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3.73,fE0L pH T BS-12 iEdpE"" ") 75 40°C FHig
FE3 b, Y B TORUER 3 IR, OB B
J A5 9 M 8 4 i+ BS,60°C R LT BFEE L3 60
H i 25 H o

PRk -l B 5 A A I i ) S . A BS B
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BS &4 5% H w5 0h

W=1x10"m CEC M R (1)
A, WM R BT, g5 m  LAERBTR, g; CEC O
fisz it 0 BB A2 e B mmol kg ™' Ml 48 i I Y
PEJR B, g mol ' R B L, %

A Tween20 &4 5 F & #% Tween20/BS-12 &

e Lt Bl

W, =0.2759 r Wy, M,/M,, (2)
K, W, Tween20 &1 ) it & , g5 Wy i BS-12 &
R BT, g5 M, B Tween20 FE/R i, g mol ™' s M g
7 BS-12 EE/R i &k, g mol ' ;r i Tween20/BS-12 i
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WeREBERE b pH B T 0R BE LIR B AR N X Cad”T
7 5% 00 S 36 B9 Cd® 7 ¥k BB % 5,20 100,200,300,
400,500 g ml ™" 7 AN HE B B, W H O — S Wk I
KNOfE R 5, A i 2 ME A,

PRI 0. 500 g & &M 1 FE T 50 ml 2.0,
A 20.00 ml bR R ] ok B B B CdP O W,
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Z - 5000 A 502 05 43 0 BE T KR I E T W
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At b - 3 4 K R B3R 8 Fi 45 & i L il
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CK g xf B 9256 it 2 % 30°C, pH 32 7. 00, 35 W
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0.25T, %3 %Lk S0BS [ 100BS Fl A &M + CK %} iR .
pH 4y 3.00.5.00.7. 00 ( B2 Pk 45 R 2 % 1E 5 Cd* 1
Bl A PE 2 DU, FLARSC80 BTl in iy Cd® ™ e JF 5
B0 500 pg ml™ (KT VEEIN pH F Cd* " Al
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Fig. 1  Adsorption isotherm
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F1 &L Cd* K E Langmuir {4 5%

Table 1 Langmuir fitting parameters of Cd’* adsorption on modified betonite

R xR 3 -
Soil Correlation coefficient r 4 (mmol kg ™) b{1 mol ™)
CK 0.984 3" 85.42 19 850
50BS 0.990 8 ** 111.4 16 240
50BS +0.25T 0.984 57" 119.2 15 800
50BS +0.50T 0.989 1" 128.7 16 500
50BS +1.00T 0.980 0" 105.7 19 690
50BS +1.50T 0.978 7" 96. 35 19 560
100BS 0.9923"" 121.3 13 250
100BS +0.25T 0.9892"" 135.9 12 970
100BS +0.50T 0.9879"" 133.3 14 540
100BS +1. 00T 0.9874"" 118.7 14 180
100BS +1. 50T 0.992 8" 112.5 10 340

W o« FARMEp=0.01 KF EMXEE EAHME =8,p=0.01 Bf,r=0.765 Note: * # represents data at p = 0. 01 level were significant-

ly correlated, with DOF = 8, p = 0.01, r =0.765

2.2 pH xt+#MRH Cd* #2200

PEHU X Cd* " % 4 W B & & i+ (50BS +
0.25T,100BS +0.25T) , #F 5% pH XF H W fff Cd** 1
BN, pH XM+ W B Cd® T AR i LI 2, &5
T, A pH 3 ~7 JEHE N, BER W pH (T, 25 it
B BE X Cd® ™ A W R A 8, (8 i 4K
AN BURBRYESET Wb H 58 &8 & 1
Z A AFAESE P AR B G pH BT, 52 4 4 FH
555 Ak BS-12 [y %5 A0k pH =5.1 ~6. 177 i
pH EFFRT 5.1 ~6. 1 B M6 B2 10 1 67 v M1 5
U CA™ " (W R FH 58 . HRT R 2 pH XS0
e U1 7 N N S o /T e 2/ M SO 2
(pH9.59) , FLI 75 W3 P & i + I & Fe A& i + pH 1y
TE 10 2247, BT ASHR B Cd® " 35 9 5 A7 550 5 14 2% o

AT, LR Cd® 7 J5 45 - 4E pH #4535 16 7.00 ZE 47,
S AR pH Cd™ %W oo Cd® T iy
B 22 F Rk
2.3 BFREXNTEBEH CE N

