32 E AW FEHEERFIR

Volume 32 Number 4 The Chinese Journal of Nonferrous Metals
DOI: 10.11817/j.ysxb.1004.0609.2020-37777

2022 4 4 H
April 2022

KRR 5] ¥R % B
WIBMEEM R R H It RE

OLOFRES, £

(1. BB TRY: W R E M Lm0, BY 650093;
2. BT RY: WME TR REAEF M BE TR0, B 650093;
3. mEWRmARAF, BB 650000)

SMe !, AEALS, NEA, £

T OE: N7 s IR R R I R A T AR R, BT T B R s R TR A
BB & B A RS R 2 . S5 SRR B EIB AR HOL 55 B AR IEVE vh o A I SR ek IR AR
FIAE P AL B, AT P AR T ORI SRR A6 1, P TR VA 0 BB AT 25 A v et e v )
AR SRR . EIEAHNEREIT, bl 1~10 °C/s 74 H HE R0 A 21 2R KGR E 500 C IR IR
2h, FLL10 °C/min (i 28 Fh il 28 fe A AL U B2 900 C I LR S h, BEE Kl H 2 50, T Hil#3
PR B B T PR s ] £ ) R B T P A M P R, BUESREE N IA 42.5 MPa, HUERFEIAF]
165.8 MPa.

REEIE: HUETE; RPGER; fiAE: B
NEHS: 1004-0609(2022)-04-1134-08

FESES: TQ174.9 XRAFRERS: A

SIS S, AR, XU, A5 . A% Rl VA 42 R v R ) 2% B I B A R R LM RR D). MR (B R
i, 2022, 32(4): 1134-1141. DOI: 10.11817/j.ysxb.1004.0609.2020-37777

GAO Peng-wen, HU Jian-hang, LIU Hui-li, et al. Preparation of glass ceramics by temperature-controlled
condensation of molten copper slag and its properties[J]. The Chinese Journal of Nonferrous Metals, 2022, 32(4):
1134-1141. DOI: 10.11817/j.ysxb.1004.0609.2020-37777

A R VR AT Ml R R — R 3 A [ A R FE
Yy, HAHEMNE S, HEiE R RS, f2iE
BAEFE 1 AR 2.2~3 tHVE B EL R 5, 2018

(K=t AR HURGRE = TR EE, T
HRAT A ] A PR S 9 A ORI W] et . A2
AR JUHER, VR SR Tk RS (4

F A E RV HEBCRIT 2000 7 to

b 2%, IX e T S @ K e . Al
. HIRESE . 0 AL-JABRIZEPRIE 5T 1 ) FH 4RV
B R K e B S RN R ek MR BE R R e, SHI
SEIOVRIE 52 T ARV AR K Y AR e P S, AT DAY
R AL B R, A BT ORI, (BRI,
ARAKPAH T B o 11 B 288 g B M Sy — o v B A

B BB, CHTHI RSN, (AR 8
B B e o5 B B P B M AR AR B SR AL

R P s T 1 e S 2 B B B S AN A
FIF 900 Tk R A HER 15 20 K& RE TR (R i s
Rl IR B — LA 1300~1450 C 2], BN T IE Rl
FT 485 15 B A FAAE 1455~1769 kI 22 [8)1SY), i H.4& 2%
T TS B T EE R AL . AT LA S RS

HEWH: ExHRBHAESHAR ST H (U1602272); H 5 B RRHAF G E B H (51966007)

Uis BEA: 2020-07-08; 1&iTHHEA: 2020-08-13

WBIEEE: b, #97, WL, Bi%: 13529295096; E-mail: 781136652@qq.com



BREH4H s, &

R R U % ) % B Pl AR B L

1135

M) HRIE A RO E R, PR ARy s B R b
JERHRTBEYE s WL T e Bk B P R Y AR A
VERIPERE, BA5E 1 FE o A RN AL B T2 261
4 1 HEABIR R0 A ) R A B M e

1 S

AT T FH AR s R v T B P ) 5 B TR B B
B SRR a1 TR .

1.1 KRR

SIEIE BT (R0 B v SR D = m R ) AR A
YRR R I R O AR RURL, 2.7 g/lem’, KL
FEZ104 150~830 um.  7E 5 LK L BE B B R4 75
pm, PR HBEAT A o A, AR 3 A S B
&1,

S BT FH ) CaO BTz T 700 W9 B I S 1) 43 B

1A R E AL R
Table 1 Main chemical composition of copper slag (mass

fraction, %)
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Fig. 1 Schematic diagram of experiment flow chart
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Table 2

fraction, %)

Element composition of material (mass

Fe o Si CaO Mg Al
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Fig. 2 DSC curve of glassy-state materials
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Fig. 3 XRD patterns of samples at different crystallization

temperatures
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Fig. 5 EPMA images of samples at different stages during crystallization heat treatment: (a) Sample without heat treatment;

(b) Samples obtained by water quenching after being heated to 900 C at rate of 10 ‘C/min; (c) Samples obtained by
crystallization at 900 C for 2 h; (d) Samples obtained by crystallization at 900 ‘C for 5 h
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Fig. 6 Microstructure and EDX analysis of sample C
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Table 3 Elemental composition of sample C at point in
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Point Mass fraction/%
No. (0] Mg Al Si Ca Fe
1 53.80 1.52 1.24 4345

2 5893 066 270 1733 11.27 9.12
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Fig. 7 Microstructure and EDX analysis of sample D
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Point Mass fraction/%

No. o Na Mg Al Si Ca Fe
1 40.12 0.38 2527 33.09 1.14
2 36.25 1.01 0.65 3.73 20.68 17.10 20.56
3 24.97 75.03
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Preparation of glass ceramics by temperature-controlled
condensation of molten copper slag and its properties

GAO Peng-wen', HU Jian-hang"-?, LTU Hui-li', WANG Chong’®, LI Dong-bo®, WANG Hua’

(1. Engineering Research Center of Metallurgical Energy Conservation and Emission Reduction,
Ministry of Education, Kunming University of Science and Technology, Kunming 650093, China;
2. National Engineering Research Center for Metallurgical Chemical Energy Conservation and
Environmental Protection Technology, Kunming University of Science and Technology, Kunming 650093, China;

3. Yunnan Copper Co., Ltd., Kunming 650000, China)

Abstract: In this paper, the factors directly affecting the production of ceramic materials by melting control and
temperature control condensation injection molding were studied in order to efficiently utilize the solid waste
resources of copper slag in the process of copper pyrometallurgy. The results show that, directly using molten
carbon thermal reduction to separate the valuable metal iron from copper slag and effectively controlling the
proportion of components in the slag can 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 process of temperature controlled cooling are as follows: firstly, the materials are cooled to
500 °C at the rate of 1-10 °‘C/s and maintained for 2 h; the materials are heated to 900 “C at the rate of 10 ‘C/min
and maintained for 5 h; then, along with the furnace temperature, the materials are cooled to room temperature and
made into glass ceramic materials. The structure of the glass-ceramic materials are compact and smooth, with
bending strength of 42.5 MPa and compressive strength of 165.8 MPa.
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