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Abstract

Environmental characterisation of foundry sludge (FS) and the stabilised/solidified (S/S) derived products has been performed according to
the leaching behaviour. Portland cement and lime have been used as binders and foundry sand fines, activated carbon and black carbon hav
been used as additives in the S/S processes. The results of the characterisation show that the behaviour of the waste in acid media is mainly
influenced by the inorganic components of the waste, while the organic matter only has an influence in the redox potential of the leachates.
Due to the complexity of the waste, a computer modelling of equilibrium (MINTEQ) has been used in order to compare the experimental
extractability with the simulated curves of the metallic species. The zinc content in the leachate is close related to the theoretical curves in
the waste and all S/S products, while the rest of the metals do not show a coherent behaviour with the hydroxides evolution. The results of
compliance testing allow to obtain the best S/S formulations using activated and black carbon as sorbents. The comparison between different
leaching procedures leads to equivalent results depending only on the pH.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the characteristics of the waste, thereby making its disposal
possible[5].
Management of industrial waste containing inorganic pol-  Immobilisation refers to processes retaining substances

lutants and organic matter is a very complex task. The rangeabsorbed or trapped within a solid matrix. Stabilisation refers
of industrial waste containing mixtures of pollutants is ex- to those techniques that reduce the hazardous behaviour of
tensive, and foundry sludge is an interesting example. Itis ana waste by means of chemical reactions and solidification
important waste from foundry activities, which is generated refers to techniques that generate a monolithic solid of high
after wet cleaning of gases. It is listed as hazardous wastestructural integrity (S/S}6,7].

in the European waste catalogue, identified with the code There is a wide range of sorbents and binders avail-
100213*[1]. Furthermore, in previous works, and taking able for stabilisation. Some of the most common sorbents
into account Spanish regulatiofia-4] the foundry sludge  and binders are: cement, pozzolans, lime, soluble silicates,
shows ecotoxicity, due to some organic pollutants such asmodified clays, modified lime, humic substances, activated
phenol, and inorganic elements such as lead, chromium andcarbon, thermosetting organic polymers and thermoplastic
cadmium as well as important amounts of zinc. materials[5].

Immobilisation processes are applied to handle the waste These S/S technologies are basically being applied to in-
before land disposal, due to the properties of the sludge.organic waste. However, in the case of hazardous organic
The aim of immobilisation is to minimise the rate of con- pollutants their management, from a technical and regulatory
taminant migration into the environment and/or to reduce point of view, may be quite different. Organic pollutants in
the pollutant toxicity level, in order to change or improve solid waste and aqueous waste with high a concentration of

