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Particle Concentration Effect on Zn(II) Adsorption at
Water-Goethite Interfaces

XU Cong LI Wei PAN Gang"
(State Key Laboratory of Environmental Aquatic Chemistry, Research center for Eco-Environmental Sciences,
Chinese Academy of Sciences, Beijing 100085, P. R. China)

Abstract: The adsorption and desorption behaviors of Zn(II) on water-goethite interfaces under various particle
concentrations (C,) and temperatures were studied using traditional batch experiments. The Zn(II)/a-FeOOH adsorption
system exhibited a significant particle concentration effect, in other words adsorption isotherms decreased as C,
increased. The adsorption also became less reversible because as the C, increased which was demonstrated by the
hysteresis angle (6) and thermodynamic index of irreversibility (TII) as derived from adsorption and desorption isotherms.
This agrees with the explanation of the particle concentration effect as postulated in metastable-equilibrium adsorption
(MEA) theory. Furthermore, the particle concentration effect became more obvious at lower temperatures. Adsorption
of Zn(II) on goethite surfaces was found to increase greatly with the increase of temperature and the adsorption became
more reversible. These results further confirmed that the C, effect is the result of changes in adsorption reversibility.
The study also showed that the adsorption was a simultaneous (positive AS value of 195.71 J-mol™-K™) and endothermic
(positive AH value of 34.07 kJ-mol™") chemisorption process.
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Fig.1 XRD pattern of the synthesized a-FeOOH
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&1 Zn(Il)/a-FeOOH HIWR Ff-fRIR &R Lk Freundlich 2SS H R RMH G
Talble 1 Results of Zn(II)/a-FeOOH isotherms and indices of reversibility

Adsorption

Desorption

T/C C/(mg-* LY - - 0/(°) TII Kroo/ Kean'
Ki/(mmol-g™) B R? K¢/(mmol-g™) B R?

100 0.72 0.51 0.99
400 0.54 0.59 0.98 0.12 0.06 0.93 40.8 0.93 2.67
800 0.27 0.49 0.96

25 100 1.19 0.44 0.99 0.57 0.18 0.99 11.5 0.54

25 400 0.95 0.50 0.96 0.41 0.18 0.93 23.5 0.61 1.53¢

25 800 0.78 0.50 0.98 0.24 0.08 0.88 42.1 0.82

45 400 2.05 0.62 0.98 0.96 0.32 0.98 6.0 0.30

a) Krip and Kryy are the Freundlich constants fitted from adsorption isotherms under different solid concentrations of 100 and 800 mg-L™",
respectively. b) Ko/ Kexo at 5 C, ©) Koo/ Kean at 25 C
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Fig.5 Zn(II)/a-FeOOH adsorption and desorption isotherms under different solid concentrations
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Table 2 Thermodynamic parameters of Zn(II)/a-FeOOH adsorption at different temperatures

T/C R? In(K/(L+g™) KI(L-g™ AG/(kJ-mol™)  AH/(kJ-mol™) AS/(J-mol™-K™)
5 0.98 8.77+0.11 6.42x10° -20.06+0.25
25 0.98 9.85+0.05 1.89x10* —24.40+0.12 34.07+0.35 195.71+1.27
45 0.99 10.62+0.07 4.08x10* -28.07+0.18




1742

Acta Phys. -Chim. Sin., 2009

Vol.25

PRZR AR AR BERU, AR AT Zn(ny/
a-FeOOH 14 2 H SR 2 TR ) AN m] 53 B4 %, (EL T
L [ A e JRE 280 0% 9l 583 P AL 5 g R AT 390 44K 3%
HRAS 7 A T e 2 2500 e D PR ) g, B T A e
JEEE LA (25 A ) B A W B i .

3 & it

Zn(I) 7 a-FeOOH I 114 W [ A7 7 [ {4 Tk 2
N7, RV I [ 5 T 28 il [ AR e 1) - v T A AER, R o
A0 T o ) R T DRSS, X A B MEA #
VXTI A 25007 ™ £ AL ) fie .

Zn(11)/a-FeOOH 4 2 7EAR I T 1 [ {4 ok 2
I HTE iR T B 3. Zn(I)1E a-FeOOH 2 fi |
FA) W S P 38 ek 1% o T 3 R 35k DA S T B
[T W P 200 1 7 A A2 o T T A e 5 ke A T R A
AT 3

SIS VRIS T Zn(11)/a-FeOOH 14 2 fit W8 [ 4
F12E8E, Zn(QDFEEH g R & AR e A &
JR S A 2 R R S

