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Damage Mechanism of Magnesium—chromium Refractories for
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Abstract: Copper smelting anode slag and magnesia-chrome brick located in different parts of rotary anode furnace were
characterized by X-ray fluorescence spectroscopy, X-ray diffraction reflection polarizing microscopy, scanning electron microscopy
(SEM)-energy dispersive spectroscopy. The damage mechanism of magnesia-chrome brick was investigated. The results show that the
damage index of the magnesia-chrome bricks at the end wall, cylinder and tuyere (redox opening) of the anode furnace in service for 8
months are 8.9%, 21.6%, and 55.1%, respectively. The end wall magnesia chrome brick is mainly eroded by silicate phase to form
forsterite (Mg,SiO,), which forms a dense slag layer at the hot end of magnesia chrome brick, and hinders the erosion and penetration of
molten copper and slag, leading to the minimum corrosion degree of magnesia chrome brick. The magnesia chrome brick of cylinder is
corroded and penetrated by copper and cuprous oxide. The rotation of furnace and serious erosion and penetration increase the probability
of structural spalling of magnesia chrome brick, and the degree of erosion is greater than that of end wall magnesia chrome brick. A high
oxygen potential of the redox tuyere magnesia-chrome brick in the oxidation stage can suffer the greatest penetration of cuprous oxide.
The alkaline flux sodium carbonate added during slagging has a more obvious aggravating effect on the erosion of the magnesia-chrome
brick. Na,O from Na,CO; decomposition reacts with part of the chromium spinel to form Na,Cr,0,4, which destroys the direct bonding of
magnesia-chrome bricks. In addition, the complex service environment such as melt erosion, turbulence, and reducing agent injection
causes a frequent peeling of the redox tuyere magnesia—chrome brick structure with the maximum degree of corrosion.
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Fig. 1 Schematic diagram of rotary anode furnace'
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K] S4 PIONEER 7! X H28%¢ 6 14X (X-ray
fluorescence, XRF)X 4 Bl 7333t 47 3 A1, T [«
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IO R CrO3 S EAMET 18%(REDE). AILEANE T 14%I1 A T 45 & 848 % DMGe-20,
BAALEARET 17%00- P45 & 8455 % BMGe-18, PRI EEES RE FRAL FRFRVE W 1o
FALIEJE R ER )2 Cr0s B EAMET 20%. &

1 BB

Table 1 Physical and chemical index of magnesia chrome brick

w/% . Bulk density/  Cold crushing Hot modulus of rupture
Brand No. - Apparent porosity/% ~ 5
MgO Cr,0; ALO; CaO SiO, Fe,04 (grem™) strength/MPa (1400 'C)/MPa
BMGe-18 58 18 4.5 2.5 1.5 10 17 3.19 40 8~14
DMGe-20 60 20 5.5 1.5 1.5 6.0 14 3.23 60 8~14
w—Mass fraction.
212 WMHARE  BEERIRAEYIAHA i E 2 pir T o
— N \ N s N V MgO<PDF:05-0946>
% 2 B S TR 77 BT (MigO) R e # M.l Feich<PF 090555~
£ imf1(Mag—Chr, Fe-rich). |
2,13 BE 2 RGBT '
— N v v Y
83 fior. HilE 3a FIPE 3b AT, HOAE T4 A B AR N e T
TG IR o LA B AR b 3, 4R RO E i DiiGE20
T B i A R A I AR R IR R B A (SC), IR |
2RI A T TR D R R, (R AR Tl v,
B ELRE 5 SRR R B 3c AP 3d WL, kL B RN GRS WO, 5 O
BRI AR T B, HRAE 10 20 30 40 50 60 70 80
B RERR A B, I D EEEOR 26/C)
EERRERMIH AR T Or 8 I, Rk R AT, K 2 B FE XRD i
HIELESEERAERIBEESERES, Fig. 2 XRD spectrum of the magnesia chrome brick

(¢) Microscope photograph of semirebonded magnesite chrome brick (BMGe—20) (d) High magnification photograph of region U in Fig. 3(c)
FG is large fused magnesia-chromite grain; PC is primary chromite; P is periclase; SC is secondary chromite; DB is direct bond.

3 BREREE RO B MBI

Fig. 3 Reflecting microscope photographs of the magnesia chrome brick
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Table 2 XRF analysis results of anode furnace slag w/%
Slag type SiO, CuO PbO Na,O Fe O3 As;05 AlO4 Sb,0; MgO Cr,03
Silicon slag 33.46 33.52 10.50 7.10 5.34 2.50 1.92 1.44 1.41 0.46
Basic slag 14.68 21.48 2.51 28.04 2.09 22.64 2.10 1.81 2.52 0.20
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¥ Cu,0O(PDF 035-0667)
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Fig. 4 XRD spectrum of anode furnace slag
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Table 3 Damage degree of magnesia chrome bricks in
different parts of a ¢4.4 mx12.5 m rotary anode
furnace in a copper smelter

Position Lo/mm Li/mm Ly/mm Pl%
End wall 450 410 95 8.9
Cylinder 450 353 145 21.6
Tuyere 450 202 120 55.1

Ly is original thickness; L; is remaining thickness; L, is infiltration depth; P

is corrosion rate.
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Fig. 9 Reflecting microscope photographs of the used magnesia chrome brick from the cylinder
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Table 4 SEM-EDS analysis results of each point in Fig. 6, Fig. 8 and Fig. 10 wi%

Spots C (0] Cu Na Mg Si Pt Ca Al Cr Fe Pb Sb

A 8.4 86.9 4.7

B 38.0 36.2 21.0 4.7

C 333 243 1.9 6.3 20.3 3.7 7.6 2.5

D 33.9 4.6 19.2 6.1 27.0 5.0 4.1

E 30.7 15.5 3.7 155 34.7

F 359 1.4 36.0 21.7 5.0

G 11.2 83.9 4.9

H 322 11.6 51.1 5.1

1 97.3 3.0

J 3.0 28.4 4.7 19.3 7.5 23.7 2.8 0.4 1.1 0.5 52

K 28.0 12.7 1.1 43 44.7 9.3

L 36.9 59.3 3.8

M 253 6.6 11.1 3.1 1.9 52.1

N 53 2.7 88.6 0.4 3.0

o 36.8 22.3 53 33.7 1.9

P 28.7 9.9 52.6 4.1 34 1.2

o 8.1 87.3 0.6 4.0

R 26.6 23 17.3 32 10.1 343 6.3
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Fig. 12 Illustration of the stability domains of the phases
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melt (633
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