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Abstract

The application of treatment technologies in active containment systems provides a more advanced and
effective method for the remediation of contaminated sites. These treatment technologies can be
applied in permeable reactive walls and/or reactive gate systems. The application of modified pillared
clays in active containment systems provides a mechanism for producing permeable reactive walls with
versatile properties. These pillared clays are suitably modified to incorporate reactive intercalatants
capable of reacting with both a broad range of organic pollutants of varying molecular size, polarity and
reactivity. Heavy metals can be removed from contaminated water by conventional ion-exchange and
other reactive processes within the clay structure. Complex contamination problems can be addressed
by the application of more than one modified clay on a site-specific basis. This paper briefly describes
the active containment system and the structure/chemistry of the modified pillared clay technology,
illustrating potential applications of the in-situ treatment process for contaminated site remediation.

Introduction

The application of Active Containment utilising permeable treatment walls provides a means for treating
mobile pollutants without the need to physically contain groundwater emanating from a contaminated
site. The In-situ treatment technology described in this paper incorporates the use of modified pillared
clays designed for application in permeable reactive walls and/or reactive gate systems. Pillared clays
are expanded smectite clays with a fixed interlamellar spacing. The clay layers are held apart by
reactive polymer compounds which act as molecular props or pillars. The pillared clay structure and
chemistry is described in the following Technology Overview section and the Active Containment
approach is illustrated in the Application section.

Technology Overview

The treatment technology is essentially an advanced immobilisation (chemical fixation) process targeted
at soils contaminated with both organic and inorganic/heavy metal waste materials. The process is
based on the use of modified pillared smectite clays which incorporate reactive species. Once
intercalated, the reactive properties of the clay and the presence of reactive species will ensure that the
waste contaminant is effectively immobilised within the substrate material. The pillaring effect facilitates
the passage of contaminated water through the clay bringing the pollutants into direct contact with
intercalated reactive species and enables the reactive clays to be used in permeable reactive walls.
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The prime objectives of intercalation are:-
1. To create adequate interlamellar spacing to accommodate larger molecules (e.g. PCB’s

and PAH’s) and to increase the effective surface areas and potential reactivity by the introduction of
selected pillaring agents.



2. To create an organophilic environment of varying polarity to attract organics into the
interlamellar spaces by absorption/adsorption.

o To provide a reactive environment in which the organic substrates can be permanently
bonded to the clay surface and pillaring agents.

4. To provide an active medium for effective treatment of heavy metals both cationic and
anionic (e.g. CrO,) by interaction with the intercalated species and/or by cation exchange processes .

By selective use of available smectite clays and intercalation of appropriate quaternary ammonium ions
in conjunction with other relatively low cost pillaring agents and reactants (principally Fe/Al compounds),
it is possible to produce highly efficient and multifunctional treatment media which can be applied on a
cost effective basis.

Envirotreat have developed a range of modified organoclays and inorgano-organoclays which address
the stated objectives of intercalation. A diagrammatic representation of the generic modified clay is as
shown in Figure 1.
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Clay pillared by Hydroxy Aluminium species - typical spacing ‘18-20A
M represents transition metals; N(R,) represents quaternary ammonium ions.

The potential reactivity of modified clays with organic compounds can be classified as a combination of
hydrophobic association, Lewis acid/base bonding (e.g. Al - Cl), transition metal ligand bonding and
hydrogen bonding etc. Once intercalated and bonded to the modified clay, the organic molecules have
the potential for further reactivity with other organics/inorganics forming polymeric structures. This
reactivity is enhanced by the confined environment within the pillared clay structure which brings the
molecules in close proximity to each other in similar fashion to catalysis techniques using zeolites etc.

A range of modified clays of varying hydrophobicity and chemical composition have been developed
which are designed to address the issues of hazardous waste treatment and contaminated land
remediation (which can require the treatment of a complex range of organic pollutants in addition to
heavy metals etc). Batch absorption tests have been carried out with representative organic chemicals
viz. 50ml samples of the target organic pollutant were added to a 50mg sample of clay in each case;
the samples were then sealed and placed on a motor driven carousel for 48 hours; the clay was then
removed by centrifugation and the residual organic concentration was determined by UV/Visible
Spectrophotometry. The results obtained with Benzene (a neutral planar molecule with no substituted
reactive groups) are as shown in Table 1.



