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1. Introduction

Asbestos minerals have been used for a number of appli-
cations due to their excellent physical properties that include 
non–� ammability, high tensile strength, heat and electrical 
insulation and resistance to chemical and biological attack. 
They were widely used as components of buildings and mate-
rials including insulations, acoustic and thermal sprays, pipe 
and boiler wraps, plasters paints, � ooring products, roo� ng 
materials, and cementitious products [1–4].

The word „asbestos” refers to several types of � brous 
minerals. There are many different types of asbestos � bres, 
divided into two main categories: amphibole and serpentine 
asbestos. The group of serpentine includes only chrysotile. 
Others belong to the group of amphiboles; they are: crocido-
lite, amosite, tremolite, antophylite, and actinolite. Chrysotile 
(white asbestos), crocidolite (blue asbestos) and amosite 
(brown asbestos) have the widest industrial applications [1, 
5, 6]. The evidence concerning the asbestos carcinogenicity 
began to accumulate in the sixties. The � rst ban on the use 
of the material started in eighties. Asbestos is considered to 
be extremely hazardous for people, causes lung diseases, 
like asbestosis or lung cancer [1, 5–11].

The tendency to limit the use of asbestos appeared in 
Poland several years ago. At present there is one method of 
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depositing asbestos containing products. Asbestos products 
and asbestos wastes are packed into polyethylene foil bags 
and stored in special stockyards designated for dangerous 
wastes [2, 3]. 

However, such a procedure does not represent a � nal 
solution of the problem of disposal of asbestos wastes.

1.1. Methods of rendering asbestos and the 
asbestos containing materials harmless

In the UE countries the regulations of the asbestos wastes 
recycling are obligatory in order to reduce their hazardous 
in� uence on the environment. 

The professional literature presents a number of ways, 
mainly the patented ones that concern the utilization and 
neutralization of asbestos and the asbestos products. Most 
literature reports concerning both the basic research as well 
as the utilitarian one, concern the chemical treatment of 
the waste, where the compounds from the serpentine and 
amphiboles group are decomposed using strong bases and 
inorganic as well as organic acids [12].

One of the patents presents treating asbestos with 
a concentrated solution of NaOH in a reactor – autoclave at 
175-200°C and under the pressure of 0.3 to 1.0 MPa. The 
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waste obtained after the decomposition may be utilized for 
the production of cement [13].

A lot of literature reports concern the destruction of as-
bestos using strong inorganic acids (for example sulphuric 
acid) and various organic acids [14–17]. The next method 
[18] consists of treatment with acid in the presence of the 
� uorine ions. The secondary products of utilization, emitted 
in a solid form are then utilized as � llers in the production of 
the � reproof materials or in the building industry. 

A new method elaborated in [12] consist in the digestion 
of the asbestos wastes in a strongly acidic environment of 
the phosphoric acid. After the neutralization with calcium hy-
droxide or calcium carbonate the solution can be processed 
to phosphate fodders or to phosphate fertilizers and silica 
which will be examined in respect to its potential application 
as an active material or a � ller in the building and the plastic 
industries. 

Other suggested methods to render harmless toxic 
asbestos materials are: mechanochemical treatment [19], 
vitri� cation [20, 21] as well as thermal treatment and recy-
cling in the clinker burning process and traditional ceramics 
(refractories and building materials).

Chrysotile asbestos was the subject of present paper 
which was supplied to the chlorine industry. 

We describe the recycling of thermally treated asbestos 
as a raw material for the production of sintered ceramics 
(stoneware).

2. Experimental

During the � rst stage of investigation the changes pro-
ceeding at temperatures up to 1000ºC for asbestos � bres 
were determined. The testing methods applied: 
– differential thermal analysis (DTA) and thermogravimetry 

(TG, DTG),
– X–ray diffraction phase analysis (XRD),
scanning electron microscopy (SEM).
– DTA, TG and DTG, were performed using a Paulik-

Paulik-Erdey (MOM, Hungary) type derivatograph within 
the range of temperature 20-1000°C. The conditions: air 
atmosphere, heating rate 10 Kmin-1, alumina crucible, 
mass of sample 500 mg, Al2O3 as the reference material. 
X–ray powder diffraction analysis of the examined 

samples was carried out using a XRD–3003TT type X–ray 
diffractometer (Seifert), equipped with a copper anode gen-
erating Ni – � ltered CuK� radiation. ICDD � les were used to 
identify the crystalline phases. 

