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Table I Logarithmic n-octanol / water partition coefficient ( logP ) and structural formula of thematerials tested

Eynwrp s BS-12 DAS EN Ei3
Materials tested Dodecyl dimethyl betaine Sodium decane-1-sulfonate Phenol Phenanthrene
TR
C,,Hy;NO, C,,H, NaO,S CH;OH C.,H,,
Molecular formula
CH, OH

SR |

C,,H—N*—CH,C00"
Structural formula |
CH,
/> FizMolecular weight 271.43
SR A T R BN EUE
Logarithmic n-octanol /
1.33+0.24

water partition coefficient

(logP)

I
CioHy, _?20 0.0

0O~ Na'
244.33 94.11 178.23
2.89+0.39 1.46 4.5
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T SOBSIEIRILIZIE + CECLIS0% LLAIBSHEATI& M, 25DASEIEDASHENFIE - CECLI25% L B #E 17144 . T M Note:50BS means that
the modification ratio ofBS was 50% CEC, whereas 25DAS means that the modification ratio of DAS was25% CEC. The same below
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Effect of modification ratio on adsorption of phenol (a, b) and phenanthrene (¢, d)
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Fig.2 Effect of temperature on adsorption of phenol (a) and phenanthrene (b)
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Fig. 4 Effect of ionic strength on adsorption of phenol
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>50BS (2.16% ) >50BS+25DAS (1.89% ) ;
0 B 2 T A . CK (22.63% ) >100BS
(8.96% ) >50BS (8.27% ) >100BS+25DAS
(2.12% ) >50BS+25DAS (1.53% ) . 7£0.1~0.5
molL ™" PO YL P, AR R X R 1 S A 0
A FHKNO # 1S K2 A K .
2.5 BS+DASE & iH A L kM RD & IERI A

N FHHE

22 iR A A I B R 1 i Henry #5285 JE (1)
FreundlichB B4l & S8 M RMIN T2 S 800, #54HE
T2 X R My A S A I B A IR A8 R DG R 1k
M EH K (p<0.01) o E25°CEAMFF, BSH
PEAG 1 12 i 55 8 T W B 2 A DG 1Y R AR K (B B
& BSAEA LE 3% T s X T K P SR Y
3k, KBS LL BB K, WA A G 48
P de B W o 568 5 m (L X5 B AR . BS+D A S K TiL 48 i i
T A, BEE DA L S, Ak R X AR
Wt e (K, ) BEAR; XTHER MM A & (k) 5
BRI T (n) BRI FEIGE KIGREAL. &2

FMAR T 2F SR L, A B R B R 1 )
B BEAS S A G<OMIZE R, & T A R,
P HAEAE- A G R /NIF Henry 15 #4815 1) 43
Bt 2 KUK E A0 56 4 — 30, U S B ) & 1
W B B K s SOBS+DAS K Bt 8 M 4 FE X 2K i
1) A HBESOBS+150DASAN M fifE, -AHKEDAS
16 4 HL 5] B4 38 RO/, A SBED A S8 e 491 i 671
EZR W R B, R S 7R S AR 18 0
100BS+DAS K B A& 14 X 8 1 19 A H B A S H
TUfE, - AHBEDASIEME B3 K K, A ST
WIS, 2 IR AR D R

25 B A I BRI B W B PR R A RS B
J&F A AR, SOBSKrEERIEMDAS, -AGKE
DA S i3 K m3g K, 100BSK B, -AGR
DAS& i L i3 A, Bk E A AE A H
ASEI R, 7E50BSHIT00BSIHEAY I, BEZEDAS
A LI K, -AH, - ASHIFRBLN el KR 8
N, AR IR A U N

R2 RAPSSURRNUANZESH

Table 2 Fitting parameters and apparent thermodynamic parameters of the model

25 Phenol dEPhenanthrene
T 2B 8 . T 22 S50
Henry 571 Freundlishf& Y
. Apparent thermodynamic . Apparent thermodynamic
iy Y Henry model Freundlish model
+#£Soil parameters parameters
Temperature
AG AH AS AG AH AS
r K, (kJ (kJ  (Jmol r k¢ n (kJ (kJ (J mol”
mol™) mol™) ") mol™) mol™") )

