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THE INFLUENCE RARE EARTH OXIDE ON CRYSTALLIZATION
BEHAVIOR OF GLASS-CERAMICS FROM WASTE
GLASS AND FLY ASH

Fused glasses were prepared from waste window glass and fly ash of the IV
thermal power station of Ulaanbaatar city (Mongolia). Raw mixtures for the glass
consist of waste glass (30-40 wt.%), fly ash (55-65 wt.%), fluorite (5 wt.%). Cerium
(1V) oxide was used (0.5 wt.%) as rare earth oxide additive. Mixtures with and
without rare earth oxide addition were melted at 1500°C temperature. The
influence of cerium (IV) oxide on the crystallization behavior of glass ceramics
were investigated by differential thermal analysis-thermogravimetry and x-ray
diffraction (XRD) analyses.

The differential thermal analysis scan results indicated that the temperature of
sharp exothermic peak appearing at 898°C is increasing to 911°C in rare earth
oxide containing mixture. XRD analysis showed that the crystalline phases in the
glass-ceramic was albite [NaAlSi;Os/.

Keywords: waste glass, fly ash, glass-ceramics, rare earth oxide, differential
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BJIMAHUE PEJKO3EMEJIbBHBIX OKCUJIOB HA KPUCTAJIVIM3ALIUIO
CTEKJISSHHBIX KEPAMUKOB, IIOJIYYEHHbBIX
N3 OKOHHBIX CTEKOJI U JIETYYHUX 30JIb

Inaenennvie cmexnia OvLIA NOAYYEHbI U3 OMXOOHLIX OKOHHBIX CHEKON U
Jemyyux 301, noayueHuwvlx om IV mennosoti snexmpocmanyuu  20poda
Yaaanbaamapa (Moneonus). Hcxoonoe colpve 0151 CmMeKio-Kepamuky COCHoum u3
oxonnoco cmexaa (30-40 eec.%), nemyuux 3omv (55-65 eec.%), garopuma (5
6ec.%). B xauecmee pedxozemenvHblX OKCUO08 UCHOAb308aHbL OKCUO yepus (IV)
(0.5 6ec.%). Cmeco b6e3 npumecu u ¢ npuMecvio pedK03emMenbHblX OKCU008 ObLIu
npokanenvt npu memnepamype 1500°C. Buusnue oxcuda yepus (IV) na xo0
KPUCMALIU3AYYU CIEKTISIHHBIX KepaMUuKo8 UzyueHvl Memooom ouppepenyuanvhor
MePMAnbHOU AHAU3 U PEHMeHOCmpPYKmypHou ouppaxyuu (XRD).

Pesynomamul ouppenyuanvroco mepmuiecko2o ananuza nOKA3vlearom, 4mo
memnepamypa ocmpozo sK3omepmudecko2o nuxa nosensemcs npu 898°C u
yeenuuusaemes 0o 911°C 6 macce codepocaweri pedkozemenvivie OKCUObL.
Penmeenocmpyxmypnoiii ougparxyuonmwiil aHanu3z nokasan, 4mo
kpucmannuueckue gaza anwoum (Na(A1Si;Os) obpasyemces 6 cmekio-kepamuxe.
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Introduction

Recently, the industrial and domestic wastes and their potential impacts on
humans and the environment during management and disposal continue to pose
one of the most challenging problems facing society. Coal fly ash produced in
thermal power plants poses serious environmental problems [1]. Approximately,
over 6 million tons of pulverized coal used in the thermal power stations produced
more than 600,000 tons of coal combustion by-products per year in Ulaanbaatar,
Mongolia. Coal fly ash containing a large amount of CaO, SiO,, and Al,O; can be
good raw materials in the CaO-Al,0;-SiO, system for glass-ceramics production
[2-4]. Preliminary heat treatment of the coal fly ash and waste glass and fluorite
can acquire glass-ceramics production of the various new crystalline phases and
properties [1].

Rare earth containing glasses have attracted a great deal of interest due to their
macroscopically properties such as high mechanical resistance, chemical stability
and heat-resistance [5]. The rare earth ions can participate in the overall bonding of
the glass to tailor the desired properties since their structural roles in the glass
structure are related to their size and coordination number [6]. Kansal et al. has
investigated the influence of different rare earth oxides (La, Nd, Gd and Yb) on the
structure and crystallization behavior of diopside based glasses [7]. Wang et al. has
studied the effects of La,O; and CeO, addition on the crystallization and
transparency of glass-ceramics prepared via heat treatment of glass from the MgO—
Al,03-Si0; system [8].

Glass-ceramics have been generally applied as biomaterials for dental
restoration and orthopedics for bone replacement, coating materials for industrial
dies, chemical processing equipments, and metallurgical industry, and optical
industries [9].

The main aim of this study, is preparation of glass-ceramic from fly ash and
waste glasses during post heat treatment and, effects of adding rare earth oxide on
the crystallization behavior of the fused glasses.