The microstructure of samples was examined by scan-
ning electron microscope (Tesla BS 340, the Czech Republic 
and Hitachi S-3400N).

The aim of second the stage was the examination of the 
possibilities of using asbestos calcinated at 700ºC (soaking 
time at this temperature was 3 h) for the manufacture of 
sintered ceramics. Standard mixtures for stoneware were 
prepared, i.e., calcinated asbestos or quartz sand (the com-
ponent which reduces shrinkage) was mixed with “Zapniów” 
clay (plastic component) and “Strzeblów” feldspar – quartz 
material (� ux). The mixtures were homogenized in a ball – 
mill for 40 min. The composition of mixture of raw materials: 
clay – 60 mass.%, calcinated asbestos or quartz sand – 
30 mass.%, feldspar – 10 mass.%. There were raw materials 

differing in grain size, � rst with the grain size 0.2–1 mm and 
the second: < 0.2 mm. In the second case calcined asbestos 
was subjected to short – time (30 min) homogenisation in 
a laboratory vibration mill. The green compacts of 30 mm 
in diameter and about 30 mm in height (8–10 % of water, 
uniaxial pressing of 40 MPa) were � red at 1150, 1200 and 
1250ºC for 1 h. Linear shrinkage, water absorption, open 
porosity, apparent density and compressive strength were 
measured on representative samples, following standard 
laboratory procedures. Microstructure was also observed 
via SEM. 

3. Results and discussion

Within the range of temperatures from 600 to 800ºC 
chrysotile Mg3(Si2O5)(OH)4, loses its chemically bonded 
water (endothermic peak with a minimum at 710ºC on DTA). 
Crystallization of forsterite Mg2SiO4 is observed on DTA curve 
as an exothermic peak of Tmax = 840ºC (Fig. 1). The pres-
ence of forsterite has been con� rmed by X–ray analysis of 
calcined asbestos (Fig. 3). 

SEM image of natural chrysotile asbestos (Fig. 4) shows 
the typical bundle of long chrysotile � bres. As a result of 
calcination at 700ºC for 3 h the � bres are converted into 
strips of forsterite of various sizes (Fig. 5). Homogenization 
in a vibration mill generated the material of a more uniform 
size (Fig. 6).

The use of calcined asbestos, as a non plastic component 
of ceramic mass, instead of quartz sand,  has decreased 
sintering temperature of ceramics and caused that more 
dense bodies were obtained (Tables 1 and 2). Microstructure 
of chosen ceramic samples is presented in Figs. 7 and 8.

The best results were obtained when the samples con-
taining calcinated asbestos were sintered at 1200ºC, and 
grain size of raw materials was below 0.2 mm: high com-
pressive strength equal to 145 MPa, low water absorption 
and open porosity equal to 1.7 % and 7.9 %, respectively 

Fig. 1. DTA, TG and DTG curves for chrysotile asbestos.
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(Table 2). Water absorption is one of the most important 
parameters to determine the technical properties of ceramic 
products. Water absorption and open porosity provide an 
immediate indication of the sintering degree of the material. 
An example of properties which depend on the porosity is 
constituted by mechanical resistance. Linear shrinkage is 
related to the compactness resulting from the degree of 
sintering and development of a glassy phase during � ring. 
A consequence of a high temperature � ring process is that 
material undergoes considerable shrinkage (10.4 %, Table 
2). Increase of sintering temperature from 1200 to 1250°C 
causes worsening of properties of ceramic samples contain-
ing calcined asbestos. The samples have expanded what 
resulted in the increase of open porosity and water absorp-

Table 1. Physical properties of test ceramic products (grain size of raw materials: 0.2–1 mm).

Ceramic mass with quartz sand Ceramic mass with calcined asbestos

Calcination temperature [ºC] 1150 1200 1250 1150 1200 1250

Linear shrinkage [%] 0.1 0.6 1.8 6.4 7.0 6.0

Water absorption [%] 8.9 7.5 6.6 9.3 5.1 7.4

Open porosity [%] 19.4 16.4 14.7 20.5 11.9 16.0

Apparent density [g/cm3] 2.13 2.20 2.22 2.19 2.30 1.83

Compressive strength [MPa] 50 63 83 60 79 17

Table 2. Physical properties of test ceramic products (grain size of 
raw materials < 0.2 mm).