organic compounds are usually recycled or incinergged.
- , However, at low organic pollutant levels, these technologies
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this case S/S provide a useful alternative due to the low costimportant variables of the WTC test are the conductivity
of maintenance and operati@®-24] Reagents used in S/S and the redox potential. The conductivity may be related to
processes for organic pollutants are usually based on differ-the mobility of ionic species and this has been considered
ent additives to the cement matfik7,18,20,21,24-27TThe by many authors, but the suitable range for safe disposal
best sorbent in the S/S of organic pollutants seems to be acti+emains operi32—-34] In many cases, the extractability of
vated carborf28]. It is, however, an expensive additive and, hazardous metals in the leachate is influenced by the redox
therefore, other residual additives like black carbon may be potential. In the case of metals such as chromium, with more
used. than one oxidation state, oxidated species such as Cr(VI) can
In this work, a study into the environmental behaviour originate from Cr(lll) when the conditions are appropriate
of foundry sludge and S/S derived products has been car-[35,36] The EN 12457 leaching test has been used to study
ried out. The electric arc furnace dust (EAFD) was used for the migration in water of organic pollutants because the main
comparison as it is a well known waste, but it has no signif- organic pollutants in the foundry sludge are totally soluble
icant organic matter in its composition. A synthetic waste in a water solutiorj15,23,37]
was used as reference, it having the same proportion of met- Many elements and species are involved in a heteroge-
als as foundry sludge. A comparison has been performed toneous waste, and the leaching process will cover a wide
establish the influence of organic matter on metal mobility. range of pH in the acid neutralisation capacity tests. Due
The S/S formulations have been prepared with lime and ce-to the complexity of waste the prediction of the content
ment as binders, and with foundry sand fines, activated car-of pollutants in the leachate is not an easy task. Computer
bon and black carbon as additives. Lime and cement havemodelling of equilibrium is one of the approaches to give a
been used as binders due to their low cost, easy handlingfirst insight into the pollutants’ extractability under different
a previous knowledge of them in the S/S process and, in conditions[38]. In this work, the experimental behaviour of
the case of cement, the ability to obtain monolithic products metallic pollutants’ extractability has been compared with
[26,27] The partial substitution of the binder by residual the simulation as a function of pH, using the geochemi-
and commercial additives has been performed in order to cal equilibrium modelling applying the VISUAL MINTEQ
decrease the cost of the process, to manage two waste matet.0 software. The MINTEQ software has been reported in
rials simultaneously, to absorb the organic pollutants of the [22,39—-42]to study the metal speciation in aqueous solu-
foundry sludge and/or to incorporate new properties to the tions.
stabilized/solidified products. Results from the compliance tests of the waste and de-
Regulatory procedures based on equilibrium leaching rived products through the EN 12457 leaching test have
tests allow the characterisation of the environmental be- been compared with the limits established for the European
haviour of waste and S/S products using the solubility regulation for the three classes of landfil80]. The criti-
and/or availability of pollutants as limits. US-EPA-TCLP, cal parameter in an acidic medium (WTC) is the amount of
DIN 38414-S4 and EN 12457 are very common tests in metallic pollutants, and the critical parameters in distilled
USA [29] and Europg30], respectively. In the TCLP, acetic water (EN 12457) are the inorganic (Zn, Pb, Cr and Cd)
acid is used as a leachant to simulate the organic acid gen-and organic pollutants (DOC and phenols) coming from the
eration in municipal solid waste landfills, while in the DIN  foundry sludge.
S-4 and EN 12457 procedures, distilled water is used to
evaluate the extractability of the pollutants.
The council decision 2003/33/E[30] establishes crite- 2. Materials and methods
ria and leaching procedures for the acceptance of waste at
landfill sites. This decision will come into effect as of 16 2.1. Materials
July 2004 and establishes three classes of landfills: landfill
for inert waste, landfill for non-hazardous waste and landfill ~ Foundry sludge (FS) and electric arc furnace dust (EAFD)
for hazardous waste. The criteria and procedures for the acfrom Spanish factories located in Cantabria were used in
ceptance of waste are given in an annex according to threethe experimental study. The chemical characterisation has
types of procedures: basic characterisation, compliance testbheen determined in previous stud{@s43] and it is shown
ing and on site verification; and it establishes the criteria and in Table 1 A synthetic reference (SR) with ZnO andJ&g
limits for each landfill according to the EN 12457 leaching in the proportion of the foundry sludge was prepared in the
test or prEN 14405 percolation test. laboratory. Portland cement type | 42,5R (CM) and com-
In this work, a characterisation of foundry sludge and mercial lime (LM) were used as binders. Foundry sand fines
stabilised/solidified derived products is performed in order (FSF), by-product of the foundry activities; activated carbon
to study the behaviour of the waste at landfill sites. The reagent grade (AC), commercial sorbent and black carbon
basic characterisation of the waste and S/S products hadrom the carbon industry (BC), were studied as additives.
been carried out following an acid equilibrium test (WTC) Based on previous experiments S/S products were for-
[31], because both the integrity of monolithic matrix and the mulated using 70% foundry sludge and different amounts
solubility of pollutants depend strongly on the pH. Other of binder and additives. The quantities of binder and addi-
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Table 1
Chemical composition of the foundry sludge (FS) and electric arc furnace
dust (EAFD)

