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

Sediment
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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 pseudosecond-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
1% CEC
/mmol+ (100 g) ~' 1%
21.5 42.0 34.2 2.3 15.74 0. 86
1.2 mL.
THZ-82 ( 7
) 800B (
) UV-2550 ( ): D/
MAX-RB X ( ) PE2400 1.4.2
Series I CHNS/O( USA) ; B3 100 mL
( ). (0.1000 £0.000 1) g
( HSFO 180CST ) 293K SDBS
0.970 7 geem ° 323K 168.0 mm’+s'; (
-1
( SDBS ). ( 2 ~20 mgeL™) 40 mL
1.3
( ASW) " :24.7¢ NaCl 13.0 2
MgCl,*6H,0 9.0 g Na,SO,+10H,0 954 ¢ H,0
g Mghl, 2 g Na, o, 2 g 2.1 SDBS
; ( DASW)
1 SDBS
(DW) 1:1
SDBS - SDBS 3 .
20 mg°L 1 20 min
(0.1000£0.0001) g  SDBS
100 mL 1000 mg-L~". 72
1:100
L 68 -
400 remin
2 h 2d 5 em é:ﬁ 6l
o]
16 60 L
1 N
5.6
1.4 (; IIO 2‘0 3I0 4‘0 5I0 6I0
14.1 {/min
o 1 298K
100 mL
SDBS
( 0.1000 +0.000 1) g Fig.1 Nondinear pseudo-second-order model for sorption kinetics
SDBS 40

of heavy oil on sediment at various concentrations of SDBS at 298K
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18 - 21
30 min . SDBS 0 mgeL™'
SDBS 20 mg-L™' 0.5356
g*( mg*min) "' 0.943 8 g+ ( mg*min) ~
SDBS
2 r 2.2 SDBS
Q.(exp) Q. ( cal) 2.2.1 SDBS
298 K
SDBS
r’ 0.99 2
Freundlich * 2
(1) 3.
2 SDBS

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

Csps /mgL ! Q.(exp) /mgeg™'  Q,(cal) /mgeg™"  k,/g-(mgemin) "' r”
0 1/Q, =0. 04599 +0. 155 8¢ 6.428 6.418 0.5278 0.999 2
4 1/Q, =0.031 56 +0. 151 21 6.736 6.614 0.724 4 0.999 6
3 1/Q, =0.024 01 +0. 143 61 7.022 6.964 0.858 8 0.999 8
20 1/Q, =0.020 14 +0. 140 0¢ 7.154 7.143 0.9732 0.999 8
0 Q,=21.66¢/(1 +3.4061) 6.428 6.359 0.5356 0.9976
4 0, =27.871/( 1 +4.2271) 6.736 6.593 0.6411 0.999 4
3 0, =39.821/( 1 +5.7431) 7.022 6.934 0.8283 0.999 5
20 Q,=47.75¢/( 1 +6.7131) 7.154 7.113 0.943 8 0.999 3
g 3 208K SDBS
Freundlich
r Table 3 Freundlich sorption isotherm parameters of heavy
6 oil on sediment at various concentrations of SDBS at 298K

. 5F Cspps Freundlich Kp/(mgeg™) - N 2

Iéﬁ s /mg'L’1 (L'mg’])””

