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Adsorption Kinetics of Phenol on Organic Modified Lou Soil

MENG Zhao-fu' , DENG Jing’, YANG Shu-ying' , ZHANG Yi-ping’

(1. College of Science, Northwest A&F University, Yangling 712100, China; 2. Library, Northwest A&F University, Yangling 712100,
China; 3. College of Natural Resource and Environment, Northwest A&F University, Yangling 712100, China)

Abstract : Using batch experiment, the adsorption kinetics of phenol on both tillage layer (TL) and clay layer (CL) of Lou soil modified with
cetyltrimethylammonium bromide ( CTMAB, CB) at various ratio (100 CB and 50 CB) and cetyltrimethylammonium bromide + sodium
dodecylsulphonate (CTMAB + SDS, CS) mixture were carried out, and its mechanism was discussed also. The results showed that two
adsorption velocity parameters of phenol, total-adsorption-velocity ( V,) and fast-adsorption-velocity ( V;), on both layers of modified soil are
2.64-3.31 pg+(g+h) ™', 39.19-61.23 pg-(g-h) ~' at low added phenol concentration respectively and 13.09-16.30 pg-(g-h) ™', 247.87-
325.64 pg: (g-h) ~'at high added phenol concentration respectively at two experimental temperature, moreover, the two velocity parameters
have a same sequence in different modification treatments, i.e. ordered by 100 CB > 120 CS > 50 CB > CK in TL treatment and by 100 CB >
50 CB> 120 CS> CK in CL treatment. These outcomes indicated that the modification on the both layers of Lou soil increases significantly the
adsorption velocity of phenol. The adsorption of phenol is divided into two stages, fast adsorption and slow adsorption, in which the adsorption
of phenol is primarily decided by the fast adsorption while it is affected little by slow adsorption. Therefore, the velocity parameters that relate
with the fast adsorption have better correlation between them. The time of conversion (¢,) between fast adsorption and slow adsorption in
modified soil is less than 2 h, and shows a reverse sequence in different modification treatments compared to the adsorption velocity parameters.
The adsorption velocity of modified CL to phenol is higher than that of modified TL. The adsorption velocity of organic modified soil to phenol
can be increased by an increase of both temperature and added concentration of phenol. The exponential [l kinetic model is the best model to
describe the adsorption kinetic curves of phenol on modified soil, furthermore, the fitted parameter A has better correlation with the velocity
parameters related to the fast adsorption while the fitted parameter — B, which can become a characteristic parameter to describe the adsorption
velocity, has better correlation with the time of conversion t,. The adsorption of phenol on the modified soil is primarily decided by the
hydrophobic adsorption of organic phase on the surface of modified soil.

Key words: kinetics; adsorption; organic modification; Lou soil; phenol; exponential [ model; mechanism
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Table 1 Basic physical and chemical properties of soils used

Fiki( <0.01 mm) OM CEC CaCO, 5y

+ 1 pH -1 -1 -1 -1 -1
/g kg / g kg /mmol - kg /g kg /g kg

»AHHE 8.66 452.2 11.2 206.0 75.5 ND
HAFZE 8.24 530.4 8.8 280.9 3.2 ND

+ 3 3 T 46 R PR Bk BRI — S SRR R,
e CEC DL — 22 Ho il FREL CTMAB, il A & 8 F /K
HOIMEE 60°C, T PR R AEREFE T, A
B KB ARFREE IOV 3 h, HAs g, L& B 1Kk
%59 ,60°CHE T, i 1 mm JE B, 45 . CTMAB,
SDS 1R A & i + B 1 il 45 >k F J5 n A CTMAB J
BE 3 h, A SDS KU 3 h il £ ik

A LG YY)k IR, AR 05
1.2 Wit S hE
1.2.1 BRI

DLk 802 B2 RO A IR B
JRt R %t B % A CEC & DL 50% L i) CTMAB.
100% L ] CTMAB. 100% Lt ] CTMAB + 20% Lt
SDS 1 A i 1718 i . g BUA 8 168 8 I, 26 + 8 2
+ .CTMAB 50% 1& i - #£ . CTMAB 100 % f& #fii - #¥ .
CTMAB 100% + SDS 20 % 1& i +-#£ 43 51 LA GCK. 50

GCB.100 GCB. 120 GCS F/~; % + Fitk 2 JE £
CTMAB 50% f& #ii 1+ #: . CTMAB 100% f& #ii 1= #% .
CTMAB 100% + SDS 20% & i - #% 43 51 Ll NCK. 50
NCB.100 NCB.120 NCS # /&~ .

