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To immobilize heavy metals and metalloids contained in some wastes, solidification / stabilization (S / S) 

process has been tested and used to reduce the leaching of contaminants before their disposal in the landfill. 

Cement is the most adaptable binder currently available for this immobilization. A growing number of works 

have dealt with this issue, mainly using ordinary Portland cement (OPC), some of its phases or OPC 

modified aluminum aluminate, calcium sulfate and / or additives. In this study we will immobilize two different 

arsenic salts (sodium arsenate heptahydrate (Na2HAsO4,7H2O) and Sodium arsenite (NaAsO2)), include in 

three different cement matrices: ordinary Portland cement (OPC), high alumina cement (HAC) and low 

alumina cement rich in iron oxide content (LAC). Currently it has been reported that CACs show potential 

advantages when used to encapsulate certain toxic and radioactive wastes, due to their high initial 

mechanical resistance, avoiding the chemical attack and preventing the abrasion. In previous research the 

capacity of the CAC inclusion for toxic metals was excellent, in this way, these mortars perfectly encapsulate 

the toxic metals, which makes the use of HAC and LAC suitable for waste management, as has been 

demonstrated in the leaching tests. The aim of this work is finding the best conditions to encapsulate the As 

trough different tests as the leaching test and isothermal calorimetry.  
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INTRODUCTION
Solidification/stabilization (S/S) is a process that involves the mixing of a waste with a binder in order to reduce the contaminant leachability and to convert the

hazardous waste into an environmentally acceptable waste form for land disposal or construction purposes [1]. Arsenic (As) is an abundant element in the

environment as a consequences of natural or human activities, including volcanic eruptions, contamination due to mining and smelting ores, and most widely at

present, its use in pesticides and drugs to treat animals as well as humans. Arsenic was the second most common contaminant of concern, after lead, occurring at

the Superfund sites in USA. Solidification/stabilization (S/S) was the most common treatment technology for soil and waste, used to treat arsenic in a total of 45 out

of 56 ongoing or completed Superfund projects [2]. In this study, three different cement matrices: Ordinary Portland Cement (OPC), Calcium Aluminate Cement with

high alumina content (HAC) and Calcium Aluminate Cement with high iron content (LAC) were used to solidify and stabilize two different arsenic salts (III and V).

OBJECTIVE

LEACHING TEST
The cylindrical specimens were subjected to the tank

test according to EA NEN 7375 standard, which consists

of placing in methacrylate containers and filled with 1

liter of neutral pH demineralized water in order to obtain

the leachate, over a period of 64 days. The As retention

percentage was evaluated. The results are shown in the

figure:

METHODS

CONCLUSION
1. The S/S treatment is adequate to treat As (III) and As (V), due to more than 99% of As was satisfactorily retained.

2. A direct relation between compressive strength and As (III) retention was proved. The highest stability of formed phases,

the lowest the As leachability.

3. OPC binder is the most appropriate system to encapsulate As V, while the use of LAC was disappointing because of its

high iron content has reacted to form basic ferric arseniate, a soluble chemical form under basic conditions, which cause

instability in matrix.

4. In short, the use of OPC binder fulfill both demands for an appropriate As S/S and mechanical properties whereas CAC

binders might be used for saving disposal of residues containing exclusively As (III).
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Sample preparation

•Mixing soluble salts with the bider (1 wt.% 
metal/binder).

Curing

•The curing condition was 20 °C and 95% RH  
over 28 days

Compresive probe

•The assay was assessed on a Proeti ETI 
26.0052 at a loading rate of 50 N s−1.

Semi-dynamic Tank-test

• Eluates were collected at eight times (0.25, 
1, 2.25, 4, 9, 16, 36 and 64 days) as detailed in 

the EA NEN 7375:2004

Determination  of As

• The quantification was carried out by 
electrothermal atomization absorption 

spectrometry

✓NaAsO2 (As III)

✓Na2HAsO4∙7H2O (As V)

Arsenic salts
Solidification/stabilization 

(S/S)

The lowest As leaching

Safe disposal

Determination of the optimal binder

RESULTS
COMPRESIVE STRENGTH
The characteristics of the monolithic structures were

studied, obtaining the following resistance to

compression:

HAC, High Alumina CAC

LAC, Low Alumina CAC

Ordinary Portland Cement

SETTING
In order to treat the potentially toxic

element, the Stabilization/Solidification

process in cement matrices was used, by

menas of the following materials:
OPC HAC LAC

%

Cement 38.0 30.0 37.5

Siliciuos Agregate 62.0 70.0 62.5

Arsenic salt 

(Na2HAsO4∙7H2O or 

NaAsO2)

1 (expressed in elemental arsenic 

with respect to cement)

Water

13(with 

respect to 

cement)

13(with 

respect to 

cement)

12(with 

respect to 

cement)
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