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a b s t r a c t

Slag products derived from the pyrolysis/melting and plasma/melting treatment of municipal solid waste
(MSW) in Japan were examined for the characterization study of heavy metal-bearing phases using pet-
rographic techniques. Detailed microscopic observations revealed that the shapes of heavy metal-rich
inclusions are generally spherical to semi-spherical and their sizes range from submicron to scarcely
large size spheres (over 100 �m). The experiments (both optical microscopy and electron probe micro-
analysis) indicated that Fe and Cu participate in mutual substitution and different proportions, and form
mainly two-phase Fe–Cu alloys that bound in the silicate glass. This alloy characterizes the composition
of more than 80% of the metal-rich inclusions. Other metals and non-metals (such as Pb, Ni, Sb, Sn, P, Si, Al
yrolysis melting
lasma melting
nvironment

and S) with variable amounts and uneven distributions are also incorporated in the Fe–Cu alloy. In aver-
age, the bulk concentration of heavy metals in samples from pyrolysis/melting type is almost six times
greater than samples treated under plasma/arc processing. The observations also confirmed that slag from
pyrolysis origin contains remarkably higher concentration of metallic inclusions than slag from plasma
treatment. In the latter, the metallic compounds are separately tapped from molten slag during the melt-
ing treatment that might lead to the generation of safer slag product for end users from environmental
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viewpoint.

. Introduction

The incineration, melting and vitrification of municipal solid
aste (MSW) has been seen as one of the most effective strategies

n the MSW management in Japan. During the past three decades,
everal melting and vitrification technologies have come to opera-
ion and gained priorities over other treatment options nationwide.
t present the total production capacity of melting plants in Japan
mounts to 1500 tons/day of vitrified materials approximately.

It is believed that such treatment methods lead to a significant
olume reduction and a destruction of >95% of dioxins. In addi-
ion, in some types of melting furnaces metals can be separated by
vaporation or phase separation [1]. It is also expected that com-
ared to nontreated residues, vitrified materials have much lower
otential to mobilize metals [2]. However, the latter aspect has not

een thoroughly investigated, particularly from the standpoint of
haracterization of hazardous metals.

Through literature survey, we understand that a great deal
f attention has been given to the investigation on leach-

∗ Corresponding author. Tel.: +81 92 802 3311; fax: +81 92 802 3311.
E-mail address: a saffarzadeh@yahoo.com (A. Saffarzadeh).

Z

t
h
d
t
g
b

304-3894/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2008.08.093
© 2008 Elsevier B.V. All rights reserved.

ng potential of toxic metals in ash and slag [3–8]. However,
ewer studies have focused on the identification and charac-
erization of metal-rich phases with respect to their spatial
istribution, morphology and chemical compositions. Leach-

ng studies are valuable analytical techniques for measuring
he leaching behavior of the waste combustion residues, but
hey are largely limited to the evaluation of soluble com-
ounds and provide little information about the insoluble
ompounds that may be present in the combustion prod-
cts.

In this paper, it is intended to represent an ideal image of the
haracterization of heavy metal-bearing phases and their local-
zation with respect to the glassy matrix of slag. During the
bservations, it was learnt that the slag residues are enriched in
number of heavy elements of environmental concern, including
n, Cr, Cu, Pb and Ni as chief components [9].

Therefore, through the ongoing discussion, particular atten-
ion has been given to: (i) the preliminary identification of the

eavy metal-bearing phases by using optical microscopy; (ii) the
istribution pattern and morphology of those phases; and (iii)
heir chemical compositions. The latter two aspects were investi-
ated using combined electron probe microanalysis (EPMA) and
ackscattered electron (BSE) imagery. To achieve the goals, slag

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:a_saffarzadeh@yahoo.com
dx.doi.org/10.1016/j.jhazmat.2008.08.093
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concern such as Zn, Cu, Cr and Pb (Table 1). The results obviously
distinguish the differences between the individual and total con-
tents of trace elements in MSW slag products (pyrolysis vs. plasma
type). It is understood that the total amount of trace elements in
the pyrolysis slag is significantly higher than the other.