Experimental

2.1. Materials

Baganuur fly ash from the IV thermal power station of Ulaanbaatar city in
Mongolia, window waste glass, fluorite of Dundgovi province were used to
prepare glass-ceramics. As a rare earth source was added cerium (IV) oxide (0.5
wt.%) Chemical composition of the raw materials used in this study is shown in
Table 1.
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Table 1

Chemical composition of raw materials

SlOz A1203 Fe203 CaO Kzo leO MgO NazO P205 others

Baganuur |55.75 [13.82 |10.43 |14.25 [1.325 | 0.41 |[1.675 | 0.22 | 0.06 |2.06
fly ash

Window |67.54 | 1.04 | 1.13 |10.04 | 0.54 |0.09 |3.68 |12.1 |0.04 | 3.8
glass

Fluorite 20.57 | 0.53 0.6 (5342 [0.16 |0.06 |0.67 |0.03 |0.04 [23.92
(CaF,)

2.2. Preparation of milled mixture

The two mixtures (Table 2) of raw materials (moisture content 40-50 wt%)
were milled by using ball mill in water medium for 24 h, in order to homogenize
the powders and dried in a dry oven at 70°C for 24 h. The average particle size of
the mixture was about 75 pm.

Table 2
Composition of the used mixtures
Components (mass %) Sample 1 Sample 2
Baganuur fly ash 55 55
Waste window glass 40 40
Fluorite 5 5
Cerium (IV) oxide - 0.5 (by mass)

2.3. Preparation of glass-ceramics

The samples were melted at 1500°C (Xinyoo, XY-1700) for 4 h at heating rate
of 10°C/min and then poured into cold water. Then were collected, dried in oven at
70°C for 24 h, and then ball milled and sieved to obtain particles with size below
75 pm.

After milling, the 1 g powder sample was pressed into cylindrical shape having
a diameter 10 mm without using any binder (moisture 10 wt.%) under a 20 MPa
pressure (Jinan, WDW-50). The samples were crystallized at 800 and 900°C for 30
min.

Differential thermal analysis (DTA) (Hitachi, TG/DTA 7300), were carried out
in order to determine the crystallization temperature.

The XRD (Shimadzu MAXima X XRD-700) measurements of the melted and
crystallized samples were carried out at the 26-range from 5 to 70° with Cu-Ka
radiation.
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Results and discussions

3.1. Thermal analysis and heat treatment

Fig. 1 shows the differential thermal analyses traces of the prepared glasses with
A sharp exothermic peak due to
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Fig. 1. DTA (a) sample 1 and (b) sample 2.

and without rare earth additive (Ce IV).

crystallization appears in 898°C is increases to 911°C in the rare earth containing

sample.
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Fig. 2. X-ray diffraction patterns of the (a) sample 1 and (b) sample 2 melted at
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Fig. 2 shows that the major crystalline phases qualitatively identified in the both
mixtures. Fig. 2 (a) shows crystalline diffraction peaks due to albite (Na(AISi;O5)
appeared for the both 800°C and 900°C temperatures. The intensity of albite peaks
increases with increasing of the crystallization temperature. Albite high
(Na(AISi;05) phase also appeared for the cerium (IV) oxide added sample
crystallized at 800°C and 900°C for 30 min (fig. 2 (b)). XRD indicates that there is
no difference in terms of mineralogical composition of glass ceramics prepared
with and without cerium addition.

3.3. Micrographs

Fig. 3. Micrograph of the sample 1 and sample 2 (cerium (IV) oxide added)
glass-ceramic crystallized at 800°C for 30 min

Fig. 3 (a) and (b) shows micrographs of polished surfaces of glass ceramics.
The number of pores decreased and content of crystalline phase and its size
increases for cerium (IV) oxide added sample 2 compared to that of sample 1.
Thus, the rare earth oxide improves crystallization behavior of glasses but doesn’t
show influence in mineralogical composition of the crystallized glass-ceramics.

Table 3 shows density and linear shrinkage of the crystallized glass ceramics.

Table 3
Density and linear shrinkage of the prepared glass ceramics
800°C 900°C
Density, Linear Density, Linear
g/em’ shrinkage, % g/em’ shrinkage, %
Sample 1 243 11.54 2.39 11.64
Sample 2 2.48 12.9 2.46 14.3
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Table 3 indicates that the cerium oxide addition improves sintering of the glass
ceramics. At both 800 and 900°C temperatures, those samples with cerium oxide
addition showed better consolidation and in agreement with their micrographs (fig. 3).

Conclusion

Albite containing glass-ceramics were prepared from the melted mixtures of fly
ash, window waste glass and fluorite. The main crystallization of the mixtures with
and without cerium oxide addition occurs at about 900°C. The results indicated that
the albite containing glass-ceramics could be produced from the various wastes
such as fly ash, window waste. The rare earths oxide (CeO,) improves
crystallization rate of the albite (Na(AISi3Og) and sintering of the sample.
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