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Abstract

Wine processing waste sludge (WPWS) has been shown to be an effective sorbent for sorption of
some heavy metals (i.e., lead, chromium), but the sorption mechanism of heavy metal by WPWS is
remained obscured. The objective of this study was to explore the sorption mechanism of WPWS for
heavy metals using nickel (Ni) as sorbates. The WPWS has been characterized with wet chemistry,
infrared (IR), scanning electron microscopy (SEM), >C magic angle nuclear magnetic resonance (°C
NMR), and energy dispersive spectroscopic (EDS) of chemical analyses. The sludge contained high
organic carbon (40.5%), nitrogen (23.4%) and cation-exchange capacity (CEC, 1218 cmolc kg'). The
SEM investigation showed the rough surface for WPWS. From IR analysis of WPWS revealed that
R-NH, and R-COOH were the major functional groups. The proportion of organic functional groups
in WPWS quantified by *C NMR analysis was in the order: alkyl-C > carboxyl-C > N-alkyl-C >
aromatic-C > O-alkyl-C > acetal-C > phenolic-C. The parameters affecting on the sorption of Ni were
pH, the initial concentration of Ni, particle size of WPWS and reaction temperature. The determined
point of zero charge of WPWS was about 6.0. The WPWS sorption isotherms of Ni are only well
described by the Langmuir sorption isotherm. A pseudo-second-order sorption kinetic model describes
successfully the kinetics of sorption of Ni onto WPWS at different operation parameters (i.e., pH,
initial Ni concentration, and particle size). Under the steady-state reaction conditions, the Gibb free
energy (AG®) ranges from —18.969 to —23.616 kJ mol”, and the AH° and AS°® are 3.366 kJ mol" and
6.056 J mol™ K'', respectively, indicating that higher temperature favors spontaneous reaction for Ni
sorption by WPWS. According to the thermodynamic sorption parameters under steady-state
conditions, this sorption is a spontaneous and endothermic reaction. The sorption mechanisms include
physical adsorption. Amino and carboxyl groups are the prominent functional groups interacting with
Ni. The sorption capacity is influenced by parameters such as pH, initial Ni concentration, temperature,
and particle size of WPWS. The diffusion of Ni inner WPWS particle increased with the rise of
temperatures and initial concentrations, but increased with decreasing in particle sizes of WPWS.
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A5 ST (2006)

# 1 hitspittE Langmuir SRR (Quand k) ~ FHBIGRE (7) MBIEHE

Temp Cm Ky KL R? AG” AH? AS°
(C) (pmol g") (L mol™) (Lgh (kJ mol™) (Kmol")  (Imol'K)
10 52.15 3197.389 0.054470 0.990 “18.969
20 53.79 3647.912 0.062145 0.992 -19.960
30 54.45 4716.545 0.080350 0.993 -21.288 3.366 6.056
40 60.21 5389.893 0.091821 0.983 22337
50 66.55 6653.293 0.113344 0.998 23.616

% 2 MRS ELEA IR ~ A FIBEE R S PERIFE T > BELBRREH T 15 & PR e AU AR R

Temp id Conc. kig Particle size kig
(©) (mg g min™) (mg L") (mg g min™) (mesh) (mg g min")
10 0.598 30 0.873 50-100 0.615
30 0.709 45 0.984 100-140 1.304
50 1.354 60 1.243 140-200 1.480
75 1.527 <200 1.585
90 1.624
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Transmittance
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S F(2006)
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