Table 1
Representative bulk chemistry of three WQ slag samples from pyrolysis/melting
facilities (K and Y) and one from a plasma-arc type (S)

Facilities K1 K2 Y S

Major elements (wt%)
SiO2 43.06 38.60 39.58 42.33
TiO2 1.56 1.76 2.09 1.18
Al2O3 13.67 12.51 13.54 19.54
FeO 4.31 6.12 4.50 0.51
MnO 0.16 0.18 0.20 0.09
MgO 3.44 3.64 4.02 4.37
CaO 22.53 23.72 26.04 23.36
Na2O 5.38 6.01 4.46 5.47
K2O 2.58 2.61 1.31 1.57
P2O5 2.06 2.82 2.21 0.84
LOI 0.45 0.54 0.41 0.00
S 0.07 0.09 0.04 0.38
Cl 0.03 0.01 0.02 0.15

Total 99.29 98.60 98.42 99.81

Dominant trace elements (ppm)
Zn 4582 6254 7465 367
30 A. Saffarzadeh et al. / Journal of Ha

aterials from: (1) pyrolysis gasification and melting, and (2)
lasma torch-type incineration ash melting systems were selected
or the characterization study of the heavy metallic compounds.

Such characterization understanding is required to evaluate the
ate and transport of heavy metals from any sort of combustion
roducts into a leaching medium, and to explore the possibility of
ontrolling combustion process to ensure that the soluble forms of
hese metals in ash or slag products have minimized. A detailed
nowledge of the phases can also lead to an improved understand-
ng of the thermal processes.

. Description of the melting processes

As mentioned earlier, slag materials from different technolo-
ies (pyrolysis melting and plasma melting systems) were selected
or the characterization study of the heavy metallic compounds.
he pyrolysis melting technology is an innovative pyrolysis gasifi-
ation and melting process for the proper treatment of municipal
aste. In this type of MSW melting treatment that operate under

emi-oxidizing to oxidizing atmosphere, MSW-derived substances
pyrolysis char and gas) produced at a pyrolysis drum (reactor) is
ntroduced into a high temperature combustion chamber (HTCC)
nd co-fired at a controlled temperature rate (∼1300 ◦C) to gener-
te molten slag material (see [9–11] for further technical details).
lag and remaining metallic compounds are simultaneously tapped
rom the tapping hole of HTCC. It is therefore presumed that an
ppreciable amount of metallic compounds are preserved in the
ilicate matrix of slag.

The plasma melting technology is another treatment method
hat has been developed for detoxifying and vitrification of incin-
ration ash produced by municipal waste incinerators. In this
echnology, high temperature condition (>1400 ◦C) provided by the
ystem’s plasma arc (nitrogen type), significantly scale down the
sh volume, and treats hazardous constituents in the ash. Ashes of
ifferent types (bottom and fly ashes) are produced in an attached

ncineration facility prior to vitrification process. The prevailing
ondition during the treatment of ash is reducing. The reducing
tmosphere in the plasma furnace causes the metals to be reduced
o the elements, and sink down to form a layer of metallic alloy, or
o be evaporated through the off-gas system (see [10,11] for further
etails).

Detailed knowledge about the melting processes applied for
SW in Japan has been published elsewhere [1,12–14].

. Materials and methods

MSW slag products were obtained from four undisclosed pyrol-
sis/melting facilities (K, N, T and Y) from different geographic
ocations in Japan with the total capacity of 260, 210, 200 and
40 tons/day of fresh waste receiving from the surrounding munic-
pal areas, respectively. Three suites of water-quenched (WQ) slag
nd two suites of air-cooled (AC) slag samples were collected from
acility K at different periods. A pair of WQ and AC samples was
btained from facility N, while only WQ slag was received from
acilities T and Y. Slag of plasma type origin (WQ) was sampled
rom facility S (undisclosed) with the total treatment capacity of
40 tons/day of incineration ash. The original feed material deliv-
red to the entire facilities is the non-combustible fraction of MSW
hose composition may somewhat vary on a daily or seasonal

asis.

The standard petrographic and polished thin sections of a variety

f collected samples were prepared for the preliminary identifi-
ation of metal-bearing phases and their elemental associations.
his was completed by a petrographic microscope (Nikon ECLIPSE
600WPOL) at different magnifications. K
us Materials 164 (2009) 829–834

Backscattered electron and characteristic X-ray images were
btained by using a JCXA-733 electron probe microanalyzer (EPMA-
DS), and the qualitative and quantitative spot analyses of the

amples were conducted under accelerating voltages of 20 and
5 kV, respectively, with 0.1 �A electron probe current. Under such
onditions, the minimum detection limit of EPMA technique is
bout 100 ppm for the existing heavy elements (e.g., Cu, Pb, Ni and
ost transition metals). Thus the quantitative results are obtain-

ble in the order of several hundreds of ppm. BSE images were used
o visually detect the dimension, distribution pattern and spatial
ositioning of metal-bearing phases within the glassy background
f slag.

