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Comparison of Cd** adsorption onto BS+DT and BS+SDS in complex modified red soil

ZHANG Ling—kai', ZHANG Yang®, YEK Sambath', MENG Zhao—fu"*", REN Shuang', LU Hao—yuan'

(1.College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2.Xi’an Solid Waste Management
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Abstract: In order to compare the difference of cadmium ion (Cd*) adsorption on two amphoteric complex modified red soils, amphoteric—
cationic complex modified red soil was prepared with an amphoteric modifier dodecyldimethyl betaine (BS) and a cationic modifier dodecy-
Idimethylammonium bromide (DT). Amphoteric—anionic complex modified red soil was also prepared with BS and anionic modifier sodium
dodecyl sulfonate (SDS). The Cd** adsorption isotherm and its thermodynamic properties was conducted by batch experiments, and the in-
fluence of total modifier ratios, temperature, pH and ionic strength was investigated. The results indicated that the cationic complex modifi-
er DT showed an opposite effect against anionic complex modifier SDS, and the Cd**adsorption capacity decreased when the modifier ratio
of DT was increased, while it increased with an increase in the modifier ratio of SDS. The maximum adsorption capacity of Cd** was ordered
by BS+SDS>BS>CK (red soil)>BS+DT. The Sips model was the best model for describing Cd*" adsorption isotherms on different modified
soils. The adsorption of Cd*in both BS-DT and BS—-SDS modified red soil increased with an increase of both temperature and pH, but de-
creased with an increase of ionic strength. The adsorption of Cd* was a spontaneous process with endothermic and entropy increment char-
acteristics. The low negative charge of variable charge soils is the key factor for deciding the difference of Cd* adsorption on amphoteric—
cationic and amphoteric—anionic modified soil.
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Table 1 Basic physical and chemical properties of red soil

. TOC/ CEC/ Cd & Zh 1) 5 5E 434X Clay mineral content/%
P g kg cmol -kg™! Cd content/mg-kg™ A4 Kaolinite K88 Gibbsite TR Hematite Vo Quartz
5.05 16.41 10.334 0.062 38 20 13 15
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Figure 1 Adsorption isotherms of Cd* adsorption
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Table 2 parameters of Langmuir, Freundlich, Sips and D—R models fitted to Cd** adsorption
-t Langmuir #8814 24 Fit results of Langmuir model Sips AT BHL Fit results of Sips model

Soils q./mmol kg™ Ki/L+ mmol™ R gs/mmol -kg™! Ks 1/ns R
CK 58.32 0.30 0.998 g+ 61.66 0.26 0.97 0.998 7%*
50BS 60.52 043 0.997 7+ 65.05 0.37 0.96 0.997 8%+
100BS 65.62 0.43 0.997 O+ 73.90 0.34 0.93 0.996 9%+
50BS+50DT 138.03 0.11 0.982 9%+ 4931 0.55 1.75 0.993 6++
50BS+100DT 85.58 0.20 0.981 3%+ 4476 0.61 1.62 0.989 4%+
100BS+50DT 122.32 0.13 0.972 7+ 44.30 0.65 2.07 0.991 5%+
100BS+100DT 77.12 0.23 0.977 9%+ 4252 0.67 1.63 0.986 7+
50BS+50SDS 95.11 0.24 0.997 7+ 70.42 0.41 1.17 0.998 6+
50BS+100SDS 125.13 0.18 0.991 9+ 82.65 0.38 121 0.992 2%+
100BS+508DS 134.72 0.18 0.990 8+ 85.58 0.40 1.24 0.991 4%+
100BS+100SDS 126.47 0.21 0.995 1#+ 88.79 0.40 1.19 0.995 7+*

-t Freundlich BB &S H Fit results of Freundlich model D-R AR5 S 4L Fit results of D-R model

Soils Ky 1/ne R qoe/mmol kg Bx10"/mol’+ J E./k]-mol™ R
CK 12.75 0.69 0.993 4%+ 30.18 2.40 1.44 0.955 7++
50BS 17.02 0.65 0.989 4%+ 35.23 1.63 1.75 0.956 1%+
100BS 18.44 0.65 0.990 4%+ 38.19 1.71 1.71 0.952 6%+
50BS+50DT 13.15 0.87 0.976 1%+ 42,67 4.24 1.09 0.983 g+
50BS+100DT 13.71 0.78 0.968 3%+ 38.60 3.49 1.20 0.977 6%+
100BS+50DT 13.69 0.86 0.962 6%+ 43.32 412 1.10 0.985 7+
100BS+100DT 13.86 0.76 0.962 5%+ 37.28 3.16 1.26 0.975 5%+
50BS+50SDS 17.30 0.76 0.990 1%+ 42.47 2.45 1.43 0.970 6%+
50BS+100SDS 18.82 0.79 0.986 1+ 50.68 3.28 1.24 0.966 3%+
100BS+50SDS 20.12 0.80 0.984 G*+ 54.14 327 1.24 0.966 9%*
100BS+100SDS 21.38 0.77 0.988 g+ 54.36 291 131 0.970 O+

T 5 FRAE 0.01 KA E

Note: **indicates significance at 0.01 level.
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Figure 2 Effect of temperature on Cd** adsorption
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Table 3 Thermodynamic parametres

TR AH/ AS/ AG/kJ - mol”!
Soils kJemol™ Jemol"-K"' 283K 298K 313K
CK 8.17 44.50 -4.42 -5.09 -5.76
50BS 9.40 51.07 -5.05 -5.82 -6.58
100BS 6.34 41.50 -5.40 -6.03 —-6.65
50BS+50DT 3.13 29.71 -5.28 =5.72 -6.17
50BS+100DT 3.69 30.80 -5.03 -5.49 -5.95
100BS+50DT 5.92 39.07 -5.14 =5.72 -6.31
100BS+100DT 6.09 38.69 -4.86 -5.44 -6.02
50BS+50SDS 8.57 49.44 -5.42 -6.16 -6.90
50BS+100SDS 9.67 53.88 -5.58 -6.39 =-7.19
100BS+50SDS 10.08 55.86 =5.73 -6.57 -7.40
100BS+100SDS 9.84 55.47 -5.86 -6.69 -7.52

T CA> 6, 251558 B R AR A X Cd> 7E 45 kil 4
AW A 2 R B RS, FH B A2 A
AL 25 5

3 iFig

LT RN A I AP KR MR B
A, DL 1R T Wy Ak AR AR o 32— el



20194 10 B

KT, % . BS+DT HI BS+SDS 42 BC G i 21 HE Xt Cd> W B 1) L4t 2351

(=
(=}

[ ()

& W
(=} (=}
LI

(9%
(=]
— T

- CK
-O- 50BS+100DT -@- 100BS+100DT

-@- 50BS  -4&- 100BS

—_
(=]
T T T

W B4 Adsorption amount/mmol -kg™
)
(=]

—A— S0BS+100SDS A 100BS+100SDS
0 3 4 5 6 7
pH
7 1007 ()
vy b -#- CK -@-50BS - 100BS
= -0~ 50BS+100DT @~ 100BS+100DT
£ 80 N\ 4 50BS+100SDS - 100BS+100SDS
\E N\
2 60
g
<
=]
£ a0t
E
= 20}
i
N
= 0 0.1 02 0.3 0.4 0.5

1 F5E % Tonic strength/mol - L'

B3 pH(a) FAEF 3R (b)XF Cd™ B A9 R
Figure 3 Effect of pH(a) and ionic strength(b) on Cd*" adsorption
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