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Effect of MnQO, Additions on the Hot Modulus of Rupture and
Microstructure of MgO-Al-C Bricks

WEI Jun-cong' > SUN Jia-in'
(1. School of Materials Science and Technology ~University of Science and Technology Beijing Beijing 100083 China;
2. Hebei Province Key Laboratory of Inorganic Nonmetallic Materials Hebei United University Tangshan 063009 China)

Abstract: MgO-C refractories containing MnO, and Al Si additives were prepared using 97% fused
magnesia 95% graphite flake as main starting materials and phenolic resin as a binder. The hot modulus
of rupture (HMOR) of MgO-C refractories was determined at 1400 °C for 0.5 h at carbon embedded
conditions. The phase composition and microstructure were investigated by means of X—ay diffraction
(XRD) scanning electron microscopy (SEM) coupled with energy dispersive X-ray spectroscopy
(EDS). The results show addition of 0. 5% MnO, had little influence on the HMOR of MgO-C
refractories. Further increasing MnO, amount the HMOR decreased. This is because the added MnO,
would decompose to release oxygen which inhibited the carbonization and nitridation of aluminum
powder. Thus some aluminium powder was directly oxidized to form alumina or transform to complex
spinel companying volume expansion and structure compactness. Some would react with impurities such
as calcium oxide or silica to generate low melting substances which also contributed to the compactness
of the structure. However with further increasing MnO, amount much oxygen would be released to lead
to the oxidation of partial graphite. The porosity and liquid amount increased. So the HMOR inclined.
Key words:MgO-Al-C bricks; MnO, ; hot modulus of rupture (HMOR)) ; microstructure

(19709



7 : MgO C 1615

1
1 2
Al MgO-Al-C ’ 6
C-Al . CAl MnO, MnO,
ALC, AN
. MgO-AIC .
2
2.1
: (-195 C:94.67% ; 11.62% ; A1,0,:0.41% ;Si0,:1. 53% ;
Fe,0,: 0.6%; Ca0: 0.21%).  ( <0.074 mm Al:98. 44% ; AL,O, :0. 87;Si0,:0. 53% MnO, ( <0. 074
mm MnO, >93%) (Mg0:97. 56% ;Si0, 0. 63% ;Fe,0,:0.79% ;Ca0: 0.89% ;AL 0,:0.13%) .
2.2
1 4% 320 MPa 40 mm x40 mm x 160 mm
250 C 12 h GB/T2997-2004 GB/T3002-2004
1400 °C 0.5h D/MAX2500PC X
S-4800 o
1
Tab.1 Composition of specimens
Composition/wt%
No. Fused magnesia Fused magnesia Fused magnesia Fused magnesia Graphite Additional Additional Additional
53 mm 34 mm 10 mm <0.088 mm flake Al powder Si powder MnO,
M, 25 30 15 15 15 3 1 -
M, 5 25 30 15 15 15 3 1 0.5
M, 25 30 15 15 15 3 1 1
M, 25 30 15 15 15 3 1 3
3
3.1
1 M, 18.6 MPa 0.5%
M, 18.6 MPa 1% 17.8 MPa 3% 13.1
MPa. MgO-AL-C .
2 o

5.02 g/cm’ 3.45 g/em’
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o 3%
¢ 1 MnO,
M, . : .
; Fig.1 HMOR of specimens vs MnO, additions
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6
2 1400 °C 0.5 h
Tab.2 BD and AP of specimens after HMOR test 1400 °C for 0.5 h in carbon embedded atmosphere
No. Bulk density/g * ecm 3 Apparent porosity /%
Mo 2.68 12.2
M. 2.70 10.1
M, 2.72 12.7
M, 2.72 14.5
2 M, XRD 3 M, XRD
Fig.2 XRD pattern of specimen M, Fig.3 XRD pattern of specimen M,
after HMOR test 1400 °C for 0.5 h after HMOR test 1400 °C for 0.5 h
3.2
M, SEM 4 . 4a
o 4b
o 4c o
M, 5 SEM 5. 5a M, 5
o 5b

° Oz(g)
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4 M, SEM
Fig.4 SEM images of specimens M, after HMOR testing

5 M, 5
Fig.5 SEM images of specimens M, 5 after HMOR testing

M, SEM 6 o 6a.b
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6d o

6 M, (a-b) (c~d)
Fig.6 SEM images of specimens M, after HMOR testing

7 M, (a) (b.c)
Fig.7 SEM images of specimens M, after HMOR testing

M, SEM 7 . 7 M,
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(1) MgO-AlC 0.5%
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