Element FS (% d.w.) EAFD (% d.w.)
Fe 8.70 15.00
Zn 43.94 21.53
Cr 0.01 0.50
Pb 0.5 1.67
Ni 0.03 n.d2
Cd 0.003 n.d.
Al 0.16 0.05
Ca 0.98 3.93
Cu 0.08 0.23
K 1.00 0.44
Mg 0.40 2.23
Mn 1.66 5.27
TOC 9.68 n.d.
LOIP (550°C) 9.13 -
LOI (1000°C) 12.44 5.11
Water content 62.43 -

a n.d.: not detected.
b LOI: loss of ignition.

tives were established in previous studi#$,45]in order to
fulfil the limits of the US EPA29] regulations. The studied
mixtures are given ifMable 2

2.2. Experimental methods and analytical procedures

Waste, binders and additives were mixed in a CEMEX
W-20, X-02-G laboratory scale solid mixer prototyjg].
Each mixture was transferred to a plastic bag at room
temperature for 28 days of curing time. The samples were
characterised using the leaching test EN 124%0] and
WTC-ANC [47]. The pollutants measured in the water
leachate were dissolved organic carbon (DOC), phenol in-
dex and metals, Zn, Pb, Cr and Cd. In the acidic leachate,
the evaluated parameters were pH, conductivity, redox
potential and metals concentration, Zn, Pb, Cr and30d

EN 12457/1-4 test for leaching of granular waste mate-

rials and sludge has been carried out in all samples, wastepy

and stabilised/solidified products, in order to apply the test
recommended by the EU council decision. The EN leaching
test was performed after 28 days of curing. The distilled wa-
ter, to solid ratio was 101/kg, dry weight, which was slowly
agitated by tumbling at 0.5 rpm for 24 h. After extraction and
filtering, chemical analysis of the leachate was carried out.

Table 2
Components of stabilised/solidified products

Product FS (%) CM (%) LM (%) FSF (%) Additive
(%)

S/S LM 70 - 30 - -

S/S CM 70 30 - - -

S/S CM-AC 70 29 - - AC:1

S/S CM-BC 70 29 - - BC:1

SIS CM-FSF 70 20 - 10 -

S/S CM-AC-FSF 70 19 - 10 AC:1

SIS CM-BC-FSF 70 19 - 10 BC:1

97
Table 3
Total metal concentration in all samples used in the Minteq simulation
Solids Quantity in Quantity in
foundry sludge S/S products
Zinc oxide, ZnO (moll/l) 1.12 0.784
Lead oxide, PbO (mol/l) 0.00426 0.00298
Chromium(lll) hydroxide, 0.162 0.113
Cr(OH); (mmol/l)
Cadmium hydroxide, 0.0342 0.0239

Cd(OH) (mmol/l)

The results have been compared with the limits established
by the European Directiv80] in order to classify the waste
as hazardous, non-hazardous or inert. The critical parameters
in the foundry sludge are the inorganic elements: Zn, Pb, Cr
and Cd and the organic parameters: DOC and phenol index.
A procedure for the acid neutralisation capacity has been
standardised by the Wastewater Technology Centre, Canada
(WTC) [47]. It consists on a multiple step single-extraction
batch leaching, which uses a series of dried samplest 60
for 3 days extracted with a nitric acid solution of increasing
acidity. The liquid to solid ratio is 6 ml/g, the results are
similar to a titration of a base with a strong acid, nitric acid.
The values of pH of the different leachates were recorded
as a function of the mequiv. acid/g of dry waste.
A Crison Model 2002-pH meter and a Crison basic
30-conductimeter were used. The metals concentrations,

Table 4
Hydroxide species used in the Minteq simulation

Metal Specie Equilibrium Enthalpy (kJ/mol)
constant, logk

Zn ZnOH* —8.997 55.81
Zn(OH), aq —17.79 0
Zn(OH)z~ —28.09 0
Zn(OHu2~ —40.49 0
Zn?t 12.2 0
Zno (s) 11.19 —88.76
Zincate (s) 11.33 —89.62
PbOH —7.597 0
Pb(OH) aq —17.09 0
Pb(OH)~ —28.09 0
Pb(OH)Y2~ —39.70 0
PR+ 8.15 —58.53
PbO (s) 12.98 0
PhO(OH), 26.19 0

Cr crt 9.569 —129.6
CroHt —5.912 —77.91
Cr(OH); aq —8.422 0
Cr(OH)~ —17.82 0
Cro;~ —17.75 0
crit 1.336 —29.77
Cr,03 () —2.358 —50.73

cd CdOH —10.10 54.81
Cd(OH), aq —20.29 0
Cd(OH%~ —32.51 0
Cd(OH)Y %~ —47.29 0
Cd,OH3* —9.397 45.81
Cd?+ 13.644 —94.62
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Fig. 1. Conductivity evolution from WTC—ANC test of waste and derived products.

