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Study on the Sorption Behavior of Tetracycline onto Activated Sludge

CHEN Rui-ping, ZHANG Li, YU Jie, TAO Yun, ZHANG Zhong-pin, LI Ke-xun, LIU Dong-fang

(College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China)

Abstract; The batch sorption methods were employed to investigate the sorption behavior of tetracycline (TC) on the activated sludge.
It was shown that the mixed liquor suspended solids ( MLSS) and the initial concentration of TC had great impacts on equilibrium time,
adsorption capacity and adsorption rate. Compared with pseudo first-order model, pseudo second-order model showed the better
agreement. At 10, 25°C , the Langmuir model was the best isotherm to describe the experimental data for adsorption of TC on activated
sludge, and the maximum adsorption capacities were 31. 14, 70.95 mg-g ™" respectively; at 40°C , the linear isotherm confirmed the
agreement. The data were also modeled by D-R isotherm to determine the type of adsorption. At 10°C ( E was 9. 13 kJ-mol "), the
dominant type was physical, and at 40°C ( E was 7. 07 kJ-mol ™' ) , the dominant type was chemical. With the temperature increasing,
the adsorption capacity increased. lon exchange is one mechanism for adsorption of TC on activated sludge. When the initial
concentrations of TC were 5, 10, 20 mg-L~", with the Na* concentration increasing from 0 mol-L ™" to 0. 1 mol-L™", the adsorption
capacities decreased by 15.32% , 15.00% , 20. 12% respectively. The maximum adsorption capacity was got at pH 6 when pH varied
from 5 to 10.

Key words : tetracycline (TC) ; activated sludge; adsorption; adsorption capacity ; mean sorption energy
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Fig. 1 Structure of tetracycline (TC)
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Fig. 2 Adsorption equilibrium time of TC onto activated sludge
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Fig. 3 Pseudo first-order kinetic model for adsorption of TC onto activated sludge
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Table 1  Pseudo first-order and Pseudo second-order adsorption rate constants of TC onto activated sludge
WSS T B E B G B
/mg-L~" co/mg-L.7! q./mg-g”! K;/h~! R? K,/g-(mg-h) ~! q,/mg-g”! R? h/mg-h~!
400 5 5.56 0.324 0.966 0.159 10.42 1.0000 17.264
400 10 16.57 0.336 0.900 0.049 18.83 0.9997 17.374
1400 5 0.29 0.111 0.845 2.887 3.08 1.0000 27.387
1400 50 26.81 0.202 0.990 0.021 33.05 0.999 6 22.938
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Fig. 4 Pseudo second-order kinetic model for adsorption of TC onto activated sludge
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Table 2 Parameters of the Langmuir, Freundlich and Henry adsorption models

1 Langmuir iy Henry 7
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Fig. 5 Adsorption isotherms of TC onto activated sludge



160 % B

B 2 33 %

2.3.2 D-R BB
W RRFES A 1T DL FH D-R AR 7t s W o g 25
A (PR A2 L) AT

Ing, = Ing, - By - & (1)
e = RTln(l +L) (2)
ce
1
E=—— (3)
V2B,

K, q, AW (mg-g™" ), q, EFRISHMZE
%(mg'gq) , B, %%Wﬁ%%ﬁﬁ(molz .sz) L€
polanyi #HE, T 24 XHREE (K) , R &SR
B, 290 8.314 J- (mol-K) ™', e, S VAR 114 -4 vk i
(mol-L™") ,E JE XM HIEE (J-mol 7).

IR ILIE 6 K 3. i BE <8 kJ-mol
B, & A B B, S X W B BB =8 kJ-mol ' B,
RAACEW T 3 3 T LUE Y, 10°C B, {2k
WM B R; 25C i, T OE [H T 8
kJ-mol ™" XfE LA W B 2 Y 5 40°C B, Wy BRI i o
TSI B RAE T LA B R T R A R T
TPV R XS TC MR .

6
o 10°C
o 25°C
51 A 40°C
= Joc
25°C
41 e 40°C
ERL
b I =
1
0 1 1 l 1 1
50 150 250 350 450 550 650

£/MIEmol?

6 T [EIRETH D-RFRZ

Fig. 6 D-R isotherms of TC onto activated sludge
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Table 3 Parameters of the D-R model
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A

/C qn/ B/ E R
mg-g ! mol? -] ~2 /kJ-mol ~!

10 46.73 6E-9 9.13 0.9228

25 154. 49 8E-9 7.91 0. 988

40 864.97 1E-8 7.07 0.9829
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Fig.7 Effect of ionic strength on adsorption of TC onto activated sludge
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