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Effect of glutamic acid on copper sorption onto kaolinite – Batch experiments and 
surface complexation modeling 
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In this work, we study the mobility behavior of Cu(II) 
under conditions related to an alternative, neutrophile 
biohydrometallurgical Cu(II) leaching approach. 
Sorption of copper onto kaolinite influenced by glu-
tamic acid (Glu) was investigated in the presence of 
0.01 M NaClO4 by means of binary and ternary batch 
adsorption measurements over a pH range of 4 to 9 
and surface complexation modeling. 

EXPERIMENTAL. Sorption experiments were performed 
in continuously stirred glass beakers containing 500 mL dis-
tilled water and 0.01 M NaClO4 as the background electro-
lyte. Solutions were titrated first to an acidic initial pH (~ 4) 
using trace metal grade HNO3. Next, 500 mg kaolinite was 
added to the well-stirred solution. The suspension was pre-
equilibrated for 24 hours. The binary sorption systems con-
taining kaolinite and 0.1 mM Glu or 0.1 mM Cu(II) and the 
ternary sorption system containing kaolinite and a equimolar 
ratio of Cu(II) and Glu were obtained by adding the respec-
tive solutions. The pH of the suspensions was adjusted to 
the pH range from 4 – 9 by addition of 0.1 mM NaOH and 
left to equilibrate for 30 min. After stabilization of the pH, a 
10 mL aliquot of the suspension was pipetted into a 12 mL 
plastic vial, agitated with a shaker (ROTATHERM) for 24 
hours. After this time, the pH of the suspension was meas-
ured again, and samples were filtered through 0.2 µm cellu-
lous acetate syringe filters (Sartorius Stedim Biotech 
GmbH, Germany). All samples were analyzed for Cu(II) 
and Glu. For surface complexation reactions, the CD-
MUSIC model introduced by Hiemstra with using the geo-
chemical speciation code PHREEQC (version 3) was used 
to describe the sorption of Cu(II) and/or Glu on the surface 
of the kaolinite mineral.[1, 2] One type of surface hydroxyl 
groups (≡SOH) was chosen as sorption edge sites with for-
mation of monodentate Cu(II) complexes on variable charge 
surface sites. 
 
RESULTS. Copper sorption in the absence of Glu was de-
pendent on pH and initial copper concentration. In contrast, 
sorption of Glu was weak (~ 5 %) and independent of pH 
(Fig. 1). In Fig. 1b, the adsorption behavior of Cu on kaolin-
ite in the absence of Glu is compared to that of the ternary 
sorption system (presence of Glu). Adsorption edge data 
show that Glu significantly affect the Cu(II) adsorption. 
Above pH 5 and in the presence of Glu, the uptake of Cu(II) 
is inhibited relative to the single-sorbat system. Glu reduces 
the copper sorption onto kaolinite at alkaline pH and there-
with enhances copper mobility in the presence of kaolinite 
due to the formation of Cu(II)-ligand complexes in solution. 
However, under acidic pH Glu slightly decreased copper 
mobility. This can be interpreted as sorption of Cu-
glutamate complexes on the sorption surface edge sites of 
kaolinite.[3] The presence of Cu(II) slightly increased the ad-
sorption of Glu by kaolinite (Fig. 1a). This can be explained 
by the formation of a ternary complex where the positively 
charged cupric ion serves as a bridge between the negatively 
charged kaolinite surface and the Glu molecule.[4] 
The application of the CD-MUSIC model successfully de-
scribes the experimental data. The low affinity of glutamate, 
as well as the weak influence of cupric ions on glutamate 
adsorption to kaolinite surfaces, is well presented in the re-

sults of modeling (Fig. 1a). Furthermore, modeling of the 
Cu(II) adsorption edge data using the surface complexation 
reactions provides a close fit to the experimental data 
(Fig. 1b) and predicted the effect of Glu on metal adsorp-
tion. 
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Fig. 1: Results of measured (points) and modelled (lines) glutamic acid 
adsorption (a) and Cu(II) adsorption (b) on kaolinite.  


