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Effect of Kinetics Characteristics of Aluminum Adsorption—desorption by Components of Tea Garden Soil in
Mengshan

XIA Jian—guo, HE Fang—fang, LUO Wan

(College of Resources and Environment, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: Soil aluminum( Al) availability is critical to tea growth. A study was carried out to examine adsorption and desorption kinetics of
aluminum by bulk soil and different soil particles collected from Mengshan tea garden using intermittent method. Relationship of adsorp—
tion—desorption kinetics characteristics of Al with soil organic matter, free iron oxide content, and CEC was explored. In purple soil, maxi-
mum adsorption of Al was clay(1 009.26 mg-kg™)> silt(510.17 mg-kg™)>fine sand(269.13 mg-kg™)> raw so0il(144.91 mg-kg™)>coarse
sand(217.94 mg-kg™), while it was clay(477.56 mg-kg™")>silt(327.62 mg kg™ )>raw soil (152.54 mg-kg™")>fine sand(136.90 mg-kg™)>
coarse sand(174.61 mg-kg™) in yellow soil. Electrostatic and specific adsorption contributed to Al adsorption by two soils. Adsorption of Al
by soils increased with time, reaching an equilibrium in 240 min. Fast adsorption was complete at 60 min. Double constant equation and
Elovich equation could fit the process of Al kinetics(P<0.01). Soil organic matter, free iron oxide, and CEC were significantly or extremely
significantly positively correlated with Al adsorption rates, but not with Al desorption rates.

Keywords: tea soil; soil particles; aluminum; adsorption—desorption; kinetics
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Table 1 Basic properties of bulk soils and soil particles

THERA R RER% APV R/g-kgt pH(H0)  HFE ALY /g kg CEC/emol-kg™ A4S /mg-kg™  H4H/g kg
Eqa it — 16.06 4.1 11.91 113 310.41 104.97
LR 69.51 9.51 4.4 7.21 6.65 140.17 112.95

B A 16.71 29.42 4.4 15.80 18.07 240.74 85.04

Wi 8.13 42.94 4.2 21.27 20.16 475.16 151.58

R 5.57 56.65 4.4 27.14 32.53 774.43 148.06

Cieed D4 — 28.62 3.8 15.45 10.03 475.16 109.57
vtk 53.60 19.04 4.3 12.26 9.46 265.76 94.55

B A 18.03 14.46 44 11.47 6.64 339.35 91.18

by 11.65 33.75 4.1 20.05 19.21 502.15 126.59

Rk 16.52 35.61 4.1 23.98 28.73 958.41 270.55
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Figure 1 Kinetic curves of aluminum adsorption by bulk soils

and soil particles
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Table 2 Equation fitting adsorption rate and time for

bulk soils and soil particles

RUHFOH R FE InV =4 +Blnt

TR kg

r A B
61 it -0.943%% 6.002 5 -1.747 3
GiEk Ty A —0.967* 54747 -1.684 1

B A —0.968* 7.038 4 -1.978 4

ki ~0.978%** 7.688 0 -2.060 8

Kk ~0.982% 9.498 6 24332

i Jit ~0.959%% 5.649 4 -1.661 4
FHA KL ~0.956%* 49109 -1.509 1

HHRPRL —0.962%* 5.384 4 -1.567 9

EyiE A ~0.975%* 6.725 8 -1.790 1

Kk ~0.974% 73425 -1.900 8

TE % FORBHUGIAE 0.01 /KT B35 5% FoRS UG I AE 0.05
AT B3 s ns FORSRIARE . TR,
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Table 3 Equations for Al kinetics by bulk soils and soil particles

T 24 ; %@i ; ; ; ﬁ% ; ;
Ji 4 Bick 0y A B A bR A hiip A At R B A bR A HRL
Elovich )57 a 1005454 549901 1473692 339.0321 789.7807 70.1577  39.858  28.6207 1344928 271.0245
b 18491 142219 19.8702 27.9669 363408 162083  14.9812 195036 31.0546  33.169 2
ro0953%F  0.958%  0.909%  0.919%  0902%*  0.965%*  0.962%*  0955%  0945%%  (.935%*
X BT a 47054 41679 50355 58527 6.678 43791 39157 37753 50174 56447
b 01082  0.1300 00925 00625 00401 01244 01598 02035 01263  0.0855
ro 09328 0.949%%  0.880%*  0.895%*  0.899%*  0.935%  0917%%  0.905%*  0.919%%  0.905%*
—WENFHTE e 51065 46485 53837 60879 68286 48378 45078 4.535 54899 59638
b 00003 00003 00002 00001 00001 00003 00004 00005 00003  0.0002
r 0.580% 0.599% 0.507" 0.516™ 0.520" 0.596* 0.572 0.544" 0.547" 0.546"
LY O o 0.690 1 0.6409  0.7518 0.817 0.886 1 06465 05832 05339 06709 0758 4
b 00113 00131 00093 00069 00044 00126 00147 00169 00122 0.009
ro 0788 0.801%F  0.708%  0.719%*  0.683%  0.819%  0.807%*  0.786**  0.763*%  0.752%%
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Figure 2 Kinetic curves of Al desorption from bulk soils

and soil particles
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Table 4 Equation fitting desorption rate and time for bulk soils
and soil particles

XUH R 5 7

LHEER NR

r A B
Kt JF —0.939%* 4.193 7 -13729
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iz —0.947 4.546 6 -1.308 9
by A ~0.908 4783 5 -1.270 1
19 JF 4 —0.969% 3.988 7 -1.350 3
HHAbAR —0.950%* 4.136 -1.4559
Ak e —0.8667%* 5.644 2 1912 4
b A —0.955%: 4.026 3 -1.247 3
b iy A ~0.914% 4.018 9 -1.195 5

