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Abstract: In this paper, the factors directly affecting the production of ceramic materials by melting
control + temperature control condensation injection molding was studied in order to efficiently
utilize the solid waste resources of copper slag in the process of copper pyrometallurgy. The results
show that using directly molten carbon thermal reduction to separate valuable metal iron from
copper slag, and effectively controlling the proportion of components in the slag, would provide the
basic conditions for slag vitrification; temperature-controlled cooling can effectively control the
growth of grain and degree of crystallization in the process of slag condensation. The tempo and
steps of temperature controlled cooling were as follows: firstly, the materials were cooled to
500 °Cat the rate of 1-10 °C/s and maintained for 2 h; the materials were heated to 900 °C at the rate
of 10 °C/min and maintained for 5 h, then along with the furnace temperature, the materials were
cooled to room temperature and made into glass ceramic materials; The structure of the
glass-ceramic materials are compact and smooth, and have a bending strength of 42.5 MPa and a
compressive strength of 165.8 MPa.
Key words: copper slag; carbo thermal reduction; temperature-controlled condensation;
crystallization
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Table 1 The main chemical composition of copper slag(wt%)

Component Cu Fe S Si0, CaO0 MgO  AlLO;

Content Weight
Percent
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Table 2 The elemental composition of a material(wt%)

Component Fe (0] Si CaO Mg Al
Content Weight 1} ¢ 4016 2170 2070 159 531
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1.3 5y # 3Rk

KRB TG-DSC (M5l STA449F3) I 1 3 38 25 M e i Rk ) B 3 1 e A
T B (T) &S Sl (Te)s  BARTTIE R I3 B A Fa BA R BB HLAREE 3 min 24 AR,
B FSEX 15 mg By AL (50 pm BUF)IE DSC 4347, S SERF 5 38 AE AU AR R, RS
SR, FERTHELE SR 10 °C/min, U EETE FEY 30~1500 °Co [, AT X S Eky RAT5H
A ZE MR X Pert PRO MPD)XAE it B4 dAHBEAT T F 5, MHATE Y 10 °2) 90 °, 434
HEN 2 °/min, 35 PCPDF Ay VL s Ay B RAA 52 iR i AH . R ETH A (H
AT TXA-8230)%0 i BEARHEAT T IOWIES M BARTT 200 56 A i DG B3R T 1 mm B
N, WURSE, H S HEORE R TREE R B, SARTESIEMT T . A R AP SR AN
5 FE HOIN 52 71000 1 2% T B S hrdE GB/T 4740-1999 R GB/T 4741-1999, K B 77 g ik 56

WL = 18 CMT4202) 53 33T 1 1 Hs 8 5 AN = i 902 o 5 4



2 HR5TR
2.1 o e g

S PITAS R AS K BRI DSC HhZean & 2 Frow, oA PSRRI AN — AN g . 5
IR FAIE HHILAE 692.2 C(Tg), XAEBAMBIR A T BIEEEAR . 72X BORSHRHET fi ik
PALERS, BT BRI A AR, BEs SRR, R RS, B
NHHIMIE R, @ Z R EMRERE, R BRIy — MR AGE [16] - [17]. 28—
AR AR HHELLE 1360.1 °C(Tm), X2 T BIEIE G R . ET8AELE 875.0 °CINMA I
K, W TERAAHRTEREIER, BOvE Rl — I AT E RSB 2 RS AL
e, ORI R . BItl, 25 IR BEVE B AT B HEAE 850~950 °CTEH A -

4

1360.1 °C

DSC(mW-mg™)

200 400 600 800 1000 1200 1400
Temperature/°C

K 2 358 &5 MBI DSC I 26

Fig. 2 DSC curve of glassy-state materials
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Fig. 3 XRD mapping of samples at different crystallization temperature
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Fig.4 XRD mapping of samples in different crystallization heat treatment time at 900°C
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Fig. 6 microstructure and EDX analysis of sample C

®3IMEM CIERTIEAMF ot EAH B EDX 4 #T (wt%)

Table 3 EDX analysis (wt%) of elemental composition in the selected phases of sample C

Mass fraction/%
Phase -
Mg Al Si Ca Fe
Point 1 53.80 1.52 1.24 43.45
Point 2 58.93 0.66 2.70 17.33 11.27 9.12
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Fig. 7 microstructure and EDX analysis of sample D
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Table 4 EDX analysis (wt%) of elemental composition in the selected phases of sample D

Mass fraction/%
phase -
(¢ Na Mg Al Si Ca Fe
Point1  40.12 038 2527 33.09 1.14
Point2  36.25 1.01 0.65 373 2068 17.10  20.56
Point3  24.97 75.03
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