Zn, Pb, Cr and Cd, in the leachates were measured using arderived products show very similar results in the pH range
atomic emission spectrometer inductively coupled plasma 0-7, thus, revealing the acid addition as main influence in the
(ICP)[48], Model Perkin-Elmer 400. To determine dissolved acidic range. However, the results are widespread in the basic
organic carbon an Euroglas TOC 1200 was employed. Phe-range, EAFD has the higher conductivities and the foundry
nol index was determined according to the norm 1SO 6439 sludge higher ion concentrations than the synthetic reference
“Determination of phenol index 4-aminoantipyrine spectro- due to other inorganic and organic compounds in the basic
metric method after distillation30,49] The equipmentwas  range. Derived products show the same results below pH 6.
the Spectrophotometer Perkin-Elmer, Lambda 2UV-Vis. Therefore, the total ion mobility in the acidic range does not
depend on the binder agents and/or additives used during
2.3. Modelling of leaching behaviour the treatment. However, in basic medium (pH 7), the
products S/S with lime as binder have higher conductivities
In order to model the leaching behaviour, VISUAL in the leachates than the untreated waste, although, cement
MINTEQ 1.0 software has been applied to simulate the based S/S products show very similar results.
metal amount in the leachates as a function of pH. The Fig. 2shows the potential redox of the waste and derived
software calculates the concentration of the different ionic products versus pH, the complex waste (FS) has a lower
species of a metal (basically hydroxides) in relation to the oxidation potential than inorganic waste (EAFD and SR)
equilibrium constant, the enthalpy, the pH and the total con- in the range of pH. The organic matter increases the redox
centration of this metal in the products. The total metal con- potential of the leachates. For acid pH values (pi8), all
centrations in all products are shownTable 3 The ionic S/S products have a much greater oxidation potential than
epecies of the metals (hydroxides) are showmable 4 the untreated waste. This is due to the influence of organic
compounds, as mentioned above. Nevertheless, for basic pH,
the values of the oxidation potential show very similar trends

3. Results and discussion in all S/S products.
The acid neutralisation capacisjig. 3, shows the leachate
3.1. Basic characterisation pH as a function of the added equivalents of nitric acid per
kilogram of dry sample and it is related to the acid-base
The experimental results of WTC tests are showrig 1 behaviour of the waste. These figures are known as titra-

as conductivities (logarithmic plot) versus pH, the waste and tion curves. The more equivalents a sample neutralise,

1200 ——FATD
1000 oo ---SR
- —FS
~ 800 +--° o S/SLM
E s00 ¢ - S/SCM
= + $/SCM-AC
= 400 - +-S§/S CM-BC
--+--S/S CM-FSF
200 - --x--S§/S CM-AC-FSF
X --x--S§/S CM-BC-FSF
0 T T T T T T 1

pH

Fig. 2. Redox potential evolution from WTC—-ANC test of waste and derived products.
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Fig. 4. Zinc extractable amount following the WTC leaching test.

