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Energy Characteristics of Reaction Kinetics of Zn*~H* on Red Soil Surface Under Acidic Conditions
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Abstract: Energy characteristics of the reaction kinetics of Zn on red soil surface under acidic conditions were investigated by using a home

made dynamic device. The results showed that Zn adsorption could be divided into rapid and slow reactions. The maximum amount of Zn ad—
sorption fitted by the first order equation was 1.79 and 2.62 mmol-kg™ at 289 K and 313 K in pH5.5 treatment, and 0.12 and 0.16 mmol kg™

at 289 K and 313 K in pH3.3 treatment, respectively. It remarkably decreased with increase in acidity and increased with increase in temper—

ature. Activation energy (AE*)of Zn diffusion calculated by using b value of the rate constant of parabolic diffusion law was 9.05 and 12.02

kJ+mol™ in pH5.5 and pH3.3 treatments, respectively. It increased with increase in acidity, which reflected that the energy barrier to be over—
come by Zn diffusion would rise up and the rate of diffusion in Zn adsorption decrease accordingly. Enthalpy of activation (AH )was positive

in value and rising temperature could contribute to Zn diffusion. Entropy of activation (AS)was negative in all cases, suggesting that system
could improve its degree of order. The effluent pH drastically dropped when the influent solution was pHS.6. There was the consumption pro—
cess of H* by using influent of pH4.3 and pH3.8 and pH3.3, which was attributed to soil buffer mechanism. H* consumption was rapid at the

initial stage of the reaction. Since H* dissolution of minerals became a controlling process.

Keywords: soil acidification; surface reaction; energy characteristics; zinc ions

FEREYAERE BT M FENMEITTE, X215 FA BB A EE R RS Y R BORIEFA IR &
PR EEREESRE, IR SIE M sEY JBIRER JRE RS R B AR R I AR B
RS I 5 . 2000-04-23 R, P RN B IR R R
ESTE . L S T AR MR A R e PP ST R AN, fEE NS R

(0751010004) ; EZA i F 4RI SE 54 (40325001) 5 HpAHEE Wk B HAWE S B IEA TS, F R A R

RGBT SUR TN H (SSASIPO202); WRIAQLKSERIRT A3 ikl +47 ) A WL K& BAL AR BR R 45 , %)
#4: (30200165, 2006-CX-017) ’E B B4 ’
PR EAVK (1965—), 50, BB WL, Epiorr iy Lo PrRe A SRR R AR AR

B 55Yek2 , E-mail: daizhwang@sina.com AR BRYESRAFT , Zn 7620 B R BT AH 2 18]




4528 5 113 & W FOE OB ¥ ¥ 2329
FN Bl 122 E , IF Ak 2R 3h 122 P S o 2?19512 3113512
00, 3T Zn 1O SOSAHLEL R 8 J1 AR , L T AL | Teenas o phas .
H Zn BALHL % S 5| -A-pH38 -A- pH3S
= £ -¥-pH3.3 -¥- pH3.3
I AR £
g % 1.0
1.1 X i E 2
PR R BV EE P E R A B A & § 051
LY, KRB THENLae +RELE (0~20 . . . . . .
em), HIEREG BARNT, BE4H, 3T 2 mm . HIEACTH 00 00 200 300 400 500 600

et 5T : pH (H,0)4.57,pH (KC1)3.81; A AL i & & >
9.1 g-kg™ s BYRLFIRAL & B 4371 289 #1515 g-kg™;
FHEFAC# R 11.13 cmol kg™, He AP A2 B S HIGE
41504 0.19 F1 5.87 cmol kg™, A2 #4484 0.09 cmol -
kg™ TIEHIFE SR (Fe) oy 434 g-kg™', EMES
(Feo) 2y 19.0 g-kg™ s K + W Y H B LA RIS A ME AR
F,—EERKEE RDEN KB A,
1.2 B AIECH

HRAE R [ g 7 T K s KA a3, B ADL R TR
BEIVE R R HS0, F1 HNO; 3% 4:1 fEE/R HLIR A, H
EE TR pH {E 0 3.3.3.8.4.3 F1 5.5 BRRY
W& (445 Zn 0.02 mmol - L),
1.3 WR Bzl 5

PR 2.00 g -3 SOR B, F R 3l 5% PREUR AR
W (£ Zn 0.02 mmol - L) ZE A S0 s , 37 BV I 55 3
VO E, JF R R idEas , HRE W L 1.0 mL- min™
ARV R R AT S, YRAE P Zn 43 5I1FE 298 K Al
313 K T2 T IR R 1 W B, e 85— 00 B VA o
BRI, & 10 min W —MIRWHE , FELE B S
£ H 2 BR3P Rt T A LRV
1.4 WEFE

T IR AR 18 7 ¥ 2 BRSO 7], Zn FH R T
o FEEE T (Analytic Jena AG) ;pH FB% 3
FLR I AE (231C #Y) , Z LR R RN H SR Bk, B
11/ PQJ-IC DIGTAL ION METER,

2 HRS5iTE

2.1 Zn W Eh F14S4E

ANF pH A% Zn 0.02 mmol - L™ B FRTFH , 43
FF 298 K A1 313 K 3 13 sz )7 vl , 188 33 00 R 7+ v P
In W& THE TS Zn i) BR85S N HE
AIRFR(E 1),

HR¥E Zn W HHRARLER, IS AR AT 43 AP
A RN BB BE . M 1 ATLAE H, Zn 9 R

B[] /min
B 1 Zn BYRBIFN S1 5
Figure 1 Kinetics of Zn adsorption
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Table 1 Parameters of several kinetic equations of Zn adsorption
. — R I1%¥ IR In(1-q/q.)=— k't WYY BT g=atbii Elovich J772 g=a+blnt

P REK t R SE b R SE b R SE
55 298 1.79 2.76 2514 0.998 0.022 0.070 0.999 0.012 0.400 0.928 0.12
313 2.62 1.78 389.4 0.999 0.017 0.083 0.994 0.042 0.469 0.895 0.17
43 298 0.76 8.23 84.3 1.000 0.005 0.042 0.965 0.046 0.215 0.978 0.034
313 1.12 5.56 124.7 1.000 0.008 0.050 0.968 0.063 0.302 0.974 0.053
3.8 298 0.34 15.5 44.9 0.999 0.003 0.019 0.917 0.028 0.092 0.986 0.011
313 0.41 16.9 41.1 0.992 0.010 0.024 0.913 0.034 0.112 0.987 0.013
33 298 0.12 519 13.4 0.982 0.003 0.006 7 0.734 0.013 0.026 0.883 0.009
313 0.16 45.8 15.1 0.985 0.004 0.008 4 0.709 0.019 0.035 0.866 0.013
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Table 2 Characteristics of energy change in Zn adsorption kinetics

WYL BOTE g=atbt”

Ab¥ RE/K E*/ AH*/ AGH AS*/
kJ-mol™ kJ-mol™ kJ-mol®  J-mol™-K™
pH55 298 9.05 6.58 79.54 -244.8
313 9.05 6.45 83.22 —245.3
pH43 298 9.83 7.35 80.82 —246.5
313 9.83 7.23 84.52 -246.9
pH3.8 298 11.16 8.68 82.74 —248.5
313 11.16 8.56 86.47 -248.9
pH33 298 12.02 9.54 85.35 -254.4
313 12.02 942 89.17 -254.8
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Figure 2 pH in effluent in the processes of Zn adsorption
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