soil and Al-coated red soil at pH 4.3
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AR BAER, XA 1 LIRS e S MR S BB PN . X e SR A B AR AT S R
PR — 2 (18 3b) o IXARW] IR A AR AL BT - R AL 1A rh AR TS AL OS2 5 3R P S R IR IR S ) B
FRPRAT VIR AR AR B S HIE P A R e (E ], T AT RE &7 AL A e LI MU IOAE A, T szme 1+
A BT BRI FE P ARTE AL IR E T o X — B AR TR SR Se iR it — B Rk

34 0w

A FELERR ], A A A AN A IR IR - R AL e P il AL s AN AR [ 6 T, =K
A BER AN 7 HZ BRI R SR e A A e ERR AN, RN T e
PRAC LR A AR MUK I VR SR BOIE AL s X Rl AT AT AR AL B S, ) T i A R AL R AR R A e M R i A, (it
TIRBEVERRBEAL . XTS5 A, JoE A AR R ALHE T S A IR R b AR AR S AL, 0 T KRR Y
e XA T PR A (0 2 R ) o DURR RIS sl 712 45 R, VUM )RR A R h AT AL 1 X 2 7
FEN: T RARNAE > A > mi A > =K A . 20 RS A HE T BR A 1 R g e M AR A KA PR 1 A 3
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