Selected samples were pulverized by an automated vibrating
illing machine model CMT (TI-100) for bulk analyses. Semi-

uantitative bulk chemical analyses of the powdered samples were
ompleted by using a Rigaku RIX3100 X-ray fluorescence spectrom-
ter (XRF).

Optical microscopy associated with BSE imaging and charac-
eristic X-ray mapping provided a practical tool to determine the

orphology, distribution pattern and chemical composition of the
eavy metal-bearing phases and their relation with the surround-

ng materials. The detailed description of both heavy elements of
nvironmental significance and the accompanying metals and non-
etals has been provided with relevant to their positioning in the

escribed phases.

. Results and discussion

The bulk analyses of the slag products (pyrolysis and plasma
ypes) revealed that they are silicate-based materials with variable
mounts of other major, minor and trace elements. As shown in
able 1, SiO2, CaO and Al2O3 are the main constituents and can
e considered as the basis of the silicate melt. Such products also
ontain appreciable amounts of heavy metals of environmental
Cu 1919 2411 2002 257
Cr 1088 1429 2055 184
Pb 1226 972 637 12
Ni 112 126 152 1

1 and K2 present repeated sampling from facility K.



A. Saffarzadeh et al. / Journal of Hazardous Materials 164 (2009) 829–834 831

F
T

4

p
t
E
o
h
t
w
p
t
r

s
t
b
A
t
f
i
t

F
s

F
s

t
i

m
s
F
o
m
v
F

a
i
s
o
w
T
the chemical formula of about Fe0.85Cu0.09Ni0.06 may be proposed
ig. 1. Photomicrograph of a typical heavy metal inclusion in WQ slag (from facility
). Bright spots are minute inclusions and dark area is glass-reflected light.

.1. Pyrolysis-type slag

Petrographic thin sections prepared from slag samples of
yrolysis origin indicated a vesicular glassy texture with visible
hin-layered flow pattern. These observations in association with
PMA investigation showed that the glassy matrix of this type
f slag (both WQ and AC) was essentially composed of low and
igh-silica glasses (typically 30% and 50% of SiO2, respectively)
hat are juxtaposed along sharp boundaries. Several mineral phases
ere also identified by petrographic studies. The major mineral
hases are spinel (Zn- and Cr-rich), melilite, pseudowollastonite,
iny quench crystallites and heavy metal-rich inclusions that may
each up to 3% in total (see [9] for detailed petrography).

Comprehensive microscopic observations revealed that the
hapes of heavy metal-rich inclusions are generally spherical (Fig. 1)
o semi-spherical and their sizes vary chiefly from submicron to
arely large size spheres (up to 100 �m in diameter typically in
C samples). Larger inclusions are preferably located very close
o or right on the margins of the vesicles (Fig. 2) due to the sur-
ace tension effect of the molten liquid. The BSE imaging (Fig. 3)
ndicates that the metallic inclusions are preferentially bonded in
he high-silica glasses (bright spots in the dark bands); so that

ig. 2. Aggregates of metallic inclusions around a vesicle (center) in an AC slag
ample (from facility N)-reflected light.

b

s
b

F
(
s

ig. 3. BSE image of low (bright bands) and high (dark bands) silica glasses. Bright
pots in the dark bands are metallic inclusions (WQ slag from facility K).

he low-silica glass (light bands) is almost depleted from such
nclusions.

The experiments (both optical microscopy and electron probe
icroanalysis) indicated that Fe and Cu participate in mutual sub-

titution and different proportions, and form mainly two-phase
e–Cu alloys ubiquitously. This alloy characterizes the composition
f more than 80% of the existing metal-rich inclusions. Additional
etals and non-metals (such as Pb, Ni, Sb, Sn, P, Si, Al and S) with

ariable amounts and uneven distributions also incorporated in the
e–Cu alloy.