Ceramic mass 
with quartz 

sand

Ceramic mass 
with calcined 

asbestos

Calcination temperature [ºC] 1150 1200 1150 1200

Linear shrinkage [%] 0.4 0.9 8.1 10.4

Water absorption [%] 9.6 8.1 7.9 1.7

Open porosity [%] 20.6 17.9 17.8 3.9

Apparent density [g/cm3] 2.08 2.15 2.24 2.39

Compressive strength [MPa] 39 77 91 145

Fig. 2. XRD pro� le of chrysotile asbestos. 

Fig. 3. XRD pro� le of chrysotile asbestos calcined at a temperature 
of 700ºC (forsterite).

Fig. 4. SEM image of chrysotile asbestos.

Fig. 5. SEM image of chrysotile asbestos after heating at 700ºC, 
transformation into forsterite.
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tion and the decrease of apparent density and compressive 
strength (Table 1). 

4.Conclusions

As a result of chrysotile asbestos calcination at 700ºC its 
microstructure changes, i.e., chrysotile � bres, are converted 
into forsterite strips. Forsterite is harmless magnesium sili-
cate. On the basis of preliminary results it may be suggested 

that calcined chrysotile asbestos can be used as one of raw 
materials for the production of sintered ceramics (stoneware), 
substituting quartz sand. Despite of high energy consump-
tion, the thermal decomposition method could be applied 
instead of storage and can enable recycling asbestos wastes.

References

[1] Masiuk S., Masiuk M.: „Azbest – dobre i z�e oblicze”, Ekoplast, 
13, (1998), 5-19.

[2] Dyczek J.: „Eksploatacja i usuwanie wyrobów zawieraj�cych 
azbest”, Materia�y Budowlane, 11, (2006), 46-48.

[3] Pyssa J., Rokita G.M.: „Azbest - wyst�powanie, wykorzystanie 
i sposób post�powania z odpadami azbestowymi”, Gospo-
darka Surowcami Mineralnymi, 31, (2007), 49-61.

[4] Harris L.V., Kahw I. A.: „Asbestos: old foe in 21st century de-
veloping countries”, Sci. Total Environ., 307, (2003), 1-9.

[5] Korona L., Zamorska H.: „Zagro�enia zwi�zane z obecno�ci� 
azbestu w wyrobach budowlanych”, Ekologia i Technika, 10, 
(2002), 178-184.

[6] Thompson S.K., Mason E.: Asbestos: Mineral and � bers, 
Chemical Health & Safety, Division of Chemical Health & 
Safety of the American Chemical Society. Elsevier Science 
Inc., (2002), 21-23.

[7] Czekaj A., Dyczek J.: „Korozja wyrobów azbestowo–cemen-
towych i wynikaj�ce z niej ryzyko emisji azbestu”, Cement 
Wapno Beton, 69, 7, (2002), 270-275.

[8] Wi�cek E.: „Nara�enie i skutki zdrowotne”, Bezpiecze
stwo 
Pracy, 2, (2004), 2-6.

Fig. 6. SEM image of chrysotile asbestos after calcination at 700°C 
and milling in a vibration mill. a)

b)

Fig. 8. SEM image of fracture of ceramics (based on calcinated 
asbestos; grain size of raw materials < 0.2 mm) sintered at 1200°C: 
a) mag. x 200; b) mag. x 1000.

a)

b)

Fig. 7. SEM image of fracture ceramics (based on calcinated asbes-
tos; grain size of raw materials < 0.2 mm) sintered at: a) 1150°C, 
b) 1200°C.



84     MATERIA£Y CERAMICZNE /CERAMIC MATERIALS/, 63, 1, (2011)

T. ZAREMBA, A. KRZ�KAA, J. PIOTROWSKI, D. GARCZORZ

[9] Quinlan T.R., BeruBe K.A., Hacker M.P., Taatjes D.J., Timblin 
C.R., Goldberg J., et al.: „Mechanisms of asbestos–induced 
nitric oxide production by rat alveolar macrophages in inhala-
tion and in vitro models”, Free Radical Biol. Med., 24, (1998), 
778-788.

[10] Demirogiu H.: „Hazard of white asbestos”, The Lancet, 352, 
(1998), 322.