References
1 Wu, X. F; Hu, Y. L.; Zhao, F.; Huang, Z. Z.; Lei, D. J. Environ.
Sci., 2006, 18(6): 1167
2 Meszaros, R.; Nagy, M.; Varga, 1; Laszlo, K. Langmuir, 1999, 15:
1307
3 Di Toro, D. M.; Mahony, J. D.; Kirchgraber, P. R.; O'Byme, A. L.;
Pasquale, L. R.; Piccirilli, D. C. Environ. Sci. Technol., 1986, 20
(1): 55
4 MacKinley, J. P.; Jenne, E. A. Environ. Sci. Technol., 1991, 25
(12): 2082
Bowman, B. T.; Sans, W. W. J. Environ. Qual., 1985, 14(2): 265
Turner, A.; Rawling, M. C. Water Res., 2002, 36(8): 2011
Pan, G.; Liss, P. S. J. Colloid Interface Sci., 1998, 201: 71
Pan, G.; Liss, P. S. J. Colloid Interface Sci., 1998, 201: 77
Pan, G.; Qin, Y. W.; Li, X. L.; Hu, T. D.; Xie, Y. N. J. Colloid
Interface Sci., 2004, 271: 28
10 Li, X. L.; Pan, G.; Qin, Y. W.; Hu, T. D.; Wu, Z. Y; Xie, Y. N.
J. Colloid Interface Sci., 2004, 271: 35
11 Shirvani, M.; Kalbasi, M.; Shariatmadari, H.; Nourbakhsh, F.;
Najafi, B. Chemosphere, 2006, 65(11): 2178
12 Wang, G. H.; Kleineidam, S.; Grathwohl, P. Environ. Sci. Technol.,
2007, 41(4): 1186
13 Mustafa, G.; Kookana, R. S.; Singh, B. Chemosphere, 2004, 57:

O 0 1 O »n

14

15

16

17

18

19
20

21

22

23

24

25

26

27

28

29

30

31

1325

Michael, J. A.; Bruce, B. J.; John, D. W. J. Colloid Interface Sci.,
1998, 204: 93

Pan, G.; Liss, P. S.; Krom, M. D. Colloids Surf. A- Physicochem.
Eng. Aspects, 1999, 151: 127

Yang, Y. H.; Chen, H.; Pan, G. Journal of Environmental Sciences-
China, 2007, 19(12): 1442

Chen, X.; Wu, W.; Shi, J.; Xu, X.; Wang, H.; Chen, Y. Colloids
and Surfaces B: Biointerfaces, 2007, 54(1): 46

Glover 11, L. J.; Eick, M. J.; Brady, P. V. J. Soil Sci. Soc. Am.,
2002, 66: 797

Nriagu, J. O.; Pacyna, J. M. Nature, 1988, 333: 134

Nachtegaal, M.; Sparks, D. L. J. Colloid Interface Sci., 2004, 276:
1323

Nowack, B.; Kari F. G.; Kruger H. G. J. Water Air Soil Pollut,
2001, 125: 243

Schwertmann, U.; Cornell, R. M. Iron oxides in the laboratory:
preparation and characterization. New York: VCH Publishers Inc.;
Weinhem, Germany: VCH Verlagsgesellschaft MBH. 1991: XIV,
137

Sposito G.. The surface Chemistry of Soils. New York: Oxford
University Press, 1984: 234

Parks, G. A. Surface energy and adsorption at mineral/water
interfaces: An introduction. In: Hochella Jr., M. F.; White, A. F.
Eds. Mineral-water interface geochemistry: reviews in mineralogy.
Washington, DC: Mineralogical Society of America, 1990: 133—
175

Di Toro, D. M.; Horzempa, L. Environ. Sci. Technol., 1982, 16:
594

Sander, M.; Lu, Y. F.; Pignatello, J. J. J. Environ. Quality, 2005,
34(3): 1063

Li, W.; Pan, G.; Chen, H.; Zhang, M. Y.; He, G. Z.; Li, J.; Yang, Y.
H. Acta Phys. -Chim. Sin., 2007, 23(6): 807 [ %1% X,
e WL sRSE—, TR, A, BETR. B LA, 2007,
23(6): 807]

Agrawal, A.; Sahu, K. K. Journal of Hazardous Materials B, 2006,
137: 915

Khan, A. A.; Singh, R. P. Colloids Surf. A- Physicochem. Eng.
Aspects, 1987, 24: 33

Trivedi, P.; Axe, L.; Tyson, T. A. J. Colloid Interface Sci., 2001,
244: 230

Zhu, M. Q.; Pan, G.; Liu, T.; Li, X. L.; Yang, Y. H.; Li, W.; Li, J.;
Hu, T.D.; Wu, Z. Y; Xie, Y. N. Acta Phys. -Chim. Sin., 2005, 21
(12): 1378 [R5, W 90, % W%, SRR, BHER, & Ik
O IR RAE, YT YA, 2005, 21(12):
1378]



