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Abstract−In this study, we melted four types of waste asbestos containing material such as spread asbestos, plaster-
board asbestos, slate asbestos and asbestos 99 wt%, in a melting furnace at 1,450-1,550 that uses a mixture of hydrogen
and oxygen (Brown’s gas) as a fuel. More volatile components (CaO, K2O) are enriched in spread asbestos, plasterboard
asbestos, and slate asbestos, while less volatile compounds (SiO2, Fe2O3, MgO) remain in asbestos 99%. Through basicity
of raw materials, spread asbestos, plasterboard asbestos, and slate asbestos were found to have more alkalinity, and
asbestos 99% was found more acidic. SEM and EDX results revealed that all raw materials had various kinds of as-
bestos fiber. Spread asbestos, plasterboard asbestos, and slate asbestos were considered as tremolite asbestos, whereas
asbestos 99% was considered as chrysotile asbestos. It was further confirmed by SEM and XRD studies that all waste
materials contained some crystalline structures which transformed into amorphous glassy structure on melting. Also,
in case of added glass cullet during the melting of spread asbestos, it transformed the raw material into a perfect vitrified
product having more glassy surface and amorphous in nature.
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INTRODUCTION

Asbestos is a naturally occurring fibrous silicate mineral which
comes in several forms. It includes chrysotile, amosite, crocidolite,
tremolite asbestos, anthophyllite asbestos, actinolite asbestos, and
any of these materials that have been chemically treated and/or altered
[1,2]. Asbestos minerals have been used for a number of applica-
tions due to their excellent physical properties such as thermal in-
sulation, chemical and thermal stability, and high tensile strength
[3,4]. Due to these properties, these are being used as loose-fill in-
sulations, acoustic and thermal sprays, pipe and boiler wraps, plas-
ters, paints, flooring products, roofing materials, cementitious prod-
ucts and in a variety of other of building materials [5-8]. Asbestos
consists of microscopic bundles of fibers and these fibers may get
into the air. Asbestos materials were found to cause respiratory dis-
eases associated with occupational and environmental exposure to
asbestos fibers. Asbestos-related diseases usually involve lung can-
cer, asbestosis, and mesothelioma and can result in severe disability
and fatality [9-20]. In 1975, the Environmental Protection Agency
(EPA) regulated those materials that contain greater than 1% asbes-
tos. Currently, use of asbestos products is either banned or very re-
stricted [21-23].

The disposal of waste asbestos includes landfilling, thermal pro-
cesses, chemical coagulation and immobilization. In this study, we
melted four types of asbestos containing waste material such as spread
asbestos, plasterboard asbestos, slate asbestos and asbestos 99 wt%,
in a melting furnace at 1,450-1,550 oC that uses a mixture of hydro-

gen and oxygen (Brown’s gas) produced from water electrolysis as
a fuel. The morphology of melted slags was further studied by SEM
and XRD.

EXPERIMENTAL METHODS

The asbestos used in this study, such as spread asbestos, plaster-
board asbestos, and slate asbestos, was collected from a building
site at Haw Sung city (Kyung-ki Province, Korea). Asbestos 99%
was collected from reagent ordering. Its capacity was 150 tons of
asbestos containing materials per day. In the melting furnace, raw
materials were burned in the combustion chamber at 1,450-1,550 oC
and the flue gas was cooled through a waste heat boiler and treated

Fig. 1. Flow chart of asbestos process.
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through a spray-dry absorber and baghouse filter.
Raw materials (asbestos containing material) were melted in a

melting furnace (E&E Company, Korea), which used Brown’s gas,
a stoichiometric mixture of atomic and molecular hydrogen and
oxygen [24-26], as a fuel (Fig. 1) and can melt asbestos (5 t/d). Each
batch was of about 100 kg of waste asbestos.

Brown’s gas was generated by a Brown’s gas generator (E&E
Company, Korea) by electrolysis of water (Fig. 2). This generator
produces 300 m3/h of Brown’s gas and each burner consumes 25
m3/h of Brown’s gas. The melting furnace contained three Brown’s
gas burners which were used simultaneously during melting. Each
batch was of about 100 kg of waste asbestos. In case of spread as-
bestos, glass cullet (10 wt%) was used as additive to adjust the basic-
ity of slag and as glass forming material.

The raw material (spread asbestos) and all slags were dried at
110 oC for 24 h. After drying, these were pulverized to a size of <300
um and were screened through a size of 300 um. The chemical com-
positions of these samples were analyzed by X-ray fluorescence
(XRF). To confirm asbestos presence, all raw materials were ex-
amined via energy dispersive X-Ray spectrometer (EDX) and scan-
ning electron microscopy (SEM). The morphology of all the raw ma-
terials and their slags was examined via X-ray diffractometry (XRD),
by using CuK radiation and scanning electron microscopy (SEM).