The AC samples provided appropriate targets for qualitative
nd quantitative analyses. Fig. 4 represents a compositional BSE
mage from a typical Fe–Cu complex in an AC slag from the pyroly-
is/melting facility (Y). The bright area (point 1) is chiefly composed
f metallic Cu (∼97%) with insignificant amount of Fe (Fig. 5),
hereas the darkest zone (point 2) is almost entirely enriched in Fe.

he intermediate zone (point 3) is Fe–Cu–Ni alloy (Fig. 5) for which
ased on microprobe data.
A blow-up image from Fig. 4 (represented in Fig. 6) shows the

cattered combinations of Pb–Cu–Sb in the Cu-rich zone. Pb has not
een identified as individual metallic inclusion and is essentially

ig. 4. BSE image of a complex metallic inclusion surrounded by interstitial glass
AC slag from facility Y). See text and Fig. 5 for detailed chemistry of points 1–3. The
elected field is magnified in Fig. 6.
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Fig. 5. EPMA results of points 1–3 as marked on Fig. 4.

Fig. 6. BSE image of the selected field from Fig. 4 that represents the Pb-rich phase
(bright areas) bound in the Cu-rich zone. Data on the image show the composition
of the Pb-rich phase.
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Fig. 7. Backscattered electron image (a) and characteristic X-ray images (b and c) of a met
c) Represent the distribution pattern of sulfur and copper, respectively.
us Materials 164 (2009) 829–834

ocked up as sporadic phases in the Cu-rich zone, occasionally asso-
iated with Fe and Sb (e.g., Fig. 6). Although Pb is expected to be
olatile in air as chloride species, it partly exists as PbO having
elatively high boiling point (1470 ◦C), and it partially vaporizes
epending on its vapor pressure at all temperatures [15]. Hence, the
emaining lead that is not vaporized is co-precipitated with other
eavy metals to form complex metallic compositions in the metal

nclusions. The electron probe microanalysis of the Pb–Cu-rich
lloy in Fig. 6 (results shown on the image) yields the stoichio-
etric formula of approximately Pb0.47Cu0.51(Fe,Sb)0.02 for this

hase.
Cadmium (Cd), as an environmentally hazardous element was

ot identified by bulk and EPMA analyses and it is almost impossible
o make a statement about the speciation and distribution of this
lement. This can be attributed to the strong volatility effect of Cd
16,17] due to low boiling point (∼765 ◦C) and partly due to the
etection limits of the employed techniques.

In this melting system (more oxidizing), sulfur is not commonly
dentified in the inclusions, as most of it is expected to volatilize and
elease from the HTCC as gaseous species through the off-gas sys-
em. However, because of complex melting condition, trace amount
f sulfur might survive and reside in the melt. In such a case, it was
ealized that it is strongly in bond with Cu and partly with Fe to
orm sulfide species in the main part or preferably in the rim of the
nclusion. Fig. 7a exhibits the BSE image of a Cu–S rich inclusion.
ig. 7b (characteristic X-ray image) shows the homogenous distri-
ution pattern of S in the inclusion, which is consistent with that
f Cu (Fig. 7c). The brighter spots (Fig. 7a) display the Ni–Sb–P-rich
lebs. The microprobe analysis yields the chemical formula of Cu2S
or the Cu–S phase. Regarding Cu, in general the majority of this ele-

ent has been identified as pure Cu (or alloyed with other metals),
nd at most 5% might exist as sulfide inclusions whose characteri-
ation may be due to a moderately local reducing condition in the
TCC.

Zn and Cr show particular behaviors. Despite elevated concen-
ration of Zn in the bulk composition of pyrolysis-type slag (K and
, Table 1), the microanalytical studies demonstrated that a signifi-

ant amount of Zn has been markedly incorporated into the existing
pinel crystals and in lesser amount into the glassy matrix itself.
he EPMA data also indicate the incorporation of small amounts of
n into the existing melilite. In spite of relatively high concentra-
ion of Cr in the bulk composition of pyrolysis slag (Table 1), the

al-rich inclusion within the background glass of a WQ slag (from facility K). (b and
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Table 2
Representative electron probe microanalyses of matrix glass as marked on Fig. 8

Point 1 Point 2

SiO2 41.43 45.06
TiO2 1.06 0.97
Al2O3 19.94 20.67
FeO 0.35 0.28
MnO 0.00 0.00
MgO 3.11 2.99
CaO 21.67 20.08
Na2O 5.74 5.56
K2O 1.57 1.67
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ig. 8. BSE image from the glassy matrix of slag from plasma-arc system. Analytical
esults of points 1 and 2 are listed in Table 2.

