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Effect of TiO, on crystallization of silicate glass containing EAF dust

H.S. Kim, W.H. Kim, K.D. Kim and S.G. Kang'

Materials Engineering, Kyonggni University, Suwon 442-760, Korea
(Received April 14, 2008)
(Accepted June 13, 2008)

Abstract Microstructure of glass-ceramics obtained by heat treating silicate glass containing 50 wt% electric arc furnace
dust (EAF dust) and nucleation agents were observed. The crystallization temperature, T, of glassy specimen measured
around 850°C from different thermal analysis, so the heat treatment condition to obtain glass-ceramic specimen was selected
as 950°C/15 hr. The nucleation agent, TiO, showed the superior effect on enhancing franklinite crystal growth which has
stronger mechanical properties and more durable chemical resistance than willemite phase. Some specimens contamning TiO,
had the augite crystal phase and increasing TiOQ, amount decreased a fraction of willemite and increased a franklinite.
- Especially, the specimen with 5 wt% TiO, showed no willemite crystal phase and 1~2 um franklinite crystals dispersed
uniformly in glassy matrix. Also, the specimens containing 5 wt% TiO, mixed with Fe,O, showed a dendrite-shaped
franklinite crystals caused by coalescence of small crystallites.
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Fig. 1. DTA/TG curve of G-T1 specimen (A = Glass transition
temperature, T,; ¥ = Crystallization temperature, T.,).

Table 1 |
Compositions of glass frit, EAF dust and specimens (wt%)
Si0, B,0, Na,0 CaO ALO;, ZnO K,0 MgO BaO TiO, P,0; Cr,0, MnO Fe,0; PbO SO, Ig.loss
Dust 3.6 - 3.5 50 1.5 328 25 32 - 01 03 03 24 246 26 34 142
Frit 583 6.1 24 106 6.7 79 43 08 29 - - - - - - - -
G-TO* 310 31 3.0 78 4.1 204 34 20 15 01 02 02 1.2 123 13 1.7 7.1
G-Tl1 306 30 29 77 41 200 34 20 14 10 01 0.1 1.2 122 13 1.7 7.0
G-T3 300 30 29 76 40 198 33 19 14 30 01 0.1 1.2 119 13 17 69
G-T5 295 29 28 74 39 194 32 19 14 48 01 0.1 1.1 11.7 12 16 6.8

*G = glass; T = TiO,; the rear number = weight % TiO,.
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Table 2

Properties of generable oxide crystal phases from a batch composing of major elements, Zn, Fe, Si and Ca

Mineral name Composition Crystal structure

Specific gravity Mohs hardness Chemical durability

Franklinite  (Zn,Fe’"Fe,0, Isometric-hexoctahedral 5.1 6 - insoluble n dilute acid and alkali
- soluble in concentrated HCI

Willemite Zn,S10, Trigonal-thombohedral 4.1 5.5 - soluble in acid

Diopside CaMgSi,O, Monoclinic 3.4 6 - insoluble in HCI

Augite (Ca,Na)(Mg,Fe, Al)(S1,Al),Oq 6.5

Pigeonnite (Mg, Fe’",Ca)(Mg,Fe™")S1,0, 6
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Fig. 2. XRD patterns of the glass-ceramics containing various
Fe,O, content. For the specimen ID, the G = glass, X = glass-
ceramics, F =Fe,0; and the rear number = weight % Fe,O,.
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Fig. 3. XRD patterns of the glass-ceramics containing various
Cr,0O, content. For the specimen ID, the G=glass, X = glass-
ceramics, C = Cr,O; and the rear number = weight % Cr,0,.
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Fig. 4. XRD patterns of the glass-ceramics containing various
TiO, content. For the specimen ID, the G =glass, X = glass-
ceramics, T = TiO, and the rear number = weight % TiO,.
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Fig. 5. Microstructure of the polished surface for X-T1.
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Fig. 6. EDS results of the X-T1 shown in Fig. 5; (a) part M, (b) part A. (¢) part W and (d) part F.
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Fig. 7. Microstructure of the polished surface for glass-ceramics containing various TiO, content; (a) X-T0, (b) X-T1, (¢) X-T3 and
(d) X-T5.
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Fig. 8. Microstructure of the polished surface glass-ceramics containing two nucleation agents, TiO, and Fe,O;; (a) X-T5F1 and
(d) X-TSF5.
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Fig. 9. Element mapping results of the X-T5F5; (a) SEM image, (b) Si, (¢) Ca, (d) Ti, (e) Fe and (f) Zn.
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