RESULTS AND DISCUSSION

1. Composition of Raw Materials (Asbestos Containing Mate-
rial)

Raw materials, as received from the building site, were of dif-
ferent colors. The composition of these raw materials is shown in
Table 1. Major components of the spread asbestos were CaO, SiO2,
Al2O3, MgO and K2O; plasterboard asbestos contains CaO, SiO2,
S, and MgO, slate asbestos contains CaO, SiO2, Fe2O3 and MgO,
whereas asbestos 99% contains SiO2, MgO, Fe2O3 and CaO (Table 1).
More volatile components (CaO, K2O) are enriched in spread as-
bestos, plasterboard asbestos, and slate asbestos, while less volatile
compounds (SiO2, Fe2O3, MgO) remain in asbestos 99%. Ratio of
alkaline CaO to acidic SiO2 is known as basicity of these raw ma-
terials. Basicity of spread asbestos, plasterboard asbestos, and slate
asbestos is 1.9, 8.85, and 5.79, respectively, due to large amount of
CaO (57.11 wt%, 75.51 wt%, 71.62 wt%) and that of asbestos 99%
is 0.02 due to SiO2 (42.47 wt%).

2. Presence of Asbestos in the Raw Material
The asbestos presence in spread asbestos, plasterboard asbestos,

slate asbestos, and asbestos 99% (raw materials) is shown in Figs.
3(a), (b), 4(a), (b), 5(a), (b), and 6(a), (b). In raw materials, asbestos
is present as thin and elongated fiber form [27]. Also, all raw ma-
terials except spread asbestos appeared as aggregated structure. As-
bestos 99% observed via SEM appeared thicker and bigger than
other raw materials in the fiber form. All raw materials observed
via EDX are shown in Figs. 3(c), 4(c), 5(c), and 6(c) and contain
the main composition of asbestos fiber. EDX analysis shows that
while spread asbestos, plasterboard asbestos, and slate asbestos con-
tain more Mg, Si, and Ca and less Fe and had tremolite asbestos;
asbestos 99% contains more Mg, Si and less Fe, and was found to
have chrysotile asbestos [27].
3. Disappearance of Asbestos in the Raw Material Slags and
their Morphology 

The improved glassy surface and amorphous nature of the slag
obtained from the vitrification of raw materials slags were further
confirmed from SEM micrographs of slags, shown in Fig. 7, and
their XRD spectra, shown in Fig. 8. In raw material slags, asbestos
fibers disappeared by melting using Brown’s gas. Vitrified slags
have a highly dense aggregation and a tough glassy surface as ob-
served via SEM for all the slags except spread asbestos slag (with
glass cullet), whereas a smooth glassy surface is observed in spread
asbestos slags (with glass cullet). Although the XRD spectra of raw
materials indicate the presence of asbestos crystalline [28], XRD

Fig. 2. Schematics of asbestos-melting system using Brown’s gas.

Table 1. Chemical composition (wt%) of raw materials

Item Spread
asbestos

Plasterboard
asbestos

Slate
asbestos

Asbestos
99%

Glass
cullet

SiO2 29.91 08.53 12.38 42.47 70.54
CaO 57.11 75.51 71.62 01.01 09.50
Al2O3 04.82 00.75 01.12 00.40 00.72
Fe2O3 01.59 02.52 09.96 18.23 00.17
K2O N.D. N.D. N.D. N.D. 00.27
Na2O 00.12 00.11 N.D. N.D. 14.25
MgO 03.72 02.21 02.66 36.62 04.75
P2O5 00.13 00.54 00.34 00.24 N.D.
ZnO N.D. N.D. N.D. N.D. N.D.
CuO N.D. N.D. N.D. N.D. N.D.
MnO 00.41 N.D. 00.64 00.33 N.D.
TiO2 00.89 00.70 00.50 N.D. N.D.
NiO N.D. N.D. N.D. 00.53 N.D.
Y2O3 00.40 N.D. N.D. N.D. N.D.
ZrO2 00.07 N.D. 00.06 N.D. N.D.
Cr2O3 N.D. N.D. N.D. N.D. N.D.
Zn 00.02 N.D. N.D. N.D. N.D.
Sr 00.11 00.18 00.10 N.D. N.D.
Ba 00.17 N.D. N.D. N.D. N.D.
Sn N.D. N.D. N.D. N.D. N.D.
S 00.51 08.87 00.62 00.06 N.D.
Cl 00.03 00.45 N.D. 00.09 N.D.
Sb N.D. N.D. N.D. N.D. N.D.
Basicity* 1.9 08.85 05.79 00.02 0.135

*Basicity=CaO/SiO2; N.D.: not detected; unit: wt%
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Fig. 3. Spread asbestos: (a) SEM photograph (×500) (b) SEM photograph (×10,000) (c) EDX spectrum.

