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H2804 HNO3 4.1 1.4
, pH 3.54.5 5.6 [18], Ca®*
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,qt Qi n (mmol kg~ 1) Ca’
R? , SE : : 1
1 Ca*
Talel Pamameters of several kindic enpirical equations of Ca® adsorption

In(1- ¢/ qe)=— Kt Firsorde equation q,= a+ bt Zere-order equation
Treatment Temperature  (K) Jo K x 10° tya R2 SE a bx 107 R? Sk
pH 5.6 298 8.7 9.25 74.9 0.9963 0.17 1.26 3.21 0. 9353 0. 69
313 9.9 9.51 .9 0.99%4 0.21 1.58 3.57 0. 416 0.74
pH 4.5 298 6. 45 9.82 70. 6 0.9953 0.20 1. 06 2.33 0. 9353 0.51
313 7.03 1257 5.1 0.9973 0.12 1.5 2.62 0. 8966 0.74
pH 3.5 298 3.25 14. 08 49.2 0.9842 0.12 0. 81 1.19 0. 8985 0.33
313 3.5 24. 02 2.9 0.9752 0.18 1.35 1.25 0. 79400 0.53

qi= a+ bi'? Ebvich q,= a+ blnt g= at®

Parabolic diffusion equation Ebvich equation Twe-consgtant equation

Treatment Temperature  (K)

b R? SE b R? SE b R? SE
pH 5.6 298 0. 5075 0.9923 0.25 2.29 0. 9705 0. 49 0.59 0. 948 0.19
313 0. 5900 0. 945 0.23 2.65 0.9733 0.5 0.57 0. 957 0.20
pH 4.5 298 0. 3830 0. 925 018 1.73 0.9724 0.3 0.56 0. 931 0. 17
313 0. 4640 0. 9864 0.26 1.97 0. 9867 0.27 0.50 0. 9859 0.27
pH 3.5 298 0.2228 0. 936 0.09 0. 88 0. 9889 0. 11 0.46 0. 954 0.07
313 0. 2783 0. 9527 0.25 0.89 0. 994 0.03 0.34 0. 9859 0. 14

ab JR? ,SE Lt (min), 1y, (min) , g, ¢ (min) (mmol kg™ 1), ¢

(mmol kg™ 1), ¥ Where @ and b stand for constants, R? for coefficient of detemnination, SE for stantard error, ¢ for tine, 1, ,

. . . . ’ . . .
for halftime, ¢, for amounts of adsorption, ¢ o, for the maximum amounts of adsorption, k& for apparent adsorption rate coefficient

C8.2+
(g=) ; pH .
(K)
K :
K (t1/2), pH 5.6 75
min, pH 2.5 30~ 50 min
s b , b
pH . Gt
Sparks' 'Y Elovich
s Elovich s
pH 3.5
C32+ , ,
pHS5.6 pHA4.5 s
R Ca®* Elovich

