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T A A 11 P52 L B SR AR SRk il 2 52 AT A4 Rt
50, IR FR LB L, REIRTE IS B
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1.1 EmERFNZ&E

S BT FH A s A B E VLSRR R e 4R
B, FERA R E e TP R R R
e AL, SRR TS A, EE RS
225 FRHL A1 A T R R R PR FRA F], ALO,
TR 43 = T0%; 554 W IS T RRAZ I T Kbt
AIRAF, ALO, BT 350> 44%; =l LI H ) /R
AR BRA ], ALO, B $=>40%; 1 R
F BRI I, ST N KR BR A F o

x1 FEEEV EEMSF(UELDIT)
Tablel Main content of copper smelting slag ( %,

calculated as oxide )

Hoy Fe,0,  SiO, ALO,  ZnO Ca0 K,O
B 5430 30.60  6.64 2.18 1.61 1.37

x2 EeREEEMSE(UELDIT)
Table 2 Main content of waste high-alumina bricks ( %,

calculated as oxide )

25y ALO,  SiO, Fe,0,  TiO, P,0, K,0
T 66.00 2290 455 2.90 1.05 0.83

SO BT AR A AL i 2 200 ¢ 32 58 FE AILOEE
[ERENSY N E SN S/NEI DN IR 8- P QN
Yamato A ) ). = B 4E 0 (A HE TR 6Ll 7 R
NCIDE
1.2 LBLR

T, i R 3 S Ty R R R, AR
55 B FHJECREH 1~3 mm (30%). 0~1 mm (40%) F/N
F0.074 mm(200 H) A9 4083 (30% ) 4. Horp, 4

RS LN 0.074 mm(200 H) B9 40898 G0
J e L LL/INT 0.074 mm (200 H ) A4 22 0~1 mm
WORIE AN 5 5T AT 0~1 mm PRI R AN 47
AL/ 0.074 mm(200 H ) (92085 . 0~1 mm ik
K 1~3 mm PORIE A5 mls L 58RI LU/
F0.074 mm(200 H) W40k E R0, JFRHR &
JEIMA T RIS ZEEE AR, AR AR EA
WRAN AL rh, fiff HISE 5% R AILAE 120 MPa & J7 T Heifil
J8 36 mm x 36 mm [EFEFE G (TR 5 T AR PERE
D). 36 mm x 50 mm [EIATAE i (HE iy 2 5 fb Tk 8
), PR 1 min AR, Rl 5K R M L 0% 26 BRI ACHE
A, LL110 CHET 24 he METR, BERES A IR
Pegipp, 1E2 S B LS Clmin B THELE R
HETFHZE 940 °C, PAHE3 h, FELAS C/min () FHE R
FEE 1300 C, fRIE3 h, BEJSBEW R 2 %005
A THERRI

®3 IWHMEHTE

Table 3 Formula table ( %, mass fraction )

Feih HOEREST PEAEE BEa ML et BRK
1 30 20 0 45 5 0
2 20 30 0 45 5 0
3 20 20 0 45 5 10
4 10 40 0 40 10 0
5 10 30 10 40 10 0

1.3 WX 5 R

K X SHEATEHML(XRD ) X4l s a7 U Al
B IRE L HEAT SR AR BT, SR FH ARG - BTk 16 FH (TG-
MS) X4 5 R4 FEbe 2 it Bt vh i Ak 2 M R E A T 2%
fF, 2% [EFR GBIT 2997— 2015 XHAE 5 14 B < L%
FARR % BE AT 3R AE . R iR A7 22 Ak R I
BSOS i 14 0.2 MPa iy 51 45Cf0 I B2 AT L5 R
FHT BER IS AU i BT R B EA 00, A ST
PR MM T R RS S 3R, i
FHMIAZE 1100 C, PRI 30 min, BEJEFHPHGHEE
ai, A B R K D 28 s FERES 2 e A
HAE DL FEAE 3G S AT sRI S LI i AR
PEIR 3R Z S5 FE b BPTEIR B, DAPT R 3 AR 4R
R FAEAE S TR PERE
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Fig. 1 XRD pattern of copper smelting slag
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Fig. 2 Copper smelting slag sample after sintering at