HW 5 20,100 pgemL™' 2 YR SEG IR B
20, 40°C 2 MRE M EHBE 4 M ER .
1.2.2 LW

H B A 0 A 04 % B 3l g 22 DA Ak 2
(Batch) £ 43 54T A FREL 2 ¢ AT 9 H 50 mL B
WP RO T, LB 4 B A 20.00 mL AH [F
WM R AW, AR e A0, s B 5T,
PIKB R FFIETR . ST 1AH) 8 h 24k ,8 h LU
JEHE 2 h #R% 1 K, B K 15 min, 23 5] F 0.5, 1. 2,
4,6, 8,12, 24 F148 h BL—1/ B> (2500 r*min '),
BUE 8 FWEW T 50 mL &P E KB R E . A
HLAE M = Xk 255 T3 %) W8 B 2 DA A 5% 1 T A B
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Fig.1  Adsorption kinetic curves of phenol in modified tillage layer of Lou soil
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Fig.2  Adsorption kinetic curves of phenol in modified clay layer of Lou soil
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Table 2 Velocity parameters of phenol adsorption on soil

15 JA e

HESH /g (g-h) ™!

iy R

/ C /pgmL ™! Vv, Vo s Vv V. V. to/h
GCK 1.82 70.83 22.90 0.139 27.03 3.04
50 GCB 2.66 131.32 39.19 0.028 47.78 2.66
20 100 GCB 3.07 189.92 51.92 0.238 71.04 1.91
120 GCS 2.73 218.15 52.92 0.024 78.29 1.66
20 GCK 2.81 188.86 54.87 0.003 73.26 1.84
50 GCB 14.01 890.15 271.85 0.360 352.43 1.87
100 100 GCB 14.98 929.54 309.01 0.255 413.22 1.71
- 120 GCS 13.74 939.01 281.07 0.008 383.17 1.72
iz GCK 0.62 18.09 12.16 0.036 13.07 2.15
20 50 GCB 2.64 231.70 50.87 0.034 80.46 1.56
100 GCB 2.94 230.04 56.50 0.153 82.92 1.70
120 GCS 2.88 242.12 55.53 0.004 85.15 1.62
40 GCK 6.00 122.69 53.99 0.499 57.65 4.66
100 50 GCB 13.09 1226.16 247.87 0.176 405.91 1.55
100 GCB 15.48 1336.49 286.94 0.342 451 .44 1.61
120 GCS 13.97 1247.93 261.12 0.289 419.55 1.57
NCK 0.31 6.00 4.43 0.025 4.42 3.20
50 NCB 2.84 167.74 54.43 0.034 67.78 2.02
20 100 NCB 2.93 272.44 55.88 0.000 90.86 1.55
120 NCS 2.79 242 .34 50.07 0.033 78.50 1.69
20 NCK 1.80 67.66 28.43 0.205 33.32 2.32
100 50 NCB 14.48 1058.42 262.98 0.037 371.69 1.87
100 NCB 16.03 1179.24 325.64 0.199 460.79 1.65
_ , 120 NCS 14.16 1100.89 285.73 0.382 412.81 1.67
HiL= NCK 0.35 11.28 4.27 0.045 4.91 3.08
50 NCB 2.91 265.35 54.84 0.057 89.21 1.54
20 100 NCB 3.31 291.32 61.23 0.035 96.70 1.63
120 NCS 2.87 250.66 53.04 0.031 83.31 1.64
40 NCK 2.10 69.98 23.86 0.266 27.69 3.27
50 NCB 15.00 1340.34 291.17 0.082 458.18 1.56
100 100 NCB 16.30 1374.51 309.28 0.111 473.10 1.64
120 NCS 14.66 1294.50 285.42 0.136 445.38 1.59
pge (goh) S BEZ LR VoV R/NIBUY 100 GCB W oS- 359 338 ALK

> 120 GCS > 50 GCB > GCK, 1fi 1k J2 + & & 100
NCB > 50 NCB > 120 NCS > NCK, F& A | 5 3 AH [H] i
RANAS AR R, 5 1 R 2 B oK 1 - A W B ) &5
RO A R MR & R VB RN
A 54 AR Vv K/ANT —B, v, 1
BERY Vg — B2 U0 PR SN i B Y
S 357 5 o 3 R R A T 2 RE TR R
87 A bR o TR A Ay = o sk R o A R B A b BT A
FARK.