Frendlich
JHY Ca’’
Ca2+
, CaZ+
b
, b
21.3 Ca'
, Arthenius )
Arrhenius 16 11,



H*-Ca® 539
ko= A exp[_ If_Tb} 3) Ea= sz(d b/ di) (4)
AH = Eby — RT (5)
, ka ,En ,R . b
(831 JK 'mol™ Ny, T A AG Z-RT]H[KT] (6)
Griffin ~ Jurimk ™7, (b) AST = (MY - AGT)/T (7)
(ka) s ( 2: Jky  Boltman  (1.38x 1002 JK™ Y, h
(AH,") (AS7) (AGy") Plank  (6.62x 107 *J s ")
2 Cca*
Table 2 Characterstics of energy change in Ca adsorption kinetics
¢i= a+ bt'? Parabolic diffusion equation
Treatment Temperature — (K) B (Kmol 1) AH" (Jmol ') AG" (Kimmo ') AS® (Jmol K- )
pH 5.6 298 7.784 5.30 84.77 - 266.6
313 7.784 5.18 88. 77 - 267.0
pH 4.5 298 9.245 6.77 85.43 - 264.0
313 9.245 6. 64 89. 40 - 264. 4
pH3.5 298 11.495 9.02 86. 81 - 21.0
313 11.495 8.90 90. 72 - 261.4
Ca” Ey ; Ca”
, i i ) H+ Ca2+ i
E," 7~ 12 \ Ca*
kJ mol 1, Ca™t R
, , , 2.2
b Ca™ pH
Ca®™ (AHT) (3 pH 45 56
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, Ca** T T o GH5 6(298K) © PH560313K)
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374
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, it [] Time (min)
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Fig. 3 pH in effluent
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, b
3 H
TaHe3 Pamameters of several kinetic empirical equations of H* release
In(1- ¢,/q )= - k¢ Fisorde equation q= a+ bt Zem-order equation
Treatment ~ Temperature(K) q ¥ x 103 ty o min) R2 SE bx 10 R? SE
pH 5.6 298 9.187 3.3 204.5 0.995 0.048 21.4 0.989 7 0.18
313 13.23 4.10 169. 1 0.995 0.077 34.4 0.98 5 0.15
pH 4.5 298 1. 421 11.27 61.5 0.998 7 0.027 5.% 0.8% 4 0.34
313 9.112 4.8 144. 4 0.997 7 0. 11 26.5 0.973 1 0.38
= a+ bt"? Ebvich q,= a+ blnt q= at®
Parabolic diffusion equation Elovich equation Twe-constant equation
Treatment  Temperature ( K)
b R? SE b R? SE b R? SE
pH 5.6 298 0.35 0.962 6 0.3 1.52 0.9183 0.50 0.8050 0.999 4 0. 043
313 0.9 0.975 1 0.45 2.57 0.9395 0.71 0.768 3 0.9990 0.073
pH 4.5 298 0. 96 0.978 2 0.07 0. 41 0.9862 0. 055 0.3423 0.976 1 0.093
313 0. 461 0.9753 0.3 2.4 0.963 1 0.43 0.757 4 0.990 1 0.21
a b ,R? , SE , b (min), t,, (min) , g, ¢t (min) (mmol kg™ 1), ¢ o

/

(mmol kg™ '), &

for halftime, ¢, for amounts of adsorption, ¢ o, for the maximum amounts of adsorption, K for apparent adsorption rate coefficient

Where @ and b sand for constants, R? for coefficient of determination, SE for santard error, ¢ for time, ti)n

+ 3+

Elovich : H® Al pH 4.5
H+ 4 pH 5 6 H+ C32+ , H+
pH 4.5 H* B,
26.35  80.97 kJmol” ', pH 5.6 Ca™"



4 H'— Ca® 541
4 H
Tale 4 Charadernstics of erergy change inH* release kinetics
q= a+ V2 Parabolic diffision equa ion Elovich g= at+ blnt Elovich equation
ES AH" AG” AS" E~ AH" AG" AS”
Treatment  Temperature ( K)
(K mol™ ) (kJ mol™ ) (kJ mmol™ ')  (Jmol™ 'K~ 1) (K mol™ Y (kJ mol™ 1) (kJ mmol™ ') (J mol™ 'K~ 1)
pH 5.6 298 26.35 23.88 85. 65 - 207.3 27.25 24.77 8. 06 - 192.2
313 26.35 23.75 .77 - 207.7 27.25 24. 64 .94 - 192.6
pH 4.5 298 80.97 78.50 8. 89 -34.9 83.02 80. 54 8.29 -16.0
313 80. 97 78.37 89.41 -35.3 83. 2 80.41 8. 54 -16.4
*
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Table5 Paameters of several kinetic emprrical equations of H* consumption
In(1- q/qe) = — Kt Fisornder equat ion ¢ a+ bt Zere odder equation
Treatment  Temperature ( K) ' K x 103 tn R? SE bhx 1¢ R? SE
pH3.5 298 16. 81 6. 684 103.7 0.9965 0.29 5.3 0. A6 L 13
313 62. 76 1. 835 337.8 0.999%8 0. ® 9.399 0. VB 0.48
q= at+ h? Flovich = a+ blnt g= at’
Temperature Parabolic diffusion equation Elovich equation Twe-congtant equation
Treatment
(K) b R2 SE b R2 SE b R2 sE
pH 3.5 298 0.9% 0.9742 0.78 4.383 0. 9661 0.9 0. 03 0. 9809 0.67
313 1.58 0. 9556 1.65 6.993 0. 9140 2.30 0. 891 0. 992 0.22
ab ,R? ,SE ,t (min), tj/2 (mm), q; t (min) (mmol kg™ 1), qoo
(mmol kg~ 1) s K Where a and b sand for onstants, R? for coefficient of determination, SE for santard error, t for time, t;/5 for

