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Table 1 Formulations of specimens Table 2 Physical properties of specimens with different mag—
w!% nesia containing binder additions
A B C D E A B C D E
( <8 mm) 70 70 70 70 70 110 °C24h  3.07 3.08 3.10 3.07 3.06
( <0.088 mm) 13 12 11 10 9 ( ) 1000°C3h 3.03 3.03 3.02 3.00 3.01
g *cm
( <0.045 mm) 15 15 15 15 15 ° 1600°C3h 3.06 3.06 3.06 3.03 3.02
(dso =0.7 pm) 1 1 ! 1 ! 110°C24h 1.5 11.2 10.2 10.6 10.1
(dso =1 jum) b2 3 4 s /% 1000°C3h 15.1 15.2 15.3 15.8 15.6
() 03 03 03 03 03 1600°C3h 14.3 14.1 14.0 14.9 15.1
. 1000 °C 3 h 0 0 +0.02 0 +0.03
(4
1600°C3h +0.03 +0.02 +0.04 +0.02 +0.03
40 mm x 40 mm x 160
110 °C 24 h  90.1 122.0 124.0 126.0 118.0
X X N
mm 70 mm x70 mm x70 mm $42 /MPa 1000°C3h 229 28.8 30.8 32.8 30.6
mm x40 mm o 24 h 1600 °C3h 49.4 53.2 53.0 47.7 38.1
24 h 110 C 110 °C24h 11.9 13.5 13.7 12.8 12.5
24 h 1000 °C 3 h 1600 °C 3 h . /MPa 1000 °C 3 h 2.4 2.4 2.4 2.5 2.8
1600°C3h 3.1 3.5 36 35 3.2
N, MPa 1450C1h 4.8 51 4.6 4.5 4.2
1.3
3
[o?
110 € 24 h.1 000 C 3 h Table 3 Physical properties of specimens with different active
1600 °C 3 h . . alumina micropowder additions
B F G H I
N N (1450 C
) 110°C24h 3.08 3.09 3.08 3.08 3.08
1 h) o 1600 C 3 h ( 4y 1000T3h 303 3.03 3.02 3.02 3.0
g *cm
(1100 ~20 °C); ° 1600°C3h 3.06 3.05 3.04 3.05 3.02
1600 °C 3 h 5 110°C24h 11.2 10.6 10.3 10.6 12.3
60 05 . S0 /% 1000°C3h 15.2 15.0 15.5 15.2 15.8
& <Y.o mm (w) :Si0, 1600°C3h 14.1 15.1 15.0 14.7 15.4

17.90% Al,0,21.43% Fe,0, 12.34% CaO 26.36%
MgO 8.59% TiO, 1.71% Cr,050.28% MnO 9.76% .

2.1
2
o (w) 1%
2% b
3% ((w)
; 3% ((w)
2.2
2% (w)
3. 3

(w) 1% 3%
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1000 C 3 h 0 +0.19 +0.33 +0.47 +0.44

/%
¢ 1600 C 3 h +0.02 +0.10 +0.22 +0.39 +0.56
110 °C 24 h 122.0 115.0 102.4 82.2 70.3
/MPa 1000 C 3 h 28.8 29.2 34.8 37.9 39.2
1600 °C3h 53.2 45.8 55.0 57.0 53.9
110 °C 24 h 13.5 15.4 14.0 13.4 11.8
/MPa 1000 C 3 h 2.4 2.6 2.0 2.0 2.1
1600 C 3 h 3.5 4.0 4.9 5.0 4.2
/MPa 1450 C 1 h 5.1 5.4 6.4 4.8 4.9
1000 1600 C
1 450 C
; (w) 4%
1000 1600 C
1000 1600 C 1(
5%) XRD
1, 1
1 000 °C
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Table 4 Physical properties of fired magnesia—spinel brick
110°C24h  1600C3h
m—RA /(g*cem™?) 3.00 2.96
o —Jitkfi 1% 14.6 16.8
/MPa 68.0 66.9
/MPa 10.3 9.1
1% +0.24
hd ) /MPa( 1 450 °C 1 h) 8.0 8.0
. n - }U 1600 C
[ " om °
. N ) o G.N 1100 C 7
3, G
‘ o | L )| 1000 C N )

20 30 40 50 60 70
26/(°)

1 I 1000 1600 °C XRD

Fig. 1 XRD patterns of specimen | fired at 1 000 and 1 600

C respectively

G 1600 C 2.

| mm

3 G.N ( N G)
Fig. 3 Photograph of specimens G ( lower one) and N (up—
per one) after thermal shock resistance test

G. N 1600 °C
4.

2 G 1600 C
Fig.2 Microstructure of specimen G fired at 1 600 C
2.3
G
N . 4 1600 C ( G N)
Fig. 4 Section photos of specimen G (left) and N ( right) af—
N ter slag resistance test at 1 600 C
372 NAHUO CALIAO / 2013/5  http: //www. nhcl. com. cn

© 1994-2014 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



5 : 2013 10

. G 2011(8) : 64 - 66.
N C 2 Rodriguez E Castillo G A Contreras J et al. Hercynite and magnesi—
um aluminate spinels acting as a ceramic bonding in an electrofused
( N ) o MgO- CaZiOs refractory brick for the cement industry J . Ceram
Int 2012 38(8) : 6769 —6775.
3 3 .
( 1) 2%( w) J . 2011 45(5) :345 —349.
4 . aAlL 0y I
2007 30(1):23 -25.
! 5 .
3% (w) J. 2008 30(3) : 34 —37.
o 6 Salomdo R Pandolfelli V C. Citric acid as anti-hydration additive for
(2) RH magnesia containing refractory castables J . Ceram Int 2011 37
(6):1839 - 1842