the greater buffering capacity it has, taking into account their neutral behaviour and to the fact that they are present
the influence of pH in the mobility of the different heavy in very small amounts. From 5.79 to 3.82 mequiv./g of ni-
metal species. This variable depends on the acid attack andric acid are necessary to get a final pH of 9 in samples with
buffer capacity of the waste, a plateau at a defined pH de-cement and these adsorbents. However, the substitution of
scribes the waste buffer capac[§0]. The titration curves 10% cement for foundry sand fines originates a reduction
show buffer capacities between 2 and 15 mequiv. HNO of the buffering capacity, 3.46—3.82 mequiv./g of nitric acid
being the plateau at a pH between 5 and 6, therefore, itare necessary in all samples with FSF. In the literature it
can be concluded that the mentioned buffer capacities arehas been shown that pozzolanic agents of the cement have
only influenced by the inorganic species of the waste, the a negative effect on the acid neutralisation capacity with ni-
metals Zn and Fe. The buffer capacity of the electric arc tric acid due to the substitution of basic reagents by acidic
furnace dust is lower due to its lower zinc oxide con- oxides[56], in good agreement with these results. The poz-
tent. Contents of Zn in both samples are already shown in zolanic behaviour of foundry sand fines has been tested in
Table 1 previous studie§37].

The results of pH versus added equivalents of nitric acid
in the S/S products is based on the alkaline reagents of the3.2. Metals results
formulation, which are lime and Portland cement. Conse- ]
quently, its neutralisation capacity of S/S products is very  The zinc extractable amounts from WTC test of S/S prod-
high [26,41,50-55]depending on the amount of alkaline ucts and untreated waste is showirig. 4. The results show
reagents.

The acid neutralisation capacities (ANC) of the S/S prod- Table 5
ucts and waste are obtained from the titration curves. ANC Availability of metals from foundry sludge

is defined as the equivalents of nitric acid for kilogram of dry Metal Available concentratiéh Available amourt (%)
sqlld product needed to reduce the value of the leachate pH ta; | 466 (g/kg dry sludge) 100

9 inthe WTC tesf47]. The values of ANC of waste and S/S  py, 117 (mg/kg dry sludge) 220

products have been obtained. The best results of ANC arecr 10.4 (mg/kg dry sludge) 20.5

obtained in the mixture with calcium oxide, 15.46 mequiv./g Cd 20.2 (mg/kg dry sludge) 87.8

of ni_tr?c agid. Black carbon gnd activ_ateq carbon have a  a Total metal content, obtained froable 1
negligible influence on the acid neutralisation curves due to P Percentage accessible on WTC test with regard to total concentration.
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Fig. 5. Chromium extractable amount following the WTC leaching test.
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Fig. 6. Cadmium extractable amount following the WTC leaching test.

very similar trends in S/S products with Portland cement as the solubility curves of the hydroxide ions. The zinc contents
binder, while lime stabilisation shows a lower mobility of show an amphoteric behaviour in the waste and all derived
this metal at the same pH. products. The zinc behaviour indicates that it is necessary

The maximum available amount of metal has been con- an acidic medium with pH lower than 8 in the leachates
sidered the metal concentration at pH equal to 2 from WTC of the mixtures with cement Portland to leach a high zinc
test, and it is shown imable 5 The maximum available  concentration. The lower zinc concentrations are obtained
lead and chromium concentration is very different to the to- at pH between 8 and 11. This behaviour has been reported
tal concentration identified in the waste after acid digestion for different waste in[57]. In the mixtures with lime, the
analysis. The availability indicated an available amount of high content of zinc is also found at very alkaline pH. It is
2.20 and 20.5% of lead and chromium, respectively. Zinc possible to assume that zinc concentration is mainly related
and cadmium are very available ranging for 100-87.8%, re- to the leachate pH and it is important to remark a negligible
spectively. influence on the use of additives.

In relation to the zinc behaviour, it is possible to observe  The chromium concentration of the leachates is shown in
that in all pH range, the zinc concentration is very similar to Fig. 5 The chromium extractable amount is below 10 mg/l

1000 == === e e ———
100 + o—S/SLM
10 3= =--S/SCM
= *-S/S CM-AC
2 1 +--8/S CM-BC
= o1 --+--S/S CM-FSF
= --x--S§/S CM-AC-FSF
0,01 1 --x--$/S CM-BC-FSF
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0,0001 T T T T T T 1
0 2 4 6 8 10 12 14

