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Analysis of microstructure for glass-ceramics made of silicate glasses con-
taining EAF dust
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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 1hr. 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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Table 1
Compositions of silicate glass frit and EAF dust (wt%)
Si0, B,0, Na,0 CaO ALO; ZnO K,0 MgO BaO TiO, P,O; Cr,0, MnO Fe,0, PbO SO, Ig. loss
EAF dust 3.6 - 3.5 50 1.5 328 25 32 - 0.1 03 03 24 246 26 34 142
Glass frit 583 6.1 2.4 10.6 6.7 79 43 038 29 - - - - - - - -
SD50 31.0 3.0 3.0 7.8 4.1 204 34 20 .5 01 01 0.1 1.2 123 1.3 1.7 72

SD70 200 1.8 32 67 3.1 253 3.1 25

09 01 02 02 1.6 172 1.8 24 10.0
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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.
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Fig. 3. SEM image of free surface for (a) SD50X and (b) SD70X. Also EDS result of point A is shown in (c).



230 H.S. Kim and S.G. Kang

APl v sEYEe B, ol5 AGSAZ
SD50X+= spinel} S 2F7ke] willemite(Zn,Si0,) 3=
2 Yeidet. g2EZ 70 wt% H7FE R AE,
SD70GeIA = spinel Aol YoM, o]& 950°C
N 1577 Bt GAEE Sl Alx" A3 7
A, SD70X0= spinel 2747 #uk olUg} willemite
A= A JElgTh tRES] Hrbe] Uil
wEhr AAsE Al willemite ¥ 37} SRS o F
AUtk SD70G Al FEAlR 5 IAEE oFA] &2
ZRIHE= Aol EAs} (c). ol& FH7H HXEd
2= = thFe] Znot Fe A wWFoF ALEEh
= &8A0) Uigt Sl Ao gl HrtEe] HA] B
Sk U7 Zn9} Fe o] ARG AEE ZloE 1B
Si=3

3.3, vAMlxR #E

AzE f2 xHe Aoz 50008 Sl shed
At = AAge] fle AgxHg o] wjiiele A
otk fEAES EXEEtd AxE 443t fele
AMFERA] gk mMltE FREAAE Fig. 39 YERY
Atk H2E o] 50 wt%l A3 AJ#, SD50XE]

749 FEHAA ] B 2~3 um 2719 YRS =AY
THa).

B YA S ERIs] fleted A FEe tigh
EDS #42 3t A3}, 48] Zn 42 3T 4 9
AtHec). H2E gHFo] 70 wt%e]l 243} A, SD70X
o] 739 ZnO YA T 4= 5~7pum= A IS
o] TZETHD).

FHI YiZo] 7 JeRd AAseAe]
WIS Fig. 4(a)e] UERAATH AR
ZnO AAYAZ YA, FH F-9 ol AlA
= el AR dAEe] EaxEe] k. AlE Ul
EukS gk Fig. 4b)s FEshH o] B
ARYPAES] e FElol B F itk B M
of tisle] EDSE wA1sH ARl Fig. 4(c)E HH
J5-S Sj ©]aL Zn, Na, Ca, Fe 5°| 5o U=
o2 Hol TdAA o] ofd FEdS & & 3
o] EAlske AHUAES Fig. 29 XRD A=
FE spinel T willemite 4 oz AETHAS
el A1He] EDS A= Fig. 69 YERA.

Fig. 3 2 4ol #33t nje} o] AAsIFz|A|H
A ZnO ZAAAo] Ho EAlehs AL, HAET} g
FE FEINELS 950°C/15 hE GAgeH g9, tAE

-
L
B o A

S
b AN oot o

v

A R £
gl S
A.;_‘v( L5y’
L3
o

N

/ X2,000 10Um WD 10.1mm

10300 —

Fu n

=

Enurgy ieV)

©

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) SD50G and
(b) SD70G.
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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), (c) and (d) respectively.

(a)
(c)
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Fig. 7. EDS mapping data of SD50X; (a) SEM image, (b) Si, Fig. 8. EDS mapping data of SD70X; (a) SEM image, (b) Si,
(c) Fe, and (d) Zn. (c) Fe, and (d) Zn.
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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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(a) SD50X and (b) SD70X after TCLP test for 18 h.
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