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Effects of Temperature on the Adsorption Kinetics of Cadmium in Typical Agricultural Soils

WANG Jin—gui, LU Jia—long", ZHANG Rui-long, DAI Yun—chao, ZHAO Cong

(College of Resources and Environment, Northwest A&F University, Key Laboratory of Plant Nutrition and the Agri—environment in
Northwest China, Ministry of Agriculture,Yangling 712100, China)

Abstract; Adsorption is the initial process when heavy metals enter soil. Adsorption is important because it directly influences the bioavail—-
ability of heavy metals in soil. In this experiment, batch techniques were used to study Cd adsorption by 12 typical agricultural soils from
China. The adsorption data were fitted using kinetic equations. The resulis showed that Cd adsorption could be divided into two steps regard—
less of temperature : fast reaction and slow reaction. At 25 °C, Cd adsorption reached 72.69% of the soil’s maximum adsorption capacity within
the first 5 minutes of the reaction and 83.76% of the soil’s maximum adsorption capacity within the first 30 minutes of the reaction. At 40 °C,
Cd adsorption reached 77.50% of the soil’s maximum adsorption capacity within the first 5 minutes of the reaction and 87.02% of the soil’s
maximum adsorption capacity within the first 30 minutes of the reaction. Chemical adsorption was the main adsorption mechanism for the fast
reaction, whereas physical adsorption was the main adsorption mechanism for the slow reaction. Furthermore, the whole reaction mainly de—
pended on the fast reaction, which is attributed to chemical adsorption. The Elovich model best described Cd adsorption by these soils. The
adsorption rate and amount of Cd adsorption were both greater for alkaline soils than for acid soils. High temperatures also increased the ad—
sorption rate and the amount of Cd adsorption by the soils. The Cd adsorption rate was mainly affected by pH.
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Table 1 Physical and chemical properties of test soils

+ %55 Number pH Gl _?M/ CEC/cmol -kg™ TRHRES C_?COS/ %E% Free ilron HoHY: Clayl%
g-kg g-kg oxide/g-kg <0.001 mm <0.01 mm
AM 4 7.12 30.10 31.11 1.14 7.60 41.82 60.69
Bi: 1% 5.93 20.58 12.19 0.63 12.66 13.91 34.22
C 45+ 8.94 14.06 11.61 24.00 4.13 13.69 22.58
D R+ 8.29 16.84 25.25 30.38 3.73 25.15 5491
E R+ 7.65 13.86 11.23 66.39 9.53 14.46 37.39
Figt + 8.09 16.67 2237 84.80 10.91 19.79 52.87
G¥# + 8.57 16.77 16.80 54.20 6.74 20.24 33.60
HE 1 8.78 9.31 13.09 61.86 4.96 14.17 30.37
16+ 5.74 1593 21.34 0.82 8.94 15.03 46.48
AR 5.63 33.22 11.10 0.72 53.72 24.72 4359
K4 3 5.69 9.75 8.70 0.75 21.94 29.87 50.34
L i 6.66 51.97 26.20 1.08 13.33 35.77 67.71
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Figure 1 Adsorption kinetic curves of Cd on different soils
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Table 2 Velocity parameters of cadmium adsorption on soils at different temperatures

+ g 25C 40 C
Number V g Ve Vy ta Vg Ve Vy ™
AR+ 35.50 0.25 16.22 1.11 44.95 0.26 16.59 0.74
B kiiE 35.00 0.26 15.66 1.13 41.93 0.30 16.58 0.82
CEEEL 90.79 0.08 16.62 0.97 108.02 0.05 16.76 0.46
DR#E+ 44.40 0.21 16.47 1.01 70.29 0.10 16.63 0.63
E ¥Rt 37.11 0.23 16.29 1.11 59.54 0.15 16.60 0.66
Fit 37.99 0.22 16.27 1.03 61.14 0.13 16.62 0.63
c#H+t 45.69 0.14 16.57 1.01 80.91 0.07 16.65 0.56
H#+ 80.99 0.09 16.59 0.98 81.80 0.06 16.66 0.52
%61 21.65 1.79 11.28 2.58 28.97 0.56 11.96 1.47
AP iYAR: 23.89 1.30 13.80 1.81 29.56 0.46 14.66 1.17
K £T1% 24.76 0.30 14.80 142 36.91 0.35 15.21 0.97
L 25.96 0.28 14.85 1.16 40.52 0.32 15.33 0.93

et w0 by VgV gV e BAALIYH mg-kg b,
Note:t s(h);V £(mg-kg?+h™).V u(mg-kg™+h?).V g(mg-kg™-h™).



