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Adsorption of phenanthrene on amphoteric—cationic modified yellow—brown soil

LIU Wei'?, LI Wen—bin®, MENG Zhao—fu'*, HANG Zhao—xi', WANG Teng', HU Xiao—long', REN Shuang'

(1.Department of Natural Resource and Environment, Northwest A&F University, Yangling 712100, China; 2.Department of Chemical and
Environmental Engineering, Xinjiang Institute of Engineering, Urumqi 830091, China; 3.College of Environmental Science and Engineering,
China West Normal University, Nanchong 637009, China; 4.Key Laboratory of Plant Nutrition and Agri—Environment in Northwest China,
Ministry of Agriculture, Yangling 712100, China)

Abstract: Two series of amphoteric—cationic modified yellow—brown soils, containing 43% and 6% montmorillonite, were used to explore the
adsorption effect and mechanism of phenanthrene on co—modified yellow—brown soils. The experiment was based on the best modification
ratio of adsorption of phenol on montmorillonite modified by an amphoteric modifier of dodecyl dimethyl betaine (BS-12) and a cationic
modifier of hexadecyltrimethyl ammonium bromide (CTMAB ). The adsorption properties of phenanthrene at different temperature, pH, and
ionic strength were analyzed. The related adsorption mechanism was also explored. Results showed that adsorption of phenanthrene on co-
modified yellow—brown soils increased as the total modification ratios increased. The Henry model successfully described the adsorption of
phenanthrene. Adsorption of phenanthrene on modified yellow —brown soils decreased as temperature and pH increased, but increased as
ionic strength increased at low concentration ranges. Distribution played a leading role in the adsorption of phenanthrene on co-modified
yellow —brown soils. In general, the mechanism of phenanthrene adsorption on modified yellow-brown soils was similar to that of phenol.
Overall, cation exchange capacity (CEC) and modification ratios were the most important factors influencing the adsorption of phenanthrene
on co—modified yellow—brown soils.
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Table 1 Basic physical and chemical properties of the soil used

. R N FER LY R AL
LR i HHU P R RS e Clay content/%
Soil PR OM/g-kg”!  Clay<0.01 mm/g-kg” CEC/mmol kg™ — —
S BHRIA EeES
¥ 5.05 11.50 370.00 201.08 43 8 15
2 5.46 9.30 345.40 184.70 6 15 61

T - pH (B SE SR BRS HUBRIZ: 5 A BILJBT N 52 SR FH o % R 0 7 F 05 s W B R0 2 SR T BOOE BE 20 BT 5 FH RS 1S4 B SR T 2 R B - BIL I

SE ST s B LA B ) B R X SR AT

Note : pH analyzed by glass electrode; OM determined by volumetric method of potassium dichromate ; Clay tested by laser method ; CEC measured by am—

monium acetate—kjeldahl method ; Clay content measured by X-ray.
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Figure 1 Adsorption isotherms of phenanthrene on original

and modified soils
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xR 2 FEMMEBIELER(30C)
Table 2 Results of fitting model of phenanthrene adsorption(30 °C)

+#E Soils Kb FE Treatments r k
1* CK1 0.986 0** 29.64
215BS 0.988 0** 114.9
215CT 0.990 9%** 169.9
215BS+172CT 0.993 9% 194.7
215BS+215CT 0.995 8%** 271.9
215BS+257CT 0.994 8%** 217.3
2# CK2 0.993 1%** 17.06
33BS 0.991 7%* 42.37
33CT 0.992 9%* 53.07
33BS+26CT 0.994 2% 62.34
33BS+33CT 0.992 3%** 77.16
33BS+39CT 0.994 0%** 65.12

TE:** FORTE P<O.O1 KRB, HAME T, BEWLKF
P=0.01 i ,r=0.798,

Note: **Indicates that the correlation coefficient is significant at P<
0.01 level (r=0.798 when the degree of freedom f=7 and the level of signifi—
cance P=0.01).