PMA data acquired from several targets (both glass and miner-
ls) demonstrated that Cr has the least compatibility with silicate
lass and metallic inclusions; majority of which has been incorpo-
ated into the Cr-rich spinels. As a consequence, there remains very
nsignificant amount of Zn and Cr in metallic state to contribute to
he characterization of metal-rich inclusions [9].

.2. Plasma-type slag

The bulk chemistry of a characteristic sample (WQ) from facil-
ty S was measured by XRF identical to the pyrolysis samples (K
nd Y). Table 1 displays the differences of the major, minor and
race elements between the two suites of samples (pyrolysis vs.
lasma). In facility S, slag and metal alloys are tapped separately
uring the melting treatment, and as a consequence the concentra-
ion of heavy metals has significantly diminished in slag product.
n average, the concentration of heavy metals in K and Y samples is
lmost six times greater than sample S (1.34 vs. 0.23 wt%).

Minute metal inclusions were examined in several petrographic
hin sections. Most of them are too small (normally at the sub-

icron size) to be analyzed quantitatively by EPMA without
nteraction effect from the surrounding glass (Fig. 8). The larger
nclusions however were analyzed qualitatively. Results demon-
trated that they essentially consist of Fe–Cu phase (identical to
yrolysis-type slag) generally bound with sulfur to form metal-
ulfide inclusions.

A reducing environment in the plasma furnace can be assumed
ue to the presence of additional sulfur comparing with K and Y
amples (Table 1). However, sulfur is not thermodynamically stable
n the slag of any commercial combustion or gasification process;
onsequently, it will completely volatilize and pass out of the sys-
em, except for the small fraction that reacts to form stable metal
ulfates or sulfides [18].

Chlorine also shows slightly elevated concentrations (Table 1)
omparing with pyrolysis-type slag. Very likely during plasma
reatment as a result of prevailing reducing condition, the major-
ty of heavy metals with relatively low boiling point (such as Cd,
n, Hg and Pb) does not form chloride compounds and mostly

aporize as metallic state. As a result, slightly additional chlo-
ine may still be preserved in the molten material. However
ignificant amount of chlorine content is expected to discharge
s gaseous phase from most MSW high temperature treatment
ystems.

t
w
p

t

otala 94.87 97.28

a Low total value for each analysis point is due to the non-measurement of minor
onstituents.

Likewise, large part of present Fe very likely exists as diva-
ent iron due to the reducing atmosphere. However, comparing the
mount of Fe-rich inclusions and low concentration of bulk Fe in
ample S (Table 1), the majority of Fe must have been reduced to
orm the present metal-rich inclusions instead of being incorpo-
ated into the glassy matrix. Representative microprobe analysis
f selected glasses (from Fig. 8) is indicative of further chemical
omogeneity in terms of major constituents (Table 2).

The samples from this treatment technique appear to be more
omogeneous with considerably lesser amount of toxic elements.
he inclusions made up less than 0.5 vol.% of the slag material. No
ther crystalline phase such as spinel was found in the studied sam-
les. It is therefore hypothesized that the present heavy metals
ust have been incorporated into the glassy matrix (e.g., Zn) or

oexisted with the metal-rich inclusions (Fe, Cu, Pb).

.3. Discussion

High-temperature treatment of MSW concentrates the original,
onvolatile inorganic elements into a solid slag with a composition
hat is variably dominated by Si, Ca, and Al. This typically leads to
he development of a slag phase consisting of Si-rich glass matrix
ith immiscible droplets of metallic iron (rarely sulfide) and/or

uhedral crystals of spinel and/or silicates. MSW-based slags show
rregularity with regard to some elements (major and minor) and
xhibit a much more complex array of phases.

Petrographic thin section study combined with EPMA provided
aluable approaches in order to locate, identify, and determine the
hemical composition of heavy metal-rich phases in slag prod-
cts. In order to evaluate such characteristics at different treatment
tmospheres, molten slag materials from pyrolysis/melting (mod-
rately oxidizing) and plasma arc/melting (reducing) processes
ere studied in detail.

