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1. INTRODUCTIO N

The d evelo pment o f g lass-cera m ics h as ena bled p roducin g mat eria ls wi th
di fferentiat ed m icrostructure: refined grain size, random or ien ta tion , di fferentiat ed
amoun ts of residual amorpho us phase and reduced porosity. Glass-ce ram ics (GC l are
ob ta ine d starting from the meltin g and crysta llization of glasses''! The glass -ce ramics
production p rocess allows producing materials wi th su pe rio r propert ies compared w ith
those made by conven tional processes . Briefly, g lass ceram ic materials could be descr ibed
as crys ta lline materials ge ne ra ted from a glass . The selection of the glass depends on the
possibilities of combin ing its oxide componen ts and on thermodynamic and kine tic
as pects!" .
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Ano the r important cha rac teris tic of glass-ce ramics prod uct ion is the possibili ty of
usin g by-p rod ucts that are d ifficult to inco rpora te in conventiona l processes, suc h as
ind ustri al wastes : steelwork slag, fly and botto m ashes from minera l coa l. The use of
industria l by-p rod ucts can help to so lve env iro nme ntal p roblems and reduce process
costs . An importan t step toward the development of glass-ceramics sta rti ng from bottom
ashes is the use of theori es on crystallization phenomen a, wh ich allow add ing va lue to the
materials that are developed. Ashes have a mar ket val ue four times less than com mercial
minerals, suc h as sa nd or mu llite, and are found in g ranula ted form!", Th is ash presents a
great va ria tion in its ph ysicochemical properties .

Glass -ceram ic materials based on the SiO, - AI,03- Li,O system are cha racter ized as
materi als that have a low thermal expansion coefficient!". The type of crysta lline phase
de pe nd s firstly on the initi al composition, thermal treatment and the nu cleating agents
used . The mos t e fficient nucleati ng agent of thi s sys tem has bee n TiO, or rich ph ases of
TiO,I;I. Its utili zation is ve ry widesprea d, as a result of these properties. Some of the uses
of these materials, can be cited: microwave windows, with low di electric loss; elect rica l
stov e plaques, domesti c and coo king uten sils, w ith low therm al expa nsion coe fficient and
thermal shock resistance, and heat excha ngers 's', The aim of this work is to ob tain
glass-cera mic materials, w ith specific characteristics in the SiO, - AI,Oo- Li,O system, from
coal mineral bo ttom ashes.

This work proposes obta ining and characterizing vitreo us and glass-ce ramics
materials starti ng from bottom ashes of coal m ineral. The sys tem SiO,-A I,O,-Li,O was
used to study the developme nt of the aluminos ilica te lithiu m and virgilite ph ases.

2. EXPERIMENTAL PRO CED URE

Differe ntia l thermal ana lyses (DTA) were ca rried ou t on monolithic g lass sa mples
in orde r to determine glass tran sition temperature (Tg) and crystallization temperat ure
(Tc). Tg an d Tc were used to d efine the heat trea tme n t temperatures. The resu lting
glass-ceramics we re characteri zed by X-ray fluorescen ce (XRF), d ifferential thermal
ana lysis (DTA), d ilatometric ana lys is (DIL), X-ray diffraction (XRD) and sca nning
electron microscopy (SEM).

3. RESULTS AND DI SCUSSI O N

The che mical ana lysis of the bottom ash presents a com position rich in SiO, and
Al,O" favou rable for makin g vitreo us and glass-ceramic materials. The mineralogical
ana lysis of bo tto m ash indicates that the major crysta lline phases are Qua rtz (Si0,l and
Mu llite (3Al,O,.2SiO,). Th is by-p roduct also prese nts the ph ases Mag net ite (Fep) and
Hemat ite (Fe,OJ

The vitreo us mass showed adequa te viscosi ty during melt flowing, producing a
dark glass sam ple. The glass tran sition temperature and crysta llization temperature were
642 "C and 866 "C, respectively.
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Table I summarizes the values of the linear thermal d ilatation coefficie nts of the
g lass and glass-cera m ic material, measured in the inter va l o f 25 to 325 "C (ct" ." ,), among
the vitreous tran sition tempera tures (Tg) and soften ing temperatures (Tw). - -

a, ,,.l", (10 ' -c " l
Tw I"C)
T g ( C l

Glass
30. \

6S6.0
(,42.0

Glass-Ceramics
-23.4
978

Tab /l' 7 - Fnlul':-: t~r fIJI' a ~_; - 3 .';' TS II/ /(i T'ill ( ~,. the glass mid gla,:,s-cLTi1l11ic.

The XRD technique co nfirmed the vitreous s tate of the glass sa m ple obta ined by
quench ing a nd provided the X-ray pattern of the glass sa m ple after heat treatment. The
crys tall ine phases deve loped w e re id en tified as Lithium Alum in osilicat e
(Lix AI, Si,., 0 , - JCPDS 15-527) an d Virg ilite (Lix Alx Si", 0 , -JCPDS 21-503), as ex pec ted
by the SiO,-AIP ,-Li,O phase d iag ra m .

The SEM microg raph shows the tendency to bulk growth of the material, wh ile
crysta llizat ion starting fro m the su rface could not be verified . The well-de fined g rains a re
randomlv di st ribu ted in the resid u al vitreous matrix, w ith a refined mi crostructure
fo rmed by gra ins abou t 1.70 urn in d ia meter. The mi cro structure obtai ned in th is st u dy has
a g ra in size low er than in othe r w orks!". The ten dency to produce spherica l forms o f
g ra ins is in agreement with the literat ure!", In Fig 3b, the m icrostructu re o f the g lass
sa mple trea ted for 10 m inutes at Tc shows high densit y of g ra ins. Th e high crys ta llin ity of
the sa m p les helps improve the mech ani ca l and chem ica l properties; therefo re grain
random di sposit ion influence tenacity and crack propagation!'].

4. CO NCLUS IO N S

The raw materi a l, bottom coal ash , constitu tes an att ractive source of SiO, and Al,O ,
for p rod ucin g vitre o us material s. Eve n though it has a consider ab le iron oxide conten t, it
ca n be proces sed, as it is possibl e to convert th is percen tage in to an acce p table one . Th e
utiliza tion of adequat e add itives with bottom coal ash decrea ses the viscosity of the
mol ten mat er ial and lead s to the obtainment of the desired glass-ce ra m ic phases.
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