1122 Fi 555 A AN T AR 7SR 1358 P B W R 3l 2R

201246 A

R 3 LREHHROZNFSH

Table 3 Kinetics parameters of cadmium adsorption on soils

Elovich #&#] S=Blni+A

’E THERS Elovich model S=Blnt+A

PUEBOHE AR InS=Blni+A

Two—constantrate model InS=Blni+A

Temperature Number

A B r R? SE A B r R? SE

25 C AL 352.21 10.323 0.912%* 0.832 15913 5.858 0.028 0.903** 0.801 17.320
B kil 339.46 12.112 0.988** 0.976 3.740 5.824 0.038 0.987** 0.975 3.795
C L 383.62 5.356 0.911%* 0.830 15.667 5.949 0.019 0.905%* 0.819 16.953
D JR#E+ 374.86 8.836 0.907** 0.822 8.038 5.925 0.024 0.899%* 0.808 8.350
E ¥+ 361.24 10.064 0.981** 0.962 5.843 5.884 0.027 0.979** 0.953 6.527
Ft 364.87 9.663 0.926** 0.857 7.724 5.898 0.026 0.919** 0.844 8.063
Gt 376.14 7.630 0.935%* 0.873 7.690 5.929 0.024 0.932%* 0.864 7971
H¥+ 379.41 7.126 0.861** 0.899 7.504 5.937 0.021 0.853%* 0.730 8.421
%6+ 256.03 18.088 0.965%* 0.931 4.059 5.545 0.057 0.964** 0.925 4.249
J IReTiE 299.68 17.691 0.992** 0.984 4.308 5.698 0.053 0.990%* 0.979 4.923
K 413 313.58 17.311 0.979** 0.958 2.199 5.747 0.050 0.976** 0.952 2.336
L 315.07 15.096 0.979** 0.959 4.087 5.751 0.044 0.979** 0.956 4.226
40 C AR+ 373.11 8.143 0.903** 0.816 11.084 5.920 0.023 0.900%* 0.796 11.669
B %% 371.05 8.221 0.991** 0.982 2.737 5.915 0.030 0.991%* 0.980 2.937
C B+ 392.99 2.528 0.896%* 0.803 7.974 5.974 0.007 0.893%* 0.791 8.215
D IR+ 387.42 5.345 0.887** 0.787 4.782 5.959 0.014 0.883** 0.779 4.864
EERL 382.06 7.605 0.982** 0.965 4.197 5.945 0.022 0.980** 0.957 4.651
Ft 383.82 6.886 0.883** 0.780 5.413 5.950 0.018 0.879** 0.772 5.508
G#Ht 387.99 5.211 0.957** 0.916 3.163 5.961 0.014 0.955%* 0.910 3.272
H#+ 390.11 4.694 0.883*x* 0.780 2.625 5.966 0.012 0.882%* 0.777 2.647
1561 265.69 15.956 0.970%* 0.941 3.716 5.581 0.049 0.966%* 0.934 3.928
J IReTiE 328.77 11.930 0.976** 0.953 6.905 5.791 0.033 0.973** 0.939 7915
K #13 329.46 11.290 0.985** 0.970 2.814 5.797 0.031 0.982** 0.962 3.154
L Bt 336.56 10.427 0.942%* 0.993 4.803 5.817 0.031 0.940%* 0.879 4971

T ** FORTE 0.01 BE/KF_BARR * FOR7E 0.05 BEAKF B, TR,

Note: ** Correlation is significant at the 0.01 level; * Correlation is significant at the 0.05 level. The same below.

% 4 AEEESH Elovich AR ESHZ BNHEXXER
Table 4 Correlation between the various velocity parameters and

Elovich model parameters

Vig Vis Ve t s A B

Vi 1
Ve  -056%% 1

Ve  062%% —084%% 1

tw -0.68%%  090%* -087% 1

A 0.75% —0.80%% 097+ -0.87% 1

B 087  074%% -085%% 086*+ -094*+ |

Y=10.454 8+0.743 9X 4, R=0.676 1,P< 0.05,
FH AT, 3 pH 250 M R R Ay 22 A
To

3 it

B 4 R AR A R 3 i I M B A R Y

B AL T RPN SR T, AR gt
R T R 8 RT3y PR % A 2 o i B 18 R o e
LB B o AN 7] -3 470 14 R s vy R AR Sz LA A
SR R A S, 8 T B S LA BRI B 3, BN I
LB B 53 32 A 2 S R B S A o R IR o
N BRI B TR V5 135 pH 2 B IEARSCR
R, BRAECAE I V > P V R+
BV, THEEAWEN RN SR YRR Vo5
SR 3% pH K/MIUF—2 TR RZEE 3
PEBA BTN R, X SR i ) B It 5l ) A B AN )R AR
[, SR, BLEVATN = , 7Em KPR &4 T
Elovich #7I4AT DAAR 47 b 401 A A 1 338 1 o 0% o A
AIE o SR 28 T E A T K R S0 5 ) VR 328
BRI . FEARZ T AR P, pH 25 58
LD S
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