The investigations show that the plasma melting process gen-
rates a more homogeneous product with noticeably lower heavy
etal concentration as a result of reducing atmosphere in the high

emperature furnace and gravity settlement of the heavy metal
raction and its separate tapping from slag compared to pyroly-
is/melting process. In average, the bulk concentration of heavy
etals in samples from pyrolysis/melting type is almost six times

reater than samples treated under plasma/arc processing. The BSE
mages and X-ray maps ascertained that some heavy metals such
s Cu (regularly bonded with Fe) and Pb significantly partition into
etallic alloys or metal-sulfide inclusions with variable concen-
rations of other metals and non-metals such as Sb, Ni, Si and P,
hereas elements such as Zn and Cr have been extensively incor-
orated into the melt glasses or minerals.

Such metallic complexes were the most important part of
he conducted research, especially with regard to their long-
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34 A. Saffarzadeh et al. / Journal of Ha

erm leaching potential and their environmental sustainability. For
nstance, in the case of existing Pb, care should be taken about its
peciation. Because the solubility of Pb-oxide is very high (around
0 mg/l), even a small amount of oxidized lead, might contribute
o the amount of lead released [5]. In addition, the existence
f contiguous pores (vesicles) may allow a leaching medium to
ontact heavy element-containing phases distributed within the
atrix.
It appeared that under oxidizing atmosphere, the majority of

eavy metals have been fixed into the silicate matrix by differ-
nt reactions as a result of the prevailing complex conditions. In
ontrast, under reducing atmosphere, volatile metals have been
ignificantly extracted as gaseous species (e.g., Cd, Pb, Zn, Hg and
heir salts) or separated and tapped from the melt according to their
pecific gravity (e.g., Fe, Cu, Ni).

Although the redox condition is considered as the crucial factor
n controlling the behavior of heavy metals in various melting sys-
ems, attention should be paid to the effective role of additional
actors. The interaction of other major and minor constituents,
reatment temperature, melt flow speed, density and viscosity of
he molten material, the presence of scavengers such as halogens,

elt residence time in the furnace and the overall structure of each
lant certainly affect the fate and transport of the heavy metals.
he influences of the entire factors need to be investigated in fur-
her details for generating more homogenous and inherently safer
lag products.

. Conclusions

The current research provided advantageous knowledge from
he characteristics (morphology, distribution and composition) of
eavy metal-bearing phases in MSW slag products using optical
icroscopy and microanalytical technique. In order to evalu-

te such characteristics, molten slag from pyrolysis/melting and
lasma arc/melting processes were studied in detail.

In the pyrolysis treatment, considerable amount of heavy metal-
ic compounds are retained in the glassy matrix, whereas during
lasma melting treatment most of heavy metals are reduced into
etallic state. This favors easier evaporation and/or precipitation of

ignificant amount of metal species from the system through either
ff-gas (e.g., Pb, Zn, Cd) or separate tapping from the melt (e.g., Fe,
u, Ni) into smaller fraction of heavy metal condensates.

Knowledge from the current study verified that a large quan-
ity of Zn and Cr partition into spinel and to a minor extent into

elilite and glass phases of slag products processed by pyrol-
sis/melting technique (under oxidizing condition). Under such
ondition, a notable amount of other heavy metals (Cu, Fe, Pb, Sb, Ni)
re significantly enriched in metal-rich inclusions and preserved in
he silicate glass matrix. In contrast, slag from a system operating
nder reducing atmosphere (plasma), exhibited more homogenous
atrix and lower bulk concentration of heavy metallic compounds.
n average, the concentration of heavy metals in slag from pyroly-
is/melting system was almost six times greater than slag treated
y plasma with separate slag/metal tapping.

Experimental evidences from this research combined with
esults from other investigations may allow the design of a thermal

[

[

us Materials 164 (2009) 829–834

rocess that can effectively eliminate hazardous contents from a
oxic residue (e.g., fly ash, char) by alternative reducing/oxidizing
tmospheres (even without vitrification). Such processes can pro-
uce safer glassy residues and a small heavy metal condensate
metallic alloy) that should be suitable for metal recycling, if eco-
omically and technically feasible. Therefore, care should be taken
bout the selection of the most reasonable techniques (oxidizing
s. reducing) for the thermal treatment of MSW with regard to any
nvironmental and economic prospects.
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