CK 0.99237  9.29 -5.25  -9.46 -14.87 0.9825" 64.16 0.94  -9.24 -25.50 -57.43
50BS 0.9832"" 37.86 8.56 -9.84  -4.54 0.9632" 44.47 0.60  -532  -0.79 15.98
100BS 0.9924" 48.62 9.14  -6.12 10.68 0.9876" 38.78 0.48 -4.16  -8.95  -16.90
50BS+25DAS  0.9899" 15.88 6.51 -10.83 -15.25 0.9593" 24.59 042  -3.18 -5.91 -7.56
50BS+50DAS  0.9765" 7.34 469 -2.56  7.55 0.9703" 2490 0.46  -3.47 -7.41 -11.28
10°C 50BS+100DAS 0.9946" 5.90 418 -329  3.16 0.9583" 27.63 0.56 -437 -939  -14.41
50BS+150DAS 0.9378" 4.71 3.65 3.08 23.75 0.9690” 29.54 0.60  -4.80 -3.63 5.44
100BS+25DAS 0.9925™ 30.69 8.06 -23.49 -54.47 0.9769" 52.51 0.67 -6.26 -16.59 -36.50
100BS+50DAS  0.9947"" 19.99 7.05 -30.04 -81.19  0.9778" 40.31 0.63  -5.44 -25.38 -70.43
100BS+100DAS 0.9862"" 17.73 6.77 -59.99 -187.96 0.9760" 36.84 0.62  -527 -15.17 -34.96
100BS+150DAS 0.9887 " 16.31 6.57 -59.33 -186.33  0.9761" 36.12 0.63 -5.28  -11.25  -21.07
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ar
K3 Phenol JEPhenanthrene
Henry 57 HIII B Freundlishf%i %4 R
_ ‘ Henry model Apparent thermodynamic Ereundlish model Apparent thermodynamic
Temperature +FESoil parameters parameters
AG  AH AS AG AH AS
r K, (kJ (kI (Jmol” r ke n (kJ (k] (Jmol”
mol™") mol™) Y mol™) mol™") Y
CK 0.9943"  7.59 5502 -9.46 -14.87 09803 46.16 0.88  -8.38 -25.50 -57.43
50BS 0.95107 30.68  -8.49 -9.84  -4.54 0.9634 4243 0.60 -5.56 -0.79  15.98
100BS 0.9843" 42.66  -9.30 -6.12  10.68 0.9819" 32,02 0.46  -3.91 -8.95 -16.90
50BS+25DAS  0.99327 12.60  -6.28 -10.83 -15.25  0.9699" 2540 0.46  -3.35 -591  -7.56
50BS+50DAS  0.9604" 6.95 -4.81  -2.56  7.55 0.97527 2620 050  -3.66 -7.41 -11.28
25°C 50BS+100DAS 0.9864" 5.50 -423 329 3.16 0.9744” 29.68 0.61  -4.60 -939 -14.41
50BS+150DAS 0.9708™ 5.03 -4.00  3.08  23.75 0.9761" 29.62 0.63 5.06  -3.63 5.44
100BS+25DAS  0.9950 18.58  -7.24 -23.49 -54.47  0.9564" 39.87 0.63 571 -16.59 -36.50
100BS+50DAS 0.9728" 10.52  -5.83 -30.04 -81.19  0.9523" 26.37 0.54 438 -25.38 -70.43
100BS+100DAS 0.9703" 4.92 -3.95  -59.99 -187.96  0.94717 27.52 0.58 475  -15.17 -34.96
100BS+150DAS 0.9782"  4.59 -3.78  -59.33 -186.33  0.9653" 27.70 0.60 496 -11.25 -21.07

i

3 3

R B R AR S R R K M 25 AR A LTS
ey, ZHATEBS+DAS K FLAG I i 1 ¢ T A i B
HAMAAEZES . B la, B LA,
BS+DASK it & i i 17 A %o 24 1y W o e o~ Ay e i
ARG FR U R A T 2 11 T A A
OB, XS A R PO s
FELE AL, i AR A A X T A S R W R R A
A (Ellc, B1d) , w B A MR EE 5 ik
B AT 2 AR B HLE . 100BS+DASK Fil & 1fi +
TR 2 13 % S B4 W B B 24K T S0BS+DAS & it &
MR, RWIBSF G X ECAE i A X 2R R R
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Different Models and Mechanisms of BS-12+DAS Modified Bentonite Adsorbing
Phenol and Phenanthrene
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LI Wenbin*