3 0 Q,=1.636¢,""* 1. 636 0.9107 0.9938
3+ 4 Q, =2.423¢, "% 2.423 0.9381 0.9710
5L 8 0, =2.937¢."" 2.937 0.9834 0.9847

20 Q. =3.427¢, """ 3.427 0.9823 0.989 1
1k
0 L ' . ' ! ' ' 23
0 05 10 15 20 25 30 35 40
/L 3 SDBS
2 298K SDBS Freundlich K,
Freundlich SDBS
Fig.2 Freundlich isotherms for the sorption of heavy oil on
sediment at various concentrations of SDBS at 298K
Q. = Kl (1)
0. mgeg c,
mg-L ™" K, 0. 86%
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21.5%
Freundlich . SDBS
SDBS
# SDBS
SDBS N SDBS 2.2.2
298 K ASW. DASW. DW
SDBS . 3
o SDBS 20 mg*L.~"  SDBS
CMC(298 K 433.5 mgeL ') 3
SDBS ASW >DASW >DW
SDBS 3( a) ASW
/ 2"’ DASW DW 3.192
SDBS 0 mgeL"' 20 mgeL~' SDBS 2.462 3(b)  SDBS ASW
DASW K, DW
SDBS 5.463 2.531 ( 4)
SDBS
: 3 T / b) SDBSFE{E T TR
Th () mEER asw ®) E
6 6 r
5F 51
\g Al \g sl <
£ £ 2
3 3+
2 F 2L
1F 1k a
0 1 1 Il Il 1 Il 1 1 Il 0 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
cofmg 17! cofmg 17!
3 298K Freundlich
Fig.3  Freundlich isotherms for the sorption of heavy oil on sediment in different media at 298 K
4 298K 3
Table 4  Sorption coefficients of heavy oil on sediment
in three different media at 298 K
SDBS CspBs Ky /( mgeg™') (Lemg™") o Ky asw Ky pasw
SDBS /mgeL~"  ASW  DASW DW K py Ke by
Na* Mg2+ 0 1.636 1.262 0.5126 3.192 2.462
20 3.427 1.588 0. 6273 5.463 2.531
SDBS ®
3
o7 283, 288, 293, 298,
308 K 20 mg*L ™'
27 28 SDBS
830 4 Freundlich
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8
8- (b) Ejih + 20 mg-L™! SDBS
Tr 7L
I3
6 6L
o 5+ o 5k
ap ap
£ 2t
Qi 3 = 283K Qi
L 3L
e 288K
2 b 4 293K 5L
v 298K
Lr + 308K L
0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1
0 05 10 15 20 25 3.0 35 40 45 50 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
co/mg 1! CofmgL7!
4 Freundlich
Fig.4 Freundlich isotherms for the sorption of heavy oil on sediment at different temperatures
5 Freundlich
Table 5 Freundlich parameters for the sorption of heavy oil on sediment at different temperatures
+20 mg*L"'SDBS
T/K
Freundlich Ky n I Freundlich Ky n I
283 Q. =2.79%c """ 2.794 0.899 3 0.992 4 Q, =6.344c %72 6. 344 1.029 0.990 8
288 Q, =2.034c 2.034 0.925 1 0.987 3 Q. =4.653¢%°1° 4.653 1.023 0.997 6
293 Q,=1.862¢, " 1. 862 0.8929 0.999 0 Q, =3.934¢, "% 3.934 0.9615 0.9915
298 Q. =1.636¢,"" 1.636 0.9107 0.993 8 Q.=3.427¢, "8 3.427 0.9823 0.989 1
308 Q. =1.133¢, """ 1.133 0.899 3 0.995 4 Q, =2.208¢,%%"! 2.208 1.003 0.986 6
1) Ky Freundlich (mgeg™") *(Lemg™") tn
R 8.314 J+(mol*K) " T
AG’ K.
32 AH® AS°
K, 1/T
AG’ = RT InkK, (2) AH". AS®
k 6
33 o
6 AG 0
AH’ AS’
Vant Hoff AG' =20 ~0 kJemol '
0 0
Ink, = _AH AS (3) AG'  -400 ~ —80 kJemol ' SDBS
‘ RT R
6
Table 6 Thermodynamic parameters for the sorption of heavy oil on sediment in artificial seawater
+20 mg*L ~'SDBS
T/K G* H® s° G H° s°
K, x107? A A A K, x107* A A A
/kJ*mol ~! / kJ*mol ~! / J+( mol*K) -1 /kJ*mol ™! / kJemol 7! / J+( mol*K) -1
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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AG’( —19.71 ~ =20.61 kJemol ")
AG’( -18.37 ~ —18.82 kJemol ")

SDBS

AH® -22.21 kJ*mol ™', -29.28

kJemol ™'

SDBS

AH®
AS* 0

SDBS AS*

(1) SDBS

SDBS
(2)
Freundlich K, SDBS
. SDBS
(3) SDBS
AG’. AH". AS’
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