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Removal of heavy metals from polluted aqueous systems (industrial and waste waters) may
be accomplished by complexing and sequestering them into inert matrices. A suitable matrix
can be cement mortars, owing to the fact that they have the capability of immobilise and sta-
bilise the complexes, reducing heavy metal leaching. The complexing ligand has to be pro-
perly chosen so that it presents high affinity for the metal and a good performance of the
formed complex in the largely alkaline medium of the cement mortar. Our research interest is
focused on chitosans and its derivatives as a model ligand that fulfills both demands. The
complexing ability of unmodified chitosans for several target heavy metals has been checked
in acetated buffer (pH = 4) [1]. In this contribution we will take advantage of the fact that some
etherified chitosans are soluble in alkaline pH mimicking the cement mortar conditions. Re-
tention of Zn and Pb in alkaline media by the etherified chitosans will be related to the heavy
metal concentrations found in the leaching coming from polymer modified mortars.
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INTRODUCTION
Immokilization of heavy metals by cement has been regorted to be
effective for some metals and some wastes. Given that cement alone is
not always useful, the development of new and cheaper stabilizing
agents is of great interest [1]. However, zome heavy metals have besn
shown io be detrimental for some fresh-state cement properiies. For
example, Pk and Zn compounds cause a retardation of the setting
process of the cement owing to their inferaction with calcium silicate
hydrates {C5H) and calcium sulfoaluminate hydrates, such az etiringite
and monosulfate [2]. Peolymer molecules like chitosan and iis
derivatives have shown ability to complex different heavy metals. The
use of such polymeric additives in cement-based materials would be
interesting in order to improve the solidiication/stakilization (3/3) of the
heavy metals as well as to minimize or even overcome the drawbacks
of the contaminants on the rheological properiies of the cement
mafrices.

An in-depth knowledge of the way of interaction between heavy metals
and chitosan derivative (CD) polymers out of and within the cement
matrix would be useful to assess the effectiveness of these polymers
improving the 3/S processes of heavy metals in cement-based
systems.

Thiz work is aimed to study the complexing capability of heavy metals
by a chitosan derivative at an alkaline medium and, sventually, to
elucidate whether the addition of this polymer improves the S/5 of
V1) and PR{ll} in cement mortars dodging the negative effects on the
properties of the fresh cement mixtures.

MATERIALS AND METHODS

An crdinary Poriland Cement CEM 1l 325 N was used as binding
material. The aggregate was of siliceous nature, standardized and
supplied by Eduardo Torroja Instifute. The selected binder. aggregate
ratio (B:Ag) was 1.3, by volume. Water was added in a ratio of 0.55
watericement. Consistency, through the flow table iest water-
retention capacity and setting time were determined.

RESULTS AND DISCUSSION
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Figure 1 shows no complexation between CD and the heavy metals
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Some modifications in the fresh state mixtures were found when heavy
metals were added to the cement mortar. The addition of lead gave rise
to an cutztanding delay in the seiting time compared with the control
mizrtar, while chromium shoriened t. The water retention capacity of the
samples was hardly modified.

The incorporation of a CD tumed out to be effective in reducing the
fluidity and in shorening the seiting time (Fig. 2). Regarding the
behavicur of theze polymer modified mortars when lead and chromium
were alzo added, the polymer lessens the effect of these metals on the
setting ime by shortening the sstting time of samples with lead and
increasing the setiing time of sampies with chromium. In addition, the
fluidity of the fresh mixiures was alzo well-balanced.
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Figure 2. Fresh stale properfies of cement moriars with or without Pb
ar Crand CO
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Figure 2 shows the particle size distribution (P30 in soluticn of cement with
different amounts of CD. The fiocculant effect of the CD addition can be
obzerved fthrough the growing quantity of large agglomeratez ranging
between 250 and 450 mm as function of the polymer dosage. However, the
addition of both lead and chromium resufted in & “plasticizing” acfion,
reducing the amount of large agglemerates of cement paricles, as can be
obzerved exemplified in Figure 32b {in the case of Pb).
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Figure 3. Farticls size distribufion of the cement solutions with

increasing dosages of CD (0% for control sampis): a} in the absence

of heavy mefal: b) confaining Pb
Zeta potential measurements give an impression of the net-surface charge
for cement particles in cement suspengiong. Results in Fig. 4 show that the
presence of the polymer, which, at such alkaline pH, would be a negatively
charged polyslectrolyie owing to its functional groups, shifiz the potential
zeta valuss iowards more negative figures. This fact may suggest that the
polymer interacts with cement particles, giving rise to an adsorption on the
surface of the particles (some of them with a positive double layer) [2]. The
molecules of the polymer could then link different cement pariicles,
producing a thickening effect, as proved by the slump results and PSD.
However, when negative ions are added (chromate, Cr0.%), they can
compete with polymer molecules for the binding sites on the surface of the
cement particles, leading to an increase of “free” polymer molecules. These
“free” polymer molecules do not cause agglomeration of the cement
parficles, as can be observed in results of the slump and PSD.
Mevertheless, since some CrOy® ions may be adsorbed on the cement
particles, zeta potential wvalues should be kept negative, as Figure 4
confirms: when 0% of polymer was incorporated, zeta potential turned out to
be negative as a result of, probably, the adsorption of chromate iong on the
cement particles. Megaftive values of the z=ta potential similar o thoss of the
metal-fres samples were obtained when polymer was added.
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Figure 4. Zeta potential measurements of cement particies in the
presence of increasing CD concentrafions.
CONCLUSIONS
Dizadvantages arising from loading cement-based morars with heavy metals
are minimized by adding a chitosan derivative. In fact, the addition of the CD
balances out the drawbacks of the metal presence: several improvements
were obhserved with respect to setting time and fluidity of the fresh mixtures
{slump values). This positive performance is accompanied by a negligible
increase in leaching measurements in the caze of lead, whereas a zignificant
increase was cheerved in the case chromium.
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