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Influence of SDBS on Sorption Behaviors of Heavy Oil on Jiaozhou Bay

Sediment

CAO Xiao-yan,HAN Hui, YANG Gui-peng

(Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Ocean University of China, Qingdao 266100,
China)

Abstract: Sorption behavior of heavy oil onto Jiaozhou Bay sediment in the presence of anionic surfactant sodium dodecylbenzene
sulfonate (SDBS) in artificial seawater was studied. Batch method was used to investigate the kinetic and thermodynamic behaviors.
The results showed that the sorption rate and sorption capacity increased with the increasing initial concentration of SDBS. The sorption
rate equations could be described by the pseudo-second-order model. The sorption isotherms were in good agreement with the
Freundlich model. Higher salinity and lower temperature of the medium were favorable to the process. In the temperature range of 283-
308K, the values of thermodynamic parameters were estimated, such as the AG", AH’, AS® which had significantly negative values in
the presence of SDBS than those without SDBS. The sorption process was a spontaneous and exothermic reaction, and the randomness
was decreased during the process.
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Table 1 Selected physical and chemical properties of the sediment sample
WAL/ % FHES T A #e 5 iit CEC IR
] EES KA Ji A /mmol- (100 g) ™' /%o
21.5 42.0 34.2 2.3 15.74 0. 86
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Fig.1  Non-linear pseudo-second-order model for sorption kinetics

of heavy oil on sediment at various concentrations of SDBS at 298K
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Table 2 Kinetic constants derived from pseudo-second-order model of heavy oil sorption on sediment at various concentrations of SDBS

Th = gegh Jy 2 i

cspps/mg* L -

Q.(exp)/mg-g™"

Q. (cal)/mg-g™!

ky/g+ (mg-min) ~

1

2
r

0 1/Q, =0.045 99 +0. 155 8¢ 6.428 6.418 0.5278 0.999 2
4 e 1/Q, =0.031 56 +0. 151 21 6.736 6.614 0.724 4 0.999 6
2
8 1/Q, =0.024 01 +0. 143 61 7.022 6.964 0.8588 0.999 8
20 1/Q, =0.020 14 +0. 140 0¢ 7. 154 7. 143 0.9732 0.999 8
0 Q, =21.661/(1 +3.4061) 6. 428 6.359 0.5356 0.997 6
Tt bk Q,=27.87t/(1 +4.2271) 6.736 6.593 0.641 1 0.999 4
- 0, =39.82¢/(1 +5.7431) 7.022 6.934 0.8283 0.999 5
20 Q,=47.75t/(1 +6.7131) 7.154 7.113 0.9438 0.999 3
g #*3 298 K, R % SDBS {77 F E il AL Ui
W B A L 26 Freundlich 44 2 4
7 =
Table 3 Freundlich sorption isotherm parameters of heavy
6 oil on sediment at various concentrations of SDBS at 298K
st CspBs Freundlich K/ ( mg'g" ). 2
= /mg-L 7! i R —1y1/n n r
2,0 mg-L A (L-mg™")
§ Q,=1.636¢, """ 1.636 0.9107 0.993 8
3+ Q, =2.423¢, "% 2.423 0.9381 0.9710
L 8 Q. =2.937¢,"7 2.937 0.9834 0.9847
20 Q. =3.427¢, "¢ 3.427 0.9823 0.989 1
1 =
0 1 1 1 1 1 1

1
2.0
ce/mg-L™!

1.0 1.5 2.5 3.0 3.5 4.0

K2 298K, AWK AL SDBS f£4: F H ML i) L1
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Fig.2 Freundlich isotherms for the sorption of heavy oil on

sediment at various concentrations of SDBS at 298K
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Fig.3 Freundlich isotherms for the sorption of heavy oil on sediment in different media at 298 K
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Table 4  Sorption coefficients of heavy oil on sediment

in three different media at 298 K

€spBs Kr/(mg'gil ) ‘(L'mgil )y Ky asw Ky pasw
/mg-L7" ASW DASW DW Ky vy Ky vy
0 1. 636 1.262 0.5126 3.192 2.462
20 3.427 1. 588 0. 6273 5.463 2.531
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N T KA Birh, 76 283, 288, 293, 298,
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SDBS {7 {6 i) 5yl 75 DUAR 4 b 1 W B A5 R 2k,
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By TS b, K Yo Bl L RE ) T e T B A, 1 B
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Table 5 Freundlich parameters for the sorption of heavy oil on sediment at different temperatures
/K il il +20 mg-L~'SDBS
Freundlich 5575 Ky n P Freundlich 457 Ky n P

283 Q. =2.79c, """ 2.794 0.8993 0.992 4 Q. =6.344c "2 6. 344 1.029 0.990 8
288 Q. =2.034c "™ 2.034 0.925 1 0.987 3 Q, =4.653¢ %777 4.653 1.023 0.997 6
293 Q.=1.862¢, "% 1.862 0.8929 0.999 0 Q, =3.934¢ 1 3.934 0.961 5 0.9915
298 Q.=1.636¢ """ 1.636 0.9107 0.9938 0, =3.427¢. """ 3.427 0.9823 0.989 1
308 Q,=1.133¢, """ 1.133 0.8993 0.995 4 Q. =2.208¢, %! 2.208 1.003 0.986 6

1)Ky /& 1 Freundlich 77 75 #0473 B A W i S %0, (mg-g ™) - (Lemg ~') "

BIF R B A4 2 o R0 B 1 T A OB ML AR, W A, ROy EA AR H,8. 314 J - (mol-K) 75T K
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o 47 5 L 5 FOR I, LL InK, 3§ 1/T 15 P, W45 ) 2 1 07 72 1)
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b K, 4 V8, LU R B 6
P B E R R f14 6 AR METR I [ F AR AGY BT 0,
BRI R 2 AR FUBRHE WS A 28 AS® RTAR g g/ OB L O MR R AT . R
3 Van't Hoff 77 b 51 - BRI Y AGY E - 20 ~ 0 kJomol ', 4L % WL I {0
Ink, = - AR[;G + Alfﬂ (3)  AG® £ —400 ~ —80 kj-mol '™ S¢# i 345 SDBS
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Table 6 Thermodynamic parameters for the sorption of heavy oil on sediment in artificial seawater

Eah Il +20 mg-L~'SDBS

T/K K, x10°? AG® | AH® | AS° | K, x10°3 AG® | AH® | AS° |

/kJ - mol / kJ+mol / J+(mol-K) /kJ+mol / kJ+mol / J+(mol-K)
283 2.975 -18.82 6.356 -20.61
288 2.176 -18.40 4.634 -20.21
293 2.067 -18.60 -22.21 -12.44 3.982 -20.19 -29.28 -30.94
298 1. 803 -18.57 3.455 -20.19
308 1.304 -18.37 2.203 -19.71
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