1300 °Cfor3h
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Fig. 3 (a) TG curve of copper smelting slag in air atmosphere; (b) TG-MS analysis in N, atmosphere
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Fig. 4 XRD patterns of copper smelting slag heat-treated at

different temperatures
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Fig. 5 (a)Bulk density and (b) apparent porosity of multi-phase refractory materials
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Fig. 6  Compressive strength of multi-phase refractory materials
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at room temperature and after thermal shock
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Table 4 Refractoriness of multi-phase refractory materials
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i [ RE A R, 5 ORISR ) 80% , S#HE i
FroRih 5 88% ., SAHMN AR, it A $R ALY
Fe,0, 0 5 1 565 °C, i = iRk T i I £ Fn sk
A1 AR AR R 2 050, 1 850 “C, i & AR T
BA 0167 E A TR E 5 P v S e O S I o B TR R O
A, TR A e R B T 3 TR R BE N 2 A=
FAAE = A AR R AR AL, BT DA Bk i A T KR Rt —
TR RE R 22, X BE S A B AR I 5 rh R A
Tiif R BT IR P BE R B PR FE R ) 5 iE R0k
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JE 14195 58 AR A BT B GR M . AR5
HP R R AR VSO A e R 1 44, S#AE TR B B B
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R 1# 24 3# 44 54
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P 7 SAHT KR SEM R : (a) 4#FEH 200455 (b) S#FER 200655 (o) 4#FEdh 100045 (d) S#FEA 1000
Fig. 7 SEM images of multi-phase refractory materials: (a, ¢c) Sample 4# at 200 x and 1 000 x ; (b, d) Sample 5# at 200 x and 1 000 x

(K18 4#FE A EDS M AT : (a) 2 000F5H4 5] 5 (b) 2TCHEBSMEL; (o) TR MME (d) FITRER MR
(e) BETTR M ; () BITR /A &
Fig. 8 EDS mapping analysis of sample 4#: (a) SEM image at 2 000x; EDS elemental mappings of (b) all elements, (c) O,
(d) Al, (e) Si, and (f) Fe
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Fig. 9 (a)SEM image of sample 4#; EDS point scan analysis of (b) point 1 and (¢ ) point 2 in (a)
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Table 5 Results of EDS point scan analysis (% )

- o
S W2
Al 27.8 22.1
Si 19.8 20.7
Fe 5.9 54
0 443 50.1
K 0.8 0.9
Ca 04 04
Ti 0.9 0.5
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Fig. 10 XRD patterns of sample 4# and 5#
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Structural Properties and Performance of Multi-Phase Refractory Materials
Prepared from Copper Smelting Slag

Gao Yang', Li Bingrong', Wang Quanyong', Zhu Yongqiang’, Yu Jin', Tu Yu', Zhang Wei', Sun Yunlong'
(1. Jiangxi Copper Co., Ltd., Nanchang R&D Center, Nanchang 330096, China; 2. Guixi Smelter, Jiangxi Copper
Co., Lid., Guixi 335400, China)

Abstract: Multi-phase refractory materials were prepared using copper slag tailings and waste high-alumina bricks. Thermodynamic
behavior of copper slag tailings during sintering was studied by XRD and TG-MS. Influence of copper slag tailing and waste high-alumina
brick content on mechanical properties and high temperature properties of refractory materials were studied. Microstructure and phase
transition process of multi-phase refractory materials were studied by SEM-EDS and XRD. Results showed that decomposition product
of iron olivine in copper slag tailings reacted in-situ with alumina in waste high-alumina brick, and finally formed a mullite-corundum
composite crystal phase combined with Fe-Al intercrystalline phase. When mass fraction of waste high-alumina brick and copper slag
tailing was 40% and 10%, respectively, comprehensive performance of refractory material was the best. Compressive strength was
110.4 MPa, refractoriness under load reached 1 399 °C, and strength retention rate after thermal shock was more than 80%. Research
results provided a new prospective for high-value utilization of copper slag tailings and waste high-alumina bricks which are the main solid
waste in copper smelting industry.

Key words: copper smelting slag; refractory material; phase transition; high-temperature property; mechanical property
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