[11] Langer A.M.: „Reduction of the biological potential of chrysotile 
asbestos arising from conditions of service on brake pads”, 
Regul. Toxicol. Pharm., 38, (2003), 71-77.

[12] Tre� er B., Pawe�czyk A., Nowak M.: „The waste free method 
of utilizing asbestos and the products containing asbestos”, 
Pol. J. Chem. Tech., 6, (2004), 60-63.

[13] Debailleul G.: Process for the treatment of waste containing 
asbestos, Pat. USA No 6391271, 21.05.2002.

[14] Chou S.: Asbestos decomposition, Pat. USA No 4818143, 
4.04.1989.

[15] Mirick W.: Method for treating asbestos, Pat. USA No 5041277, 
20.08.1991.

[16] Habaue S., Hirasa T., Akagi Y., Yamashita K., Kajiwara M.: 
„Synthesis and property of silicone polymer form chrysotile as-
bestos by acid – leaching and silylation”, J. Inorg. Organomet. 
Polym. Mater., 16, (2006), 155-160.

[17] Turci F., Tomatis M., Mantegna S., Cravotto G., Fubini B.: „The 
combination of oxalic acid with power ultrasound fully degrades 
chrysotile asbestos � bres” J. Environ. Monit., 9, (2007), 1064-
1066.

[18] Mirick W., Forrister W.: Products for treating asbestos, Pat. 
USA No 5258131, 2.11.1993.

[19] Plescia P., et al.: „Mechanochemical treatment to recycling 
asbestos–containing waste, Waste Manage., 23, (2003), 209-
218.

[20] Klimas K.: „Plazmowa likwidacja odpadów azbestowych”, 
Przegl�d Geologiczny, 46, (1998), 1235.

[21] Cedzy
ska K., Ko�aci
ski Z., Sroczy
ski W.: „Przekszta�canie 
materia�ów azbestowych w materia� przyjazny �rodowisku”, 
Zeszyty Naukowe Pol. �l., „Chemia”, 142, (2001), 9-14.

[22] Ambrosius S., Gundlach H., Kieser,: J. Thermische Verwertung 
von zementge – bundenen Asbestprodukten in Zementöfen, 
ZGK International, 49, 8, (1996), 444-452.

[23] Gualtieri A.F., Tartaglia A.: „Thermal decomposition of asbestos 
and recycling in traditional ceramics”, J. Eur. Ceram. Soc., 20, 
(2000), 1409-1418.

[24] Pi�at J., Zieli
ska A.: „Metody utylizacji wyrobów zawieraj�cych 
azbest”, Materia�y Budowlane, 11, (2006), 49-51.

[25] Leonelli C., Veronesi P., Boccaccini D.N.,. Rivasi M.R, Bar-
bieri L., Andreola F., Lancellotti I., Rabitti D., Pellacani G.C.: 
„Microwave thermal inertisation of asbestos containing waste 
and its recycling in traditional ceramics”, J. Hazard. Mater. B, 
135, (2006), 149-155.

[26] Zaremba T., et al.: Produkt termicznego rozk�adu azbestu jako 
surowiec do wytwarzania materia�ów ogniotrwa�ych wi�zanych 
chemicznie. Sustainable Mineral Supply for Europe from Waste 
to Resources. Ed. by Kude�ko, J., Kulczycka, J. & Wirth, H. 
IGSMiE PAN, Kraków, (2007), 214-226.

[27] Boccaccini D.N., Leonelli C., Rivasi M.R., Romagnoli M., 
Veronesi P., Pellacani G.C., Boccaccini A.R.: „Recycling of 
microwave   inertised asbestos containing waste in refractory 
materials”, J. Eur. Ceram. Soc., 27, (2007), 1855-1858.

[28] Zaremba T., Peszko, M.: „Investigation of the thermal modi� ca-
tion of asbestos wastes for potential use in ceramic formula-
tion”, J. Therm. Anal. Cal., 92, (2008), 873-877.

[29] Gualtieri A.F., Gualtieri M., Tonelli M.: „In situ ESEM study of 
the thermal decomposition of chrysotile asbestos in view of 
safe recycling of the transformation product”, J. Hazard. Mater., 
156, (2008), 206-266.

�

Received 1 March 2010; accepted 8 May 2010