HEL Y,V GER,F2 RA B E KK
100 CB +4f V, s K FEMi LB/ 50 CB LA 1945
Bo5 v K.V, V, ZH BB, AT
KD S 359 R B S R T pl A R T R A T R ) O
g e MRS K BT R MR B, R

¥ o e o 5 5 R 4 SRR H o, R A
FREREAR b AE 2~ 4 h A2 AT B R RE A E AT
2, 55 R R R S A B . AR R —
Rl B4, R BRSO T VA VROV R e e, HE A
S U £ T 6, I 22 4 A A DR IR A
b, 5 B R AU

1T 180 3 ST B0 T B4 BV, e
% | (7N X R R TR A, O R

HHEATINE .
2.2.2  AS[A] 52 RO AR R O SR ) S
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Table 3 Correlation between the various velocity parameters and exponential [[ model parameters

Vi Vos Vi V, V. te A - B
Vi 1
Vos 0.974" " 1
Vi 0.994"~ 0.973" " 1
V 0.428" 0.327 0.373" 1
Ve 0.989" * 0.992" " 0.994" " 0.351" 1
be -0.377" -0.489" " -0.445" 0.316 -0.474" " 1
A 0.999"~ 0.974" " 0.997" " 0.411" 0.991" " -0.396" 1
-B -0.424" -0.528"" -0.461"" 0.176 -0.498" " 0.895" " -0.434" 1

1D * 7 FRORLE 0.01 B MK EASE, * RIRTE 0.05 B MEAKFE ARG

SIS A RAR IR IR 2R, AE S T 1T PR W B 5 I 34
R, D) 30 A BRI B RS A0 3 B RS 2 47 i ) 1] gl

RIS 18 .

3.2 FRECT BYE) ) AR S 400 L
FRECN M) Dy 2R I K IE UL 1.3.2, ik
B B R PEAL J5 B AR JE A InS = InA + (B/¢) . AT
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Table 4 Fitted parameters of phenol adsorption by exponential Il kinetic model
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. H‘JJ[I%cJﬁ‘ 4k B2 Lz
/pg*mL r A - B r A - B
CK 0.9230" " 80.58 0.475 0.9328" " 14.48 0.926
50 CB 0.9356" " 125.64 0.379 0.9524" " 140.02 0.286
20 100 CB 0.9734" " 139.75 0.203 0.9195" " 141.15 0.020
20 120 CS 0.9945" " 132.17 0.098 0.8201" " 131.67 0.052
CK 0.9800" " 136.69 0.195 0.9909" " 81.55 0.458
100 50 CB 0.9632" " 676.27 0.229 0.9653" " 690.87 0.145
100 CB 0.9658" " 737.25 0.208 0.9843" " 780.31 0.133
120 CS 0.9844" " 677.02 0.174 0.9848" " 701.48 0.117
CK 0.9940" " 30.90 0.607 0.9434" " 15.15 0.552
20 50 CB 0.9875" " 126.70 0.043 0.9250" " 138.16 0.022
100 CB 0.9943" " 142.98 0.109 0.9316" " 157.55 0.045
120 CS 0.9901" " 138.48 0.065 0.9349" " 136.47 0.049
“ CK 0.9229" " 246 .62 0.820 0.9087" " 88.37 0.534
100 50 CB 0.8430° " 627.94 0.015 0.9460" " 723.43 0.042
100 CB 0.9543" " 732.48 0.050 0.9899" " 782.94 0.069
120 CS 0.9351" " 662.78 0.033 0.9893" " 711.52 0.048

1) M f=8,p=0.050,r=0.632;p=0.01 0, r=0.765
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