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Effect of Adding Compound Adsorbent on Phenanthrene and Cr( VI)

Absorption by Lou Soil

LI Wen-bin' , MENG Zhao-fu""**, WU Qiong', XU Shao-e'”*, LIU Ze'

(1. College of Natural Resource and Environment, Northwest A&F University, Yangling 712100, China; 2. Key Laboratory of Plant
Nutrition and Agri-Environment in Northwest China, Ministry of Agriculture, Yangling 712100, China; 3. Department of Biological and
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Abstract: To study the effect of the addition of compound adsorbent on the phenanthrene and Cr( VI) adsorption of Lou soil, hiochar
(made from corn stover) and B, ( Bentonite modified by BS-12, dodecyl dimethyl betaine with modified ratio of 200% CEC of
Bentonite) were mixed at mass ratios of 1:2, 1:1 and 2: 1 as the compound adsorbents ( CS,.,, CS,., and CS,,, ). Different amounts
(2% , 5% and 10% ) of these three compound adsorbents were added into Lou soil. Batch method was used to analyze the
phenanthrene and Cr( VI) adsorption isotherms of different Lou samples, and compare the effect of environmental conditions such as
pH value and temperature on the phenanthrene and Cr( VI) adsorption. The results indicated; (D Adsorption amounts of Cr( VI) on
different Lou samples were 3. 02 to 13. 61 times higher than CK (original Lou soil ). Under the same adding conditions ( amount) ,
Cr( VI) adsorption showed the order of CS,,; Lou > CS,,, Lou > CS,,, Lou > CK. Cr( VI) adsorption was a spontaneous process with
decreased enthalpy (except CS,.,) and increased entropy. Adsorption amounts of phenanthrene on different Lou samples were 3. 87 to
13. 00 times higher than CK. Phenanthrene adsorption presented the ranking of CS,., Lou > CS,.; Lou > CS,,, Lou > CK at the adding
amounts of 2% and 5% , while showed the order of CS,., Lou > CS,,, Lou > CS,.; Lou > CK when 10% of the compound adsorbent was
added. The adsorption was also a spontaneous process with decreased enthalpy and increased entropy. (2 When the temperature was
10-30°C, the adsorption amount of Cr( VI) increased by 5. 84% , 4.63% and 8.22% on CK, CS,,, and CS,,, Lou soils, and reduced
by 2.70% on CS,., Lou soils. Adsorption amount of phenanthrene increased by 1. 69% of CK and reduced by 10. 55% , 4.36% and
12.81% of CS,,,, CS,,, and CS,., Lou soils respectively. 3) When the pH was 4-10, the Cr( VI) adsorption had no significant change
for CK, while those for CS,.,, CS,., and CS,., Lou soils all reduced. Phenanthrene adsorption of CK, CS,., and CS,.; Lou soils was all
highest at pH =4, and phenanthrene adsorption of CS,,, Lou was highest at pH =7. @ The higher the ratio of B,y in compound
adsorbent, the better the phenanthrene adsorption was. The higher the ratio of biochar in compound adsorbent, the better the Cr( VI)
adsorption was.
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Table 1  Physico-chemical characteristics of two materials
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Fig. 2 Adsorption isotherms of Cr( VI) on different CS;,,,CS;.;and CS,.; Lou soils
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Table 2 Freundlich and thermodynamic parameters of Cr( VI) adsorption on Lou samples
Freundlich &ALl 5251 BRI ER
10°C 30°C
Hrides + —

MERE beifEE AG AH AS AG AH AS

(r) (Sq) " k /kJemol ™' /kJemol ™' /J-(mol-K) "' /kJ+-mol ™! /kJ+mol ™' /J+(mol-K) !
CK 0.9829** 0.1074  0.64  1.41 1.11 2.03 3.23 1.05 2.03 3.23
2% CS;.,  0.9954**  0.1696 1.20 .64  -1.18 -0.68 1.77 -1.21 -0.68 1.77
5% CSp,  0.9961%*  0.2840 .10 2.78  -2.44 -0.98 5.18 -2.55 -0.98 5.18
10% CS;.,  0.9750**  1.1164 .20 473  -3.72 -1.53 7.72 -3.87 -1.53 7.72
2% CS;;; 0.9801**  0.5596 1.17  2.53 =215 0.75 10. 24 -2.36 0.75 10. 24
5% CS;.;  0.9966**  0.3892 1.03  3.83 -3.08 1.62 16.59 -3.41 1.62 16.59
10% CS;., 0.9827** 0.4330  0.95 4.03  -3.25 1.96 18.38 -3.61 1.96 18.38
2% CSy;  0.9936**  0.3707 .10 2,79 -2.33 2.33 16.47 -2.66 2.33 16.47
5% CSy;  0.9905**  0.7997 0.90 3.96 -3.18 2.82 21.17 -3.60 2.82 21.17
10% CS,.,  0.9992** 0.3114  0.83 512  -3.68 4.33 28.30 -4.25 4.33 28.30
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Fig. 3 Adsorption isotherms of phenanthrene on CS,.,,CS,.,and CS,.; Lou soils
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Table 3 Henry and thermodynamic parameters of phenanthrene adsorption on Lou samples

Henry B £+ 580 RURNFER
L 10C 30C
itk + ——
MERE iz K K AG AH AS AG AH AS
(r) (Sq) r /kJ+mol ™" /kJ+mol ™! /J-(mnl-K)_] /kJ+mol ' /kJ+mol 7! /J-(mol-K)_]
CK 0.9872%* 0.0303 3.18 ~-2.69 0. 60 11.63 -2.93 0. 60 11.63
2% CS;., 0.9739**  0.1863 17.42 5.48 -6.80 -2.44 15. 40 -7.11 —2.44 15. 40
5% CS;., 0.9863** 0.2491 40. 41 12.70 -8.82 -4.89 13. 87 -9.10 ~-4.89 13.87
10% CS;., 0.9908** 0.3564  105.16 33.07 —11.21 —6.45 16. 83 -11.55 —6.45 16. 83
2% CS;.; 0.9818**  0.0684 7.18 2.26 —4.65 -1.51 11.07 -4.87 -1.51 11.07
5% CSp;.; 0.9833%*  0.1998 26. 48 8.33 -7.74 -1.59 21.71 -8.17 -1.59 21.71
10% CS;.; 0.9750**  0.4294 81.93 25.76 -10.50 -3.55 24.56 -10.99 -3.55 24.56
2% €S,y 0.9763**  0.1275 12.33 3.88 -5.93 -0.77 18.24 -6.30 -0.77 18.24
5% €Sy 0.9924**  0.1906 40.39 12.71 -8.72 -3.98 16.77 -9.06 -3.98 16.77
10% CSy; 0.9943**  0.2134 59.81 18.81 -9.71 -3.56 21.72 -10.15 -3.56 21.72
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Fig. 4 Adsorption of Cr( VI) and phenanthrene

on Lou soil with different CS ratios
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Fig. 5 Effect of temperature on Cr( VI) and phenanthrene adsorption on Lou samples
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Table 4 Effect of pH on Cr( VI) and phenanthrene

adsorption on Lou samples

% B} 2/ mmol + kg~ !

JOBL]

CK CS,., CS,., CS,.,
pH =4 1.57a 9. 16a 13.87a 15.55a
Cr( V) pH=7 1.58a 8.75b 13.73ab  15. 12ab
pH=10  1.57a 8. 18¢ 12.16b  14.77b
pH=4  0.58a 4.52a 3.28a 4.33ab
E[3 pH=7 0. 56a 4.31ab 3.27ab  4.44a
pH=10  0.55a 3.99b 3.01b 4.27b
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