Table 1 - Absorption of Benzene with Modified Clays

Clay Used Equilibrium Amount Equilibrium Amount

concentration | absorbed | concentration absorbed
(ppm) (ppm) (mmols/mL) (mmols/g)

1 250 1410 3.21x 1079 18.1

2 290 1370 3.72x 109 17.6

3 580 1080 7.44x 1079 13.8

4 200 1460 2.56x 1079 18.7

5 290 1370 3.72x 102 17.6

6 650 1010 8.33x 102 12.9

7 250 1410 3.21x 102 18.1

Initial Benzene concentration 1660 ppm

Whilst all clay variants showed a level of reactivity, certain clays were found to be more reactive due to
their inherent composition and structure (the most reactive clay was found to be a transition metal
aluminium pillared organoclay). This pattern has been demonstrated with other representative organic
species. Where there are complex organic contamination problems, the objective would be to use
more than one clay formulation as deemed appropriate.

Conventional smectite clays exhibit cation exchange properties in similar fashion to zeolites which can
be utilised in the treatment of cationic species/toxic heavy metals under controlled conditions. They are
not however suitable for the treatment of problematic anionic and anionic complexed species, in
particular Chromates/Dichromates, Arsenates and Ferri/Ferrocyanides efc.

Modified pillared clays have been shown to be effective in absorbing anionic species. Laboratory
demonstration trials have been carried out on Hexavalent Chromium solutions. Straight-line absorption
graphs were obtained using a modified aluminium pillared clay as shown in Figure 2. This clay

formulation provided a reactive media for both cationic Cr’" and anionic CrOf/CrzO?2
Figure 2. Absorption Isotherm for Hexavalent Chromium.
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Application of Modified Pillared Clays in Active Containment Systems (Treatment Walls)

Modified pillared clays can be applied in active containment technologies. The pillaring effect facilitates
passage of polluted groundwater through the clay structure wherein the pollutants can be removed by
interaction with the intercalated reactive species. The modified clays have the capability to treat both
organic and inorganic pollutants.

Permeable Treatment Walls can be constructed in-situ using auger drilling techniques. Other in-situ

application methods are available or under development; WCI Umwelttechnik GmbH have developed a
patented Permeable Treatment Bed where the treatment materials are contained within a prefabricated

double wall .

The treatment wall can either completely surround the contaminated site or form part of a combined
physical and active containment system (depending on site specific remediation requirements and
hydrogeology etc). This in-situ treatment process provides a cost effective and practical solution to
remediation of sites with complex contamination problems.

The Active Containment System can be applied as described below:

1. As a permeable treatment wall surrounding the periphery of the site (Figure 3).

2. As a treatment wall combined with a conventional physical containment approach. This approach
provides a safeguard should the external containment wall fail (Figure 4).

3. In a reactive gate approach using pillared clays in bulk form (Figure 5).

4. In combination with "hot-spot" treatment (Figure 6 illustrates treatment wall with "hot-spot”
treatment).

The approach adopted will depend to a large extent on the site hydrogeology and logistical
considerations and will vary from site to site.

Figure 3. Permeable treatment wall
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Figure 4. Treatment wall combined with containment.
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Figure 5. Reactive Gate
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Commercial Application of Active Containment Technology

The active containment technology approach has been applied commercially in the United Kingdom.
The technology was used to treat a contaminated site in West Drayton (near London) where the
contamination was predominantly organic in nature (BTEX and TPH). The rationale was to treat the
identified contamination zones by use of in-situ mixing and injection techniques and to construct a
combined physical and active containment barrier. The contaminated zones were treated by an
advanced immobilisation / stabilisation process using a combination of cementitious materials and
modified clays; the passive and the active walls were constructed using deep soil mixing techniques;
conventional bentonite was used for the passive wall and modified pillared clays were used for the
active wall as shown in Figure 1. The site was treated as illustrated in Figure 7 below. The modified
pillared clays in the active wall were found to be very effective and reduced the TPH levels in
groundwater from 3,680 g/L to 70 g/L..

Figure 7. Combination of Active / Passive Walls with Hot-Spot Treatment.
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Conclusions

The Active Containment System incorporating modified pillared clays is an advanced immobilisation
technology which can be applied for use in permeable treatment walls. The treatment technology can
address a broad range of contamination problems and can be applied using conventional civil
engineering plant and equipment.

References:

1 Burmeier H : "Permeable Treatment Beds", Paper presented at NATO/CCMS Pilot Study Meeting
on Evaluation of Demonstrated and Emerging Technologies for the Treatment and Clean-up of
Contaminated Land and Groundwater (Phase 1) held in Adelaide, South Australia, February

1996.