Fig. 4. Plasterboard asbestos: (a) SEM photograph (×500) (b) SEM photograph (×10,000) (c) EDX spectrum.
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Fig. 5. Slate asbestos: (a) SEM photograph (×500) (b) SEM photograph (×10,000) (c) EDX spectrum.

Fig. 6. Asbestos 99%: (a) SEM photograph (×500) (b) SEM photograph (×10,000) (c) EDX spectrum.
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Table 2. The chemical composition of melted spread asbestos

Item Spread asbestos slag
(without glass cullet)

Spread asbestos slag
(with glass cullet)

SiO2 29.99 48.44
CaO 57.22 32.70
Al2O3 01.82 01.37
Fe2O3 02.40 04.33
K2O 00.00 N.D.
Na2O 04.19 00.15
MgO 01.10 01.23
P2O5 00.61 00.52
ZnO N.D. 01.32
CuO N.D. 01.25
MnO 00.94 00.37
TiO2 00.89 00.66
NiO N.D. 00.23
Y2O3 N.D. N.D.
ZrO2 00.25 04.99
Cr2O3 N.D. 00.33
Zn N.D. N.D.
Sr 0.2 00.17
Ba 00.39 01.07
Sn N.D. 00.14
S N.D. N.D.
Cl N.D. N.D.
Sb N.D. 00.26
Basicity* 01.91 00.68

*Basicity=CaO/SiO2; N.D.: not detected; unit: wt%

Fig. 7. SEM photographs of slag of raw materials.

Fig. 8. XRD spectra of raw materials and their slag.
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patterns of vitrified slags confirm that the crystalline structure shifts
to an amorphous structure [29].
4. Effect of Basicity

The melted spread asbestos slag during melting changed its basic-
ity to 1.91, shown in Table 2, and the addition of 3.5% (v/w) of wa-
ter glass to the spread asbestos to make it palletized during melting
changed its basicity to 0.68, because of the increase in its silica con-
tent to 48.44 wt%. Spread asbestos was then melted in a melting
furnace at 1,450-1,550 oC for vitrification. The vitrified spread asbes-
tos was dark gray with a rough surface and seemed to be a less vit-
rified product [30]. It was reported in the literature that CaO acts as
a stabilizing agent and SiO2 acts as a glass former [31], and that the
amorphous or crystalline nature of the slag is dependent on the mass
ratio of the CaO/SiO2 (i.e., the basicity) of the slag [31,32]. Thus, be-
cause spread asbestos slag (without glass cullet) contains only a minor
amount of silica, its melting does not lead to the production of glassy
material [33-36]. Therefore, the effect of the basicity was examined
by the addition of glass cullet to spread asbestos during melting in the
furnace. When adding glass cullet, it was determined that the vitri-
fied products had a glassy surface [33,34]. It was also reported in the
literature that a lower basicity (0.24-1.24) leads to a more amor-
phous glassy matrix during the melting of raw material [29,37,38].

CONCLUSIONS

The vitrification of raw materials at 1,450-1,550 oC was suc-
cessfully performed, for the first time, by using an energy-efficient
Brown’s gas. More volatile components (CaO, K2O) are enriched
in spread asbestos, plasterboard asbestos, anf slate asbestos, while
less volatile compounds (SiO2, Fe2O3, MgO) remain in asbestos 99%.
Basicity of spread asbestos, plasterboard asbestos, slate asbestos,
and asbestos 99% is 1.9, 8.85, 5.79, and 0.02, respectively. Spread
asbestos, plasterboard asbestos, slate asbestos were found to have
more alkalinity and asbestos 99% was found more acidic. SEM and
EDX results revealed that all raw materials had various kinds of as-
bestos fiber. Spread asbestos, plasterboard asbestos, and slate asbes-
tos were found to have tremolite asbestos, whereas asbestos 99%
was having chrysotile asbestos. SEM results of melted slags revealed
that asbestos fibers of raw materials disappeared by melting with
Brown’s gas. XRD patterns of vitrified slags confirmed that the crys-
talline structure shifts to an amorphous structure. Addition of glass
cullet during the melting of spread asbestos leads to a perfect glassy
surface and more amorphous glassy matrix.
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