PP 3T DL B R A W I B Cd” T 5
W B, B S TR A, &% R R Cd® A
BH e IR, B T om % Wi 3 AR AR S 1 RE X
BB T WL B (1) A B B8 T X a R IR U TG
pH 9 B89 4 J8 B T 003 B2 R 2R A4k (2)
MU TR K5 Cd* RS I pE 5 (3)
i 4 PR 4 e 2 B R R 0 B 32
KA . TE R AL A LR A R TR, B T 0 A
B0 B R Cd® W B

150 150

140 g—a ¢
T2z
25 10t =f.ﬁa 1o 130 ./I/.
° &
E [37
E 8 100 f
I 5 «— 70 110 F
3
=% sof

60 1 1 1 30 1 1 1 1 1 90 1 1 1

1 3 5 7 9 0.0 0.1 0.2 0.3 0.4 0.5 10 20 30 40 50
pH 20755 B¢ Tonic strength (mol L™') Y5 Temperature (°C)
—— CK —&— 50BS —A— 100BS —&— 50BS+0.25T —B— 100BS+0.25T

P2 pH XHE M H AL CA™ e B3 BT RREEXHME M R CA® T R T 4 R XA £ B G
Fig. 2 Effect of pH on Cd** adsorption on Fig. 3 Effect of ionic strength on Cd®* adsorption on Fig. 4 Effect of temperature on Cd**

modified bentonite modified bentonite adsorption on modified bentonite

http : //pedologica. issas. ac. cn



6 b T K 55 - BS-Tween20 5 g 1615 i 19 + % Cd* " W B 9 BF 52 1313

2.4 BEMTHBH CA”

FHFE

il J3E X 2 A W - O B2 R DL I 4 A 20 ~ 40°C
(9 965 BT P, 76 AR ] 40 B o 32 500 g ml 'R, 45 14
X Cd® " (¥ W Bk 35 B 1) b T 0T 4, 2 IR
TERONE A il T v A AT O B A R AT R
20°C 30°CHHE ARG 1. 4 745 22 3t 50 Aty 2 L 1R i 44
TR 2,

F2ERY EEWMET , BB L HX Cd””
W BE B A RE AR B O T, 2 W AR I B A A R X
Cd™ " W B P et A o A L 31 £ 8 R, S Tl I
BEE [ AG | ¥R NS Langmuir J5 #2400 £ 9 1% B
5 JE SR b WY AR AR Y — 2, B AR R ] — +

5% M 2 EL IR B B 3%

B | AGy, | > | AGy, | o 33X — %5 R R W] IR B Tt
o, W R R O B MERG BR  BR A R S AR B R
FE, Bk U & AR Cd® T W B I B A
H AH pps 00050 > AHgus 0050 > AH gops > AHps0 5%
HIFE AT BS &4 4 Cd** E 2L FE BS-12 [
5 gy 1Y) A 2R AT MR, 100BS A& 4 1= R T Y
BS-12 &4 K F 50BS & 4fi + , e Hox Cd** g B 4
FHR T S0BS &4+, W i o 5 75 22 B IR A9 6 fL fE
G W B RAIONEARG 5 Tween20 52 FiC A& i )5, 3% 10 ) 6
K KL A 5 B I, A LB X Cd® B e R A
08055 , PR otk iz 6 ok A T S A v Y BE i, W B A
GO HE I, T 100BS + 0. 25T Hy i 7K )22 %5 [A) f
B k0 HE TR R AR B K o

R2 L Cd BHHRARNFESH

Table 2 Apparent thermodynamic parameters of Cd’* adsorption on modified bentonite

WE(CC) Ak 7

Temperature Processing b(1mol ") AG (kJ mol ") AH (kJ mol™") AS (kI (mol K) ")

20 CK 14 600 -23.36 22.69 0.129 7

50BS 11 400 -22.75 26. 17 0.187 6

100BS 8 841 -22.14 29. 88 0.177 5

S0BS +0. 25T 10 220 ~22.49 32.15 0.194 0

100BS +0. 25T 8 305 -21.98 32.93 0.187 4

30 CK 19 850 -25.75 22. 69 0.131 1

50BS 16 240 -25.23 26. 17 0. 189 0

100BS 13 250 -24.70 29. 88 0.178 8

50BS +0.25T 15 800 -25.16 32.15 0.195 3

100BS +0. 25T 12 970 -24.65 32.93 0.188 7

N 2 AT LA 4% R REXE Cd* T WY AS
PRTF 0,0 Cd** 78 4% + RE 2 i e 2 H & 1Y
Wk IR R s R . R AG = AH - TAS 43 #7 vl WL, 7E
Z L R, W BN & PR R R T G
AT B 3 R A7 S
2.5 SEEWHEEL Cd " KB