. . . . 4 . .« .
half-time, g for amounts of adsorption, e for the maximum amounts of adsorption,k for apparent adsorption rate coefficient
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6 H'

Tale6 Charadenstics of erergy change inH* consumption kinetics

G= a+ bt”?Parabolic diffusion equation Elovich G= at+ blnt  Elovich equation
Twatmert  Temperatire ( K) E, AH" AG AS” B’ AH" AG" AS
(kI mol™ 1) (kJmol™ ') (kJmmol™ 1) (Jmol 'K~ !) (kI mol™ 1) (kJmol™ ") (kJmmol™1)  (Jmol™ 'K~ 1)
pH 3.5 298 24. 10 21.63 8. 10 - 206.3 24.15 21.67 79.43 - 193.8
313 24.10 21.50 8. 20 - 206.7 24.15 21.54 .34 - 194.2
H* B 24k ml (1 6), H , Elovich
H* , H* Elovich
H+
H* ( AH) , , pH 3.5 , ,
H' : H' : H'
H* ; JHY
s Elovich JHY JH ,
H* ; LHY
JHY AS' pH 4.5 H*
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ENERGEY CHARACTERISTICS OF REACTION KINETICS
OF H'- Ca>* ON RED SOIL SURFACE UNDER ACIDIC CONDITIONS

Wang Daizhang"?  Jiang Xin' He Jizheng’ Bian Yongrong' Wang Fang'
(1 Institute o Soil Science, Chinese Academy o Sdences, Naging 210008, China )
(2 Colege  Resources and Environmental Chemistry , Huazhong Agricultural University, Wuhan 430070, China )

Abstract Energy charaderistics of the readion kinet ics of H*=Ca®* on red soil surface under acidic conditions were in
vestigated by using a hane-made dynamic device. The results showed that Ca®* adsorption could be divided into rapid and slow
reactions. The maximal Ca”* adsorption fitted by the first order equation remarkably decreased with increase in acidity and
reached equilibrium in advance with increase in temperature. A twe- constant equation could be used to describe unevenness of
the energy distribution of Ca®>* adsorption on the sites of the soil surface. Activation energy ( E," ) of Ca®* diffusion was calcw
lated by using b value of the rate constant of Parabolic Diffusion Low and inareased with inaease in acidity, which reflected that
the energy barrier to be overcame by Ca* diffusion would rise up and the rate of diffusion in Ca** adsorption decrease according
ly. Enthalpy of adivation ( AH" ) was positive in value and rising temperature could contribute to Ca** diffusion. Entropy of ae-
tivation ( AS" ) was nagative in all cases, suggesting that system could improve its degree of order. pH of effluent drastically
dropped when the influent solution was pH 4. 5 and pH 5. 6. H* release wuld be best described by the first order equation and
the pow e fund ion equation, which were followed by Elovich equation, Parabolic Diffusion Low and zero order equation. Energy
barrier to be overcome by H* (Al3+ ) diffusion in pH 5. 6 treatment was lower than that in pH 4. 5 treatment. A" values of H
diffusion were positive indicating an endothemic reaction and the increase in temperature speeded up H* diffusion. There was
the consumption process of H" ion by using influent of pH 3. 5, which was attributed to soil buffer mechanism and specific ad
sorption of S0,% . The energy of activation of H* consumption was lower than that of H* release, showing that more H* was dif
fused to the surface of soil particles than H* released to bulk solution when the amount of H* in the bulk solution exceeded a
cettain quantity. H* consumption was rapid a the initial stage of the reaction. AH™ of H* consumption, in comparison with that
of H" release, could contribute to H* adsorption. Since H* dissolution of minerals became a controlling process, it could be
best described by Elovich equation and Parabolic Diffusion Low.

Key words Soil acidification; Surface readion kinetics; lon diffusion; Soil buffer mechanism; FEnergy charaderistics