BN RHV7 L, JHAipR G 3k 24 28 phy 4 498 3 1 R A7 o5 %o
BRMSEA JIE
2.2.3 ffN% Bl AR

AT b 255 ] - S g O 40 () AR TR) 8 2% O R
KF (R 5), It Je A8 P A e 21 43 X4 0 g i aod
BT AR Elovich 2 . XUCEEO7 BRI L4 HOr
LA (P<0.01), F— 8 J12 i BAUA i, Bk
R FURI A K R (AR A BB A B B /KT (P<
0.01)4h, Hgehr gt H Bk 3] . E /K F-(P<0.05), X it
AH A 39 RS0 B AL R S AR SRR I R R
AER AR T R B AN [RIW BA 7 2 s il B e 1 -3
FETHI WL BT BT ER I A AP AE 25 554,
23 TEEHR. HEEATK.CEC 51158455 A9 TR B
R BN SR X R

MABEAHLT . B ALk . CEC 53X 4R
W[5 e O 3 23 W [ e B 3 23 114) T I 23 (%) A DG A
BT Rl AT, FE R BB B, 398 HLIR I 25 480 fL 2R AN CEC
55 eI B (A ) 5 8 3 (P<0.05) Btk (2 5 1E AH
K(P<0.01), 55 WL Bt 2 1 F B3 (B) S M J 25 1 A
K (P<0.01); TEMEML B Bt , 384G BILITT | I 125 48T 2k
CEC 5+ 3R 5 (A ) [ R ZEFHR, MR A
ML 55 B AR R A T B8 (B) 22 4B 3 IEAH G (P<
0.05) 4, 7 B3 A AL Al CEC 157 1 58 2 F [K (B)
AN 25 (R 6) . FHILUIA : ZEMR B B, T 3EEHL
Ji . BB AL CEC 2 PR 5P g b sk A i) = B [
FLIX 3 A EAR R, SN AR ZR 0 1 B 5
PR I F SR o S8 ) o 2 ARG R Bt
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Table 5 Equations for kinetics of Al desorption from bulk soils and soil particles
Rt HH KL HHfPHL b A HRL et b A PR b A ARL
Elovich J57 a 342295 310262 386387 58158 113.8559 184763 13.5502 11.5252  7.8247  57.798 2
b 12.478 82447  12.8005 234313 378289 96409 88604  11.0331 189001 20.786 5
r 0.979%%  0.973%  0.970%%  0.976%*  0.989%*  00986**  0.981*%*  0.969%*  0.983%%  (.988%*
XU B a 38223  3.6362 38909 43922 50018 33141 31179 31687 34111 43477
b 0.1445  0.1246  0.1427 0.149 01374  0.1704  0.1801 01967 02311 01417
r 0.980%*  0.973*%%  0.957%%  0.980%*%  0.990%*  0.964**  0.976%F  0.970%%  0.969%*  0.990%*
—RANIIFEIE o« 4.340 9 40815 3.890 9 4.924 4 5.489 4 39335 37712 3.168 7 42519 4.8475
b 0.0004 00004 00004 00004 00004 00005 00005 00005 00006  0.0004
r 0.704% 0.711% 0.634%* 0.717%%  0.744%% 0.657* 0.671%* 0.663* 0.657* 0.761%*
WLYHOHE o 0.552 0.676 3 05872 05325 05464 05183 05013 04768 04176 05294
b 00154 00157 00143 0.016 00151 00165 00176 00187 00199 00153
r 0.890%*  0.890**  0.836**  0.897+F  0.921%%  0.863*F  0.872%F  0.856%*  0.873%*%  (.932%*
6 TEMRENEHERRTESHMNEXE
Table 6 Correlation between parameters of two—constant rate equation and soil properties
5 it
B E SR HHE £61 H{HE
A B A A B A B
HHLR 0.987:% -0.978* 0.873% -0.913* 0.462* 0.747" -0.758" 0.911%*
s A b4k 0.976%* -0.961% 0.972% ~0.982% 0.454™ 0.779" -0.580" 0.798™
CEC 0.956%* ~0.941%x 0.943% ~0.938:% 0.390™ 0.801™ -0.525™ 0.745™
MAEMREM B, TIEA LT i A b8k (CEC & PRIt

5 AR W T AR A SRR 22 SR, AN AR B B U
B, WBEHIBR 71X 3 MM RFRAE, X i AR Y
RIS AR R AR o

3 #ig

(1) P 7] 4 S 0 IR o R B e S vz A9 39
IR 6 e 5t g T, B S ] ) A2 S, S 38 3 8 i
N BT o L 58 €8 - X AR A R - R h
KRS KRS A0 K> S5 SHLERE BT R fr I E
SR IR B> I > A0S FL AR, WD +
SRS B PR R S8 27 LR AR B A, LR B /), 2 W it
e B AL B4 R - SO A B R R
BRI .

(2) PR 235 E] - ST 40 A0 R R SA9 BE BR , 7 S )V i
60 min (14715 B -H5E 24318 3] Fr M B ) 70%0~90% , T
Wik 2 7 b £ 2 W PR Rb 2% el = 9 X R 1% W% RS o A
RIS RS | i R G AR R B K sl 25 F-18 3 A B e
J, 0 B X G R e R v 4 £ A e R B
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o S i R AR AR R B BT 3 g i e o X
UL PR X 63 (8 1 B 30 1~ A — A Rl RE £
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THTI B OE X BRI SR A AE 22 57
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LI IEARDE, 3 bl e, WS A e Al bR, W
T, DR PR SO, B B TR I e Y 3
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