2.37 %A 1.82 A, & CT 2 i BUAR S A 1.60 % AN
145 5. KW 2 Frefrife s fi— BS (CT &1 )5 X HE
FIR I B 28 PO R A W 38, e BS kA 1 f) CT

S BCAB R 5 X E I I B BB 1 247 B — BS.CT &4
WA -, 5 B R T A — S L L
AR R R B R Bk BIRTF 2 5 AR
AET 7 A5 A A, 26 B LGSR A I i RE I 3K F 2
SRR,

TR 2 T A AR R OO R P 5 4 AR b,
1 SR BS CT &4 -1 BS+CT & i &4 1+ %} JE
AW B 8 T 4 Tl e %o AR T R S i T 1) 7.82.8.29 A5
5.96 15 ;2 S HAFHE BS (CT &4 - F1 BS+CT & it
s XTSI B4 W B 1 3 4 0 e o 24 i W% i 7 149785
6.57 £ F1 5.50 f5 . AR 2 FhEE AR —BS (CT &1
K BS+CT &2 Fe A& i %t 3 (14 W 66 77 29 K F 28 13, 3iE
S S H: PH 1 T AE B 8 T g K i A
EEDIREE 2L e
2.1.2 WAL S BCAB I L Y 3 ik

B AR HE A WCAS i H ) 9 2% 5 X SE A4 S i R B
HAE 2 Frs, 1 Sk RPN 215BS+215CT>
215BS +257CT >215BS +172CT;2 2 % f5 1 32 01 Ky
33BS+33CT>33BS+39CT>33BS+26CT,

215BS+215CT & A8 i e s e 6 S (4 Wz B sl 2R
4y 542 215BS+172CT . 215BS+257CT 42 i 6 1 5 4%
HE1Y) 1.40 £5F0 1.25 45 ;33BS+33CT 52 Fe 841 v A 48
o 9 W B 50 R 43 1) 33BS+26CT . 33BS+39CT &
BCAE B AR 1.24 450 1.18 f%,

A DL A SIAF FE O 8 10 A Ao T W ) e A1
Vs HE A Y 2 A LB HL), 1 FIAE 2 FhOR RS2
I B A AR R R TGS PR A R AR e A
A, [RIRE R IR R T S 7 R B RO o i, GRS T 6 140
YRR 45 50 F X AS [R5 K 1 5 A LTS G
W RS A T A A — S
2.2 B HEXTIER M4 AE RIS
2.2.1 JRLBEXTFE M B A 5 M

3 S AE 20~40 Ci B P9 A A A X R R i iy
TR FERLN o 2 Bl AR A At A X S P e e St 47 i
T E (%) T 55 10 R A, CKLBS (CT &4 il BS+CT & it
A 1 5 BRI B 43 0k T 11.22% .6.12%
4.37%H1 2.53%, H. CK . BS &4 +- 76 A [F) R B AL BT
¥125 5 B, CT &G T 78 20 CIF A A b 71 5 1§ 3%
255 BS+CT &4 116 40 CHH A4 db 1 2 i % 9%
5t ;CK .BS.CT & 1fi 1 BS+CT & FL &1 2 5 Wi ki
W 5 43 B8 20 T 13.13% .6.83% .6.73% F1 4.98%
H CT &4 e R AL PR T 2 8 % 22 5%, CK \BS
&1 A1 BS+CT & AL A& - Y76 40 CHs A1 H 4% 4b 3



X 4, 2. BS-12+CTMAB & Fir 6 1 ke Xot S Fr Wit [t 729

1007 4 a a b
s
5
5 Top
= Y’)
21 sof
% g o CK]
< E O o —215BS
Jﬂg 251k a b o 2150T
= -2 215BS+215CT
[ P T T TN R |
10 20 30 40 50 60
1% Temperature/C
8.0r
| 2*
E 60§ a a b
2 F i S ;
a b v
% pr H e 5 _____________ .
i r =]
i = 1 D L e {1
ZE | - CK2
i N - 33BS
g 207 a d T 33CT
= f - 33BS+33CT
O e i
10 20 30 40 50 60

IEJE Temperature/C

ANIF/ING i FOR A B E] 22 57 7% 0.05 K- I
Different lowercase letters mean significant difference(P<0.05) among

different treatments. The same below

B 3 R EEXIER M B R500

Figure 3 Effect of temperature on phenanthrene adsorption
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Figure 4 Effect of pH on phenanthrene adsorption
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