(1College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi712100, China )
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Abstract [ Objective ] Bentonite is a cheap and efficient adsorbent that reduces the mobility of
organic and inorganic pollutants in soil.Once chemically modified, the bentonite can increase its organic
pollutantsadsorption capacity. As organic pollutants are different in hydrophobicity, they are adsorbed by
different mechanisms, such as distribution, surface, charge attraction,even on the same surface. However, the
current researchesare focusing mainly on single surface modification of bentonite adsorbing a single organic
pollutant, with little attention to complex amphoteric anionic compound modified bentonite adsorbing
organic pollutants different in hydrophobicity on its surface via different mechanisms and its causes.In
this paper, Dodecyl dimethyl betaine ( BS) modified bentonite was remodified with anionic surfactant
Sodium 1-decanesulfonate (DAS) . Analysis was done of effects of modification rates on adsorption
capacity of the modified bentonite and its apparent thermodynamic parameters of phenol and phenanthrene,
and further of differences in adsorption of organic pollutants different in hydrophobicity and its causes.

[ Method ] Sodium bentonite was purchased from the Xinyang Tongchuang Bentonite Company and
further purified . BS is an amphoteric surface modifier and DAS an anionic surface modifier. BS modified
bentonite and BS+DAS combined modified bentonite were prepared with the wet method. S0BS means that
the modification ratio of BSis 50% CEC, whereas 100BS+100DAS means indicates that the modification
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ratio of both BSand DAS was 100% CEC. Phenol and phenanthrene had 9 levels of concentration forming a
gradient. A batch adsorption experiment was done, placing 0.2000g of soil sample into each 50mlcentrifuge
tube ( plastic or glass ) , adding 20.00mlof phenol or phenanthrene solution (25% v/v, Dimethyl sulfoxide
as solvent ) , separately into plastic tube or glass tube, covering each tube with a lid andsealing the lid with
glue to prevent volatilation of phenol and phenanthrene,putting the tubes on an oscillator with constant
temperature for 24 hours of oscillation and then on a centrifugeforcentrifugation, determining equilibrium
concentration of phenol or phenanthrene in the supernatant, and in the end calculating adsorption of phenol
or phenanthrene in the solution using the subtraction method. [ Result ] Results show that adsorption of
phenol and phenanthrene on BS+DAS bentonite decreased with increasing anionic modification ratio, the
effect of the BS+DAS bentonite inhibiting phenol adsorption was more significant; the sorption of phenol
on the bentonite were of the mode of “unsaturated” partitioning, while the sorption of phenanthrene of the
mode of “saturated” partitioning; and both were physisorption. rising temperatureinhibited the sorption
of both, but rising pH promoted the adsorption of phenol while inhibiting the adsorption of phenanthrene;
Tonic strength, in the solution varying in the range ofof 0.001 molL™' ~ 0.1 molL™" KNOsin concentration,
enhanced phenol and phenanthrene adsorption; the analysis of thermodynamic parameter shows that
the adsorptions of phenol and phenanthrene on BS+DAS bentonite were spontaneous process, while the
adsorptions triggered by improvement of the logarithmic n-octanol/water partition coefficient (log P) by
DAS on the surface of BS+DAS bentonite were different in mechanism. [ Conclusion ] To improve the soil
sample’ s capacity of adsorbing organic pollutants different in hydrophobicity by modifying the soil sample
chemically to increase its organic carbon content, it is essential not only to take into consideration the effect
of organic carbon content, but also to take into account variation of the intermiscibilitybetween organic
phase of the soil surface and pollutions.

Key words Anionic surfactants; Combined modified; Organic pollutants; Adsorption
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