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Abstract The adsorptlon of Pb2+, Cd2+, Cu2+, Zn2+ and Al3+ onto peat has been studled
using a system of - standardised batch adsorbers under equilibrium and transient rate condmons v
Models based on the assumption of a single external mass transfer resistance to adsorption have
been developcd to attempt to predict the concentration decay curves obtained experimentally, for
several variable system parameters, under transient batch conditions. In this instance the single

‘resistance is taken as that of film diffusion of the sorbate through the liquid film surrounding the

sorbent particle. Two methods of determining the external mass transfer coefficient have been used,
one based on the Weber model and the other on the Furusawa-Smith model. Equilibrium data
have been analysed and shown to conform to a linear Langmuir plot. The decay curves predicted by
the models represented the experlmental data very well, particularly at hlgh sorbent masses. Under
these conditions film diffusion appears to be the rate controlling step in the adsorption of metal ions
by the peat. At low sorbent loadings, however, the influence of internal mass transfer is evident.




e, T

pre
RN A,

Sy A
37 Sigan

e

da ey A Yt
Mot 35

2 G, S

RS

A= (2g910042)

PERGAMON

www.elsevier.com/locate/watres

PII: S0043-1354(01)00049-5

Wat. Res. Vol. 35, No. 14, pp. 3345-3356, 2001
© 2001 Elsevier Science Ltd. All rights reserved
Printed in Great Britain

0043-1354/01/$ - see front matter

FILM-PORE DIFFUSION MODELING FOR THE SORPTION
OF METAL IONS FROM AQUEOUS EFFLUENTS ONTO PEAT

B. CHEN, C. W. HUI and G. MCKAY*

Department of Chemical Engineering, The Hong Kong University of Science & Technology,
Clear Water Bay, Kowloon, Hong Kong, SAR, China

(First received 2 May 2000; accepted in revised form 24 January 2001)

Abstract—The sorption of three metal ions, namely, copper, nickel and lead onto sphagnum peat moss has
been studied using an agitated batch sorber system. The equilibrium isotherms were determined and
kinetic runs were performed over a range of concentrations for each metal jon. A film-pore diffusion mass
transfer model has been developed based on a single effective diffusion coefficient for each system. Error
analysis of the experimental #nd: theoretical data indicated relatively large errors at low initial metal ion
concentrations.  Therefore the model was modified to introduce a surface coverage concentration
dependent effective diffusivity ‘to” account -for a contribution from surface diffusion. © 2001 Elsevier

Science Ltd. All rights reserved

Key words—batch ads,orption,modeling, film-pore diffusion, metal ions, peat

NOMENCLATURE '
“a (- C;.)/Ch]'/z, ‘a simplifying term used in
equation (14) S
Bi Biot number -
C. concentration, mg/dm>
Cy capacity factor
D diffusivity or diameter, cm?/s or cm
In natural logarithm :
n Langmuir-Freundlich isotherm exponent
N mass transfer rate, mg/s .
q solid phase concentration, mg/g
94 ‘Dubinin-Radushkevich  isotherm  constant,
mmol/g
r particle radius as variable, cm
r statistical linear correlation coefficient
R particle radius (cm) or universal gas constant,
8.314J/mol K
S adsorbent weight, mg
Sh Sherwood Number
- ~time (s) or Toth isotherm exponent
T absolute temperature, K
14 volume of liquid phase, dm>
S ox (1~ ', a simplifying term used in equation
(14)
Xm Langmuir monolayer capacity, mmol/g
Subscripts
cale calculated
e equilibrium
eff cffective
L liquid
meas measured
p pore
S solid or surface
t time

*Author to whom all correspondence should be addressed.
Tel.: +852-2358-7130; fax: + 852-2358-0054; e-mail:
kemckayg@ust.hk

Greek letters

By external mass transfer coefficient, cm/s

0 differential of variable

£ porous ratio of adsorbént, dimensionless
n solid phase concentration, dimensionless
u tortuosity factor

Ps density of adsorbent particle, mg/cm®

T contact time, dimensionless

¢ liquid phase concentration, dimensionless
Abbreviation

SCM shrinking-core model

INTRODUCTION

It is now widely recognized that sorption processes

--provide—a—feasible techmique for the removal of

pollutants from wastewater (McKay, 1995). The
problems associated with metal ions discharged in
industrial effiuents are considerable due to toxic and
carcinogenic properties (Luckey and Venugopal,
1977, Goldstein, 1990; Freedman et al., 1990).
Furthermore, metal ion containing effluents aie
discharged from a wide range of industries, including
microelectronic, electroplating, battery manufacture,
dyestuffs, chemical, pharmaceutical, metallurgical
and many others (Tchobanoglous and Burton,
1991; Volesky and Holan, 1995).

The ability of peat to remove metal ions has been
well established (Coupal and Lalancette, 1976;
Viraraghavan, 1993; Ho et al., 1995). Considerable
information is available on saturation capacities of
peat for several metal ions based on equilibrium
studies (Gosset ez al., 1986; McKay and Porter, 1997;

3345
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