pH

Fig. 7. Lead extractable amount following the WTC leaching test.
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in all the range of pH and is lower at higher values of pH results from chromium and cadmium leaching in the acid
in acidic medium (pH< 7) and lower than 0.1 mg/l in basic  neutralisation capacity tests using cement and cement with
medium (pH> 7). The experimental curves do not show activated carbon as additive in S/S processes of electroplat-
the behaviour of hydroxide species, since the experimentaling waste.
results are above the simulated curve in the waste and S/S The lead contents following the WTC test are shown in
derived products. In all cases, the chromium content doesFig. 7. The results with lime as binder show a higher concen-
not show any amphoteric behaviour. tration of lead than cement products. Cement stabilisation
The cadmium results are indicatedHig. 6. In the waste shows very similar trends. The studied additives (foundry
and all S/S products, similar trends are found. The cadmium sand fines, activated carbon and black carbon) have a neg-
extractability is lower than the simulated at high range of pH ligible influence in the lead extractability. The pH should
in acidic medium and lower than 0.1 mg/l in basic medium. be lower than 9 in the products with Portland cement in or-
In all range of pH, the experimental concentration of cad- der to reach a lead content higher than 1 mg/l. However, in
mium is completely displaced towards the left in compari- the case of mixtures with lime, this concentration is lower
son with hydroxide species. Tamas et[&B] obtain similar than the results in all interval of pH. These results are

100 HAZARDOUS “Fs
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B e e e e e - e — — — — — — — —
E
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Fig. 8. Obtained results for inorganic pollutants following the EN12457 leaching test.
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Fig. 9. Obtained results for organic pollutants following the EN12457 leaching test.

in good agreement with the amphoteric behaviour of lead However, S/S products do not fulfil the limit of phenol in-
hydroxide. dex (1 mg/kg) for inert waste. Therefore, all samples can

On the other hand, the lead results do not seem to responde disposed of in landfill for non-hazardous waste. The S/S
to the behaviour of hydroxide compounds, since the curve products with lime have a lower quantity of organic com-
is completely displaced to the left in acid medium or to the pounds in the leachate than products with cement. This may
right in the basic range. Furthermore, only the S/S product be due to the exothermal reaction of lime hydration and the
that has been stabilised with calcium oxide has a higher adsorption of these compounds on the solid surfageDe-

availability than the simulated solubility curve. rived products with black carbon or active carbon as addi-
tives show the best results. The samples with foundry sand
3.3. Compliance tests fines show similar results when it compares with cement.

It is very important to note that the conclusions of both

The limit of the pollutants related to landfilling has to EN and WTC leaching tests, are very similar in spite of
be referred to the 2003/33 EU council decis[80]. Three their different procedure, t.herefor.e, it is possible to conclude
landfills have been established: landfills for inert waste, that the metals extractability mainly depends on pH of the
non-hazardous waste and hazardous waste. leachate. The amphoteric behaviour of zinc leads to lower

The results of metallic pollutants are based on the Euro- concentrations at pH between 8 and 10 and higher concen-
pean Norm 12457, shown Fig. 8. Al stabilised/solidified ~ rations when pH increases. However, chromium and cad-
products can be disposed of in a non-hazardous waste landMium concentrations are very similar in the basic range (pH
fill, with the exception of the product stabilised with cement, °—
which may be disposed of in a landfill for hazardous waste
due to the lead limit. Lead hydroxides have an amphotheric
behaviour and it is very sensitive to the amounts of binder 4. Conclusions
and additives to obtain the pH of the leachate in the range
of lead limit. The binders and additives used in the immo-  The acid neutralisation capacity tests applied to the waste
bilisation process have a small influence on the complianceand the stabilised/solidified products leads to results of en-
testing of metallic compounds. vironmental interest, conductivity, redox potential and metal

The dissolved organic carbon and the phenol index in the extractability, as a function of the pH in the liquid phase.
EN leachate are shown fRig. 9. The foundry sludge con-  The results show that the pH as well as the conductivity
tains a phenol concentration of 99.5 mg/kg. However, in the and the contents of the pollutants depend on its inorganic
literature it has been found that the initial phenol concen- composition (mainly the content of Zn and Fe), specially in
tration in this type of waste have not any influence on the the acid range. The organic compounds, however, affect the
phenol fixation in the S/S procefks,23,27] All S/S prod- redox potential of the waste.
ucts fulfil the limit of 500 mg/kg for hazardous and inert The evolution of metals, Zn, Pb, Cr and Cd, in the S/S
waste according to the European Decis[80] for DOC. products is very similar, being the leachate pH (and not the
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additives and binders used) the most important factor on [8] E.F. Barth, et al., Stabilization and Solidification of Hazardous
the stabilisation process. Computer modelling of equilib- ~ Wastes, Noyes Data Corporation, New Jersey, 1990.