R - — i 28 ph 2 [R) BH B - 5 4 SR T 4% A
R b 2 W R VR R LA B 2 THT 1 49 288 I B 25 B K
rh i 4, AR B A B 32 A 4 5 PR
TFAcH A5 i (CEC) My BR il o 9 M 48 i 70 58 43 BH 25
T2 e i 7 A& i B T L AE B 4 b oin A BS-12
J&, BS-12 1y 1E A ff oy DA PH B8 72 4 7 o0 5 1 gk
T B B faf A5 07 45 G, TR EE BS-12 (19 4 ik 4 1L £ #
a7 Sifg [1] S0 JR s B BS-12 A& 4 Lb 451 ) 385 i, BS-12
DI K G E S R M C 2445 4 1 BS-12 45

A, L IF H 7 v R A7 ARy o ) S RE o T R B A 1
X C® Aty Mg R T B R 3 o 7 2 T 9 R B s
ity P14 5 PR T BRF AE A5 B TE  BE R 4y fR e 2R AT I
Bf. MENG'' ') BUSiE 52 3 4 & 4 7)) BS-12 & 45 1
REARALTT LLIE b BS-12 38 10 46 45 70 10 92 ik 465 71 W fif
AV IR R A R i it B T A R far W B Cd® T T
HLR AT DU e B o B 7 R T4 CdP L
T REZ BS-12 4 5 W B 3, 181 1 R AT 1a A
1b X} 624 BS-12 A9 &4 L 451 B 50% 34 i %= 100%
SHL g B A BT

JE B T A WG P Tween20 Xf BS-12 161 + i
— B ALE FE B R R R KRS BT -
A A LA 0 20 DL R S A A R AT i
iy Si0, Fe T, T B 1 2 [ BE g4 k0
FL5 21 BS-12 7 4= 5 /K 7 L B2 85 18 1 AR
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F1 5 R W 7 5 4 A A = 6 Cd® T % W B B
TRt mE 1A, 2 Tween20 & 1fi
Ll 45 A6 B, 2 0 = 2 [a) B A 3% i al RE S 3w
Cd™ " W B A 389, {EL B 5 18 A LU 490 38 0, g K )2
ORI i e TN ORISR T VAN S
Wi X Cd® " W B AR A, T 1 AR, B AR
BAF SR BE b R K W B it g, S 00O DG, 0 W Bl 1B i
b 51 54y 155 o 5 R 5 456 i, L [ Bk b 856 i T 46 A ) ok
W BE Cd® (g BH 7 T e B R X Cd® T A Wi BV
WA P . %2 AH B2 AL B0 T R 25 16 i
E 81 4 388 T, Wi BRF EL Fg 38 o, 1) EsF 36 1k 2% TR T 3%
T, ERE T R Tween20 A4 4 o ] A 58 A, LS 1
24k R A B R . R 2 AS 1R fk
AT LLR Y, A8 R B A AR /N T & AR
177 25 46 Wi = B 22 ) 1) 8 A8 25 3R K, 136 B Tween20
(18 405 8 X 0 B et o7 2 7R A5 b 19 5 i R K, W o 3
S L B 1 B A] A2 4 T T A BS-12 B B B
Vi R HEAT I, Tween20 (146 M 3 %2 J2 38 13 52 i) BS-12
R RZ T Cd™* B W 235 SR, T 12 A A s 2 38 o o
Cd* " Ay BERRL g o A 52 B 0 W A 3 7 v Wi A
WG F 15 o R A BEL S A B R ) 1 25

PRI I 5 48 i ) 38 1 i A
BILA) 1) 5 R 1 1 [ B, 25 s HG o) o 4 8 T I I
PERE 1952 W R ARAT B, AR SCEE UL 7E — 2 1
B LR, Tween20 & it & i - 38 i T % Cd** Y
M B i

