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S X3 3 I R4S It S R R TR L A Table 1 'Composition of waste residues % (5T 73-45)
UL R AN B A e oy, AR ISR 1. oy BHRR i alls
A S5 Hh AR FE A R OK 90%,  H PRy Si0, ¢ 22.59 37.76
B 5 A 85 I 1 R L A9l 559%0~65% ALO; ¥.18 391 13.16
15%~25%, il i 09 R AN 09%~25% . FoAb A Ca0 1153 241 3.68
T 2 256 BE 7 R o R A B8P . CaO, MgO MgO 3.3 0.68 23.10
FIRRDAN ST, SEER M TT S RE A 2 5 Q3% 2 s . Fe0; 10.83 66.36 637

B 3 TP ST Y # ICO7 BT LB FRE, S 160 1.23 067 0-20
Jin— 5 Ho ) i A7 BEED . CaO . MgO R b 4P Ne:0 0.56 0.69 035
F, WA b RRSRAWHEER T 2O - 100 005
3 P AE S gl A L 1500 °C 453 3 h, B A Cr,0, — — 2.90
s BB AR AR L P iU, FRAE 650 °C IR At 1.00 1.69 241

R®2 EMEBHNEIELFERS

Table 2 The main chemical composition of glasses

FEA S BB g SN Bl /g NEANETINR /g SIOMNINT /g CaOTRMF /g MgOUNNFitt/g B0t /g

Cco 126.72 0 31.68 8.25 9.9 1.65 9.90
C5 120.37 10.00 30.10 7.84 9.41 1.57 9.41
Cl15 107.69 30.00 26.93 7.01 8.41 1.40 8.41
C25 94.98 50.00 23.76 6.19 7.43 1.23 7.43

K A he /Dt U W BE T ARV K il a5 K R, R H 25 8 H 4 i % (Differential scanning
calorimeter, DSC) i & % B 9 A ) 22 S8 . A SEI SR H 2.45 GHz TS AE 1~4 Kw By 58 v 0B AH 38 535 By
ARFAAD B Bl A B 95 R — 2 B AkTE . S5 DSC 4K RE AR BE 3 LA 3 °Comin' T £ 860 °C Jf:
PRI 1 h 28 T B S A o
1.2 75N

K H DSC 22 /R FHHi it I AY (STA 449F3, it , 78 ) XF 7K P A7 00, A5 ol o 38 88 1) 3%
TSR B (T,) FBT SR (T) 5 AU Y, THE ARy 5 °Comin'; 10RE I 20 I B2 Y0 Rl
20~1 200 °C,
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ik X GPEAT ST (X-ray diffraction, XRD) 43 #T{¥ (Rigku XRD MiniFlex, H 4%) iz SR 15 34 s 35 55
B A AH MG S s Cu BEUE X BTZR, HH5a Rl 10°~90°,

| FH AR B 21 7P 3% (Fourier transform infrared, FTIR) /Y (Invenio, 7€ oe, & [E) Mlik4k 75 £ 4H
53 5 T A B S TE 400~4 000 em ™' Y LT AR IS

i o 3 & S A R B (Scanning electron microscope, SEM) (SuppraS5, #5H], fE[E) fE WK
H, AR AR X WL B R4S T B B A TOW I 30, O R FH BB 1A AR A Tt 3 B A it JT 38 A
2 HBRE51R
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Table 3  Stability characteristics of glass

/1 . R/ C Co Cs CI5 C25

JelFEAR IR T RS — 2. BT ETE | 45 . w0 ol = oos

A il 5 B M 2 R A A O, B M 4 K Tg s 53 a5 w0
B LR MR L I EL R B AT ‘

AT 183 176 190 198

HEM S Hit, & Fe & T LA [FeOy)
T SR B3 0 4 il P, 1 21 Fe B F LA [FeO,] XF B I UEAT /NN, B B o Mk S RRAIK S 34 Jm
22 EEBBSEMS R

PEI S A AT N 5 B S Y 28 25 R UIAE OG DRI SR FH L AR 63 40 B T AN TRLRE s 1) 3% 365 I 2%
gy, HZERME 2 . WNE 2 TIEH, 5863% BoR 3 4 H RS AR 7, 430~560 cm™
600~760 cm ' 1 730~1 200 cm™', 4R T Si-O-Si. Si(T)-O % 1425 iy 7% 3 F1 3% 388 1 4% Q" 45 44 BT
(T FR AR A5 4 3l . il 2 R 0 B A B N B 25% B, 7E 580 em ! K 1 S S B W, AR 2 Fe-
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Fig. 2 Infrared spectra of annealed glass
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Fig. 3 Deconvolution diagram of Q" structural units
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Table 4 Q"content and DOP calculation results

BEfgis Q%% QY% QY% QY% QY% DOP R?

Co 11.25 13.67 17.16 4443 1349 165 0.996
Cs 1493 1391 2291 4263 562 1.89 0.9%
C15 6.92  9.62 17.12 4492 1937 1.40 0.994
C25 770 8.66 19.16 48.06 1846 1.39 0.996
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Fig. 4 XRD patterns of slag glass ceramics
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Fig. 5 Microstructure diagram of different slag glass-ceramic samples
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Fig. 7 Morphology and heavy metal distribution characteristics of spinel in different glass-ceramic samples
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Fig. 8 The model of ion migration of heavy metal ions in glass ceramics
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XU Wence', CAO Zhao', MA Rui?, WU Nannan®’, OUYANG Shunli**

1. Mining Research Institute of Inner Mongolia University of Science and Technology, Baotou 014010, China; 2. School of
Material and Metallurgy, Inner Mongolia University of Science & Technology, Baotou 014010, China; 3. Guangzhou Maritime
University, Guangzhou 510725, China

*Corresponding author, E-mail: ouyangshunli01@163.com

Abstract Taking the fly ash and the slag of the stainless steel, the copper slag as raw materials, slag glass-
ceramics was prepared through the combination of the method of casting and microwave heating, and the
purpose of the paper was to study on the crystallization characteristics and the migration law for heavy metal
existed in glass-ceramics made of slag by the addition of copper slag(Fe,O;). The results showed that Fe,O, in
copper slag had a regulatory effect on glass-ceramics crystallization while the addition of 5% copper slag would
forward augite crystallization. Howeyer, over 15% that would lead to the crystallization of magnetite, and augite
crystallization would be inhibited: The heavy metals Zn, Mn and Cr ions in the slag of the stainless steel and the
copper slag would be transferred by migration into spinel during the glass crystallization process, while the
spinel provides nucleation points for augite, which would induce the crystallization on epitaxial spinel for augite.
Thru augite wrapping of the spinel to form a core-shell structure in slag glass-ceramics, it would lead to an
effective curing of the heavy metal cation. The results of this study can provide a reference for highly preparing
of the slag glass-ceramics and the curing for heavy metal from a variety of solid wastes.

Keywords ~ Slag glass-ceramics; Microwave treatment; Augite; Spinel; Heavy metal curing
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