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Analysis of microstructure for glass-ceramics made of silicate glasses con-
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Abstract Microstructures of free surface and interior of glass-ceramics obtained by heat treating silicate glass specimen
containing electric arc furnace dust (EAF dust) were observed. The crystallization temperature, T, of glassy specimen was
measured around 850°C from the result of different thermal analysis so heat treatment temperature to obtain glass-ceramic
specimen was selected as 950°C for 1 hr. Glass specimens containing 50 wt% dust were amorphous, while glass specimens
containing 70 wt% dust showed spinel crystal peaks in XRD results. In case of glass-ceramic specimens, spinel crystalline
phase was appeared with willemite, and willemite crystal peak intensity increased with increasing dust contents. The
fractured surface of glass specimens containing 50 wt% dust was smooth like mirror surface, but that containing 70 wt%
dust showed spinel crystals of 10 um size in glass matrix. In case of glass-ceramic specimens, ZnO crystal particles of
2~5 um size were produced in free surface and glassy phase, spinel and willemite crystal phases existed in interior. There
were no crystals in glasses containing 50 wt% dust, while glass containing 70 wt% dust had 14 vol% crystals. Crystallinity
of glass-ceramic specimens containing 50 and 70 wt% dust were 19 and 43 %, respectively. When microstructures of glass
and glass-ceramic specimens were observed through SEM after TCLP experiment, glass specimens showed flaking
phenomenon while glass-ceramic specimens showed a slight corrosion evidence without any cracks.
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Z 5 AZRAEAF dust, 0|3t H2E)o] Hrkd FAAA fE ZES §83k9 f8 AW Az, g €4
gt A48 A T ZH 2 7Y WAlFRE BAAT AxE f29 DTA 2423 4R FE(T)E 850°C F
Zo)glon o|2HE FXE L5 F 950°CE A3Ath XRD 2423 H2ET) 50 wi% B0 FEAHS uigd e
ot 70 wt% E7 FEAHE spinel 240l UEtgth ZAYSGA UL spinel B willemite A0l $7 LERH
HAES] H7bgko] F71E4S willemite 240l S718Idth HEES i3] 50 wi%d! FEjAHe] 239 dAntd A
Hol AL o] firng L AE et 70wt A7 ASde §2Ee 2 (glass matrixyel o) 10mm Z71¢]
spinel 2o EA8A ). 2R A Fole AFEH 2~5um 27]9] ZnO FAH JAE] IR, Wi
L 424, spinel 2813 willemite Aol EAISAT. BAET 50 w% A7ME e AAYRIL EAEA ggrot
70 wt% H7F FEA B 14 %2 Aol SASGAY. HAET 50 2 70wt% H7H AAsREAEeY A8stss 7
7+ 19 2 43% o)At AHE AF AHESL TCLP €4 18A7F &2 & SEME 53] mA x2S AL 1 fa
Al Fgo] dAstH o, ARSI A A9 A EAL Ueigoy adL EA A Yt
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Table 1
Compositions of silicate glass frit and EAF dust (wt%)
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3.1. DTA ¥4

Si0, B,0; Na,O CaO

ALO, ZnO K,0 MgO BaO TiO, P,0; Cr,0; MnO Fe,0,

PbO SO, Ig.loss

EAF dust 3.6 - 3.5 50 15 328 25 32
Glass frit 583 6.1 24 10.6 6.7 79 43 08
SD50 31.0 3.0 3.0 78 4.1 204 34 20
SD70 200 1.8 32 67 31 253 3.1 25
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Fig. 1. DTA curve of silicate glass frit and SD70G specimen.
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Fig. 2. XRD result of EAF dust, glass and glass-ceramic
specimens.

3.2. XRD ¥4

TAEA §8] ZeEo HAEES H7KE $ 4831
Azd FAET, o5 FxTsl AR AA3t
fg] Al#Ho| thslkd XRD #4S stz o AAE
Fig. 20 VERASITT.

H2E7F 50wt% 7 fElAlE, SD50GY 739

WI3 10.9mm

2n

Energy V)

©

Fig. 3. SEM image of free surface for (a) SD50X and (b) SD70X. Also EDS result of point A is shown in (c).
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Fig. 4. (a) Fractured surface of SD70X showing free surface at the upper and interior at the bottom part of the picture. (b) Magnified
picture of interior part of SD70X. (c¢) EDS result of point M.
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Fig. 5. Polished surface of glass specimens of (a) SD30G and
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Fig. 6. SEM micrograph of SD50X is shown in (a), and EDS results of point M, S and W are indicated in (b), (¢) and (d) respectively.
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Fig. 7. EDS mapping data of SD50X; (a) SEM image, (b) Si,
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Fig. 8. EDS mapping data of SD70X; (a) SEM image, (b) Si
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(c) Fe, and (d) Zn.
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Fig. 9. Percent degree of crystallization per cut section area of
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Fig. 10. Surface morphology of glass specimens for (a) SD50G
and (b) SD70G after TCLP test for 18 h.
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