3 45 ®©

TERA LB/ T 0.5, Tween20 & e M6 i il 3 5
P PEAE A AR Cd® " 1 W B BE 77, Langmuir J5 216
B R LR CA* IR IR T, pH B, &
FCAB A b Xk Cd™ ™ (¥ R B B 84, B9 SR 1 1
597 LREXE CA* T MR . T E SRR B
Wi A RE Cd™ " (Y W B S 8 42 o 0 11 R R R 4%
R Cd® " W Bl R A AR

S % X W
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Cd’* ADSORPTION OF BS-TWEEN20 COMPOUNDED MODIFIED BENTONITE

Ma Linli' Meng Zhaofu'" Yang Shuying’ Yang Yati® Wang Jiantao' Li Bin’
(1 College of Resource and Environment, Northwest A & F University, Yangling, Shaanxt 712100, China)
(2 College of Science, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract Pollution of groundwater and soil by heavy metals and organic substances is getting increasingly serious.
In the polluted soil or water, the pollutants often exist simultaneously, to remedy the soil or water, the method of fixation
through adsorption is one of the most effective ways. Organically-modified soils can effectively adsorb organic compounds.
Amphoteric surfactant modified soils can adsorb organic substances and heavy metals at the same time, but their organic
pollutants adsorption capacity is not so high as cationic modified soils. In order to enhance their capacity, they are further
modified with another type of surfactant modifier. For that end, bentonite was modified with dodecyl dimethyl betaine
(BS-12) + Tween20 complex varying in ratio by wet chemical method and effects of the modified bentonites adsorbing
Cd*" relative to ratio of the modifier (in terms of total carbon ratio of Tween20/BS-12, set at 0.25, 0.5, 1 and 1.5),
temperature (20,30 and 40°C ), pH (3, 5 and 7) , ionic strength (0. 05,0. 10 and 0. 50 mol L") were explored using
the batch experiments and control variate method, and mechanism of the adsorption was studied from the aspects of adsorp-
tion isotherms ( Model fitting, using the CurveExpert 1. 4 nonlinear fitting software and the stepwise approximation method
for nonlinear fitting) , temperature effects and thermodynamics. Results show that the equilibrium Cd’" adsorption capacity
of Tween20 complex modified bentonite varied with modification ratio, displaying an order of BS +0.25T > BS +0.5T >
BS>BS +1 T>BS +1.5 T >CK, which means that when the ratio ranged between 0 and 0.5, the capacity rose with
the ratio, but when the ratio exceeded 0.5, the capacity decreased with the rising ratio, which demonstrates that the
Tween20 modification ratio, less than 0.5, is in favor of Cd*" adsorption on modified bentonite. The adsorption isotherms
of Cd*" on modified bentonite can be described with the Langmuir model. Within the experimental range that ensured
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Cd*" soluble, the rise of pH under the acid condition increased cd®” adsorption, somewhat, as a result of strong competi-
tion between H* and heavy metal ions for adsorption sites. Tonic strength has some strong impacts on Cd*>* adsorption ca-
pacity of the modified bentonite, mainly in three ways: (1) Forming ion pairs or affecting pH of the solution, thus altering
the activity of free metal ions; (2) Triggering competition between K* and Cd*" for adsorption in the supportive electro-
lyte; (3) Causing the supportive electrolyte to compress its double electrical layer, i. e. diffusion layer, thus altering the
adsorptive surface of the soil sample, As a result, the soil sample weakened its Cd’" adsorption under increasing ionic
strength. With rising temperature, the modified soil increased its Cd>* adsorption, showing a positive relationship. Ther-
modynamic parameters show that Cd** adsorption on modified bentonite is a entropy controlled spontaneous process. Cd*”
adsorptions on all the soil samples are endothermic processes. It can, therefore, be concluded that modification of ampho-
teric bentonites with Tween20 to a certain ratio can increases the soil Cd*” adsorption capacity ; amphoteric modifier BS-12
and nonionic modifier Tween20 are used jointly to modify bentonite, altering its electrical attraction and hydrophobic
bonds, thus increasing negative charge of the surface layer and thickness of the hydrophobic layer of the bentonite. When
Tween20 modification ratio is low, the interlayer spacing expands in bentonite, thus leading to increase in Cd*" adsorp-
tion, while higher modification ratio brings about a thick layer thickening, blocking negative charge sites on the surface of
the modified soil, thus lowering the soil’s Cd’" adsorption capacity.

Key words Bentonite; Amphoteric modification; Nonionic surfactant; Cadmium ion; Adsorption
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