rium has been performed in order to compare the experimen- [9] J.R. Conner, Chemical Elxat|on and Solidification of Hazardous

. . . Wastes, Van Nostrand Reinhold, New York, 1990.

tal amounts qurves as a function of pH with the.th.eoretlcal [10] J.E. Noakes, Solidification of Organic Waste Materials in Cement,
curves. The zinc extractable amounts are very similar to the US Patent 5269 975, 1998ttp:/www.uspto.gov/patft/

simulated curves, while the lead and chromium behaviours [11] M.D. LaGrega, P.L. Buckingham, J.C. Evans, Gestién de residuos
do not agree well with hydroxide solubility curves in S/S toxicos, Tratamiento, eliminacién y recuperacion de suelos, McGraw-
products. Cadmium does not behave as the hydroxide show- _ Hill. Madrid, Spain, 1996. , -
ing lower solubilities. The available lead in the leachate is [12) D-L- Oliver, M.S. Roberts, P. Atkinson, N.J. Calos, Stabilizing soil

. . and aggregate mixtures and structures, US Patent 5820302, 1998.
also lower than that simulated one in all range of pH. http://www.uspto.gov/patft/

The binders lime and cement, allow to fit the buffer ca- [13)J-E. chang, T-T. Lin, M-S. Ko, D.-S. Liaw, Stabiliza-
pacity and the best results of neutralisation capacity have tion/solidification of sludges containing heavy metals by using ce-
been obtained using lime as binder and the worse using ment and waste pozzolans, J. Environ. Sci. Heal. A 34 (5) (1999)

foundry sand fines as additive due to their pozzolanic be- 1143-1160.

havi Black b d activated bon h liibl [14] J.M. Gunter, Lime/cement columnar stabilization of soil, US Patent
aviour. Black carbon and activated carbon have a negligiple 5967 700, 1999http://www.uspto.gov/patit/

influence on the neutralisation processes due to their Neu-15] v.m. Hebatpuria, H.A. Arafat, H.S. Rho, P.L. Bishop, N.G. Pinto,
tral behaviour and to the fact that they are present in a very R.C. Buchanan, Immobilization of phenol in cement-based solidi-
small amounts. fied/stabilized hazardous wastes using regenerated activated carbon,

All stabilised/solidified products may not be disposed of J- Hazard. Mater. B 70 (1999) 117-138.

. . . . e _ [16] M. Kamon, J. Katsumi, K. Watanabe, Heavy-metal leaching from ce-
in a landfill for inert waste, the immobilisation process con ment stabilized waste sludge, in: T.B. Edil, P.J. Fox (Eds.), Geotech-

tributes only to increase the neutralisation capacity of the pjcs of High water Content Materials, ASTM STP 1374, West Con-
derived products. The additives used in the process con-  shohocken, PA, 2000, pp. 123-136.

tribute to the retention of organic pollutants. The samples [17] J. Viguri, A. Andrés, Cement-waste and clay-waste derived products
with black carbon or active carbon as additive show the best ~ from metal hydroxides wastes, in: C. Ruiz, A. Irabien, F. Castro

results in the organic matter, giving a higher grade of fixa- (Eds.), Transactions of IChemg, vol. 798 (2001) pp. 38-44,
tion in the matrix [18] N. Hytiris, I.E. Kapellakis, R. La Roij de, K.P. Tsagarakis, Resour.

Conserv. Recy. 40 (2004) 129-139.
[19] M. El-Fadel, E. Bou-Zeid, W. Chahine, B. Alayli, Temporal variation
of leachate quality from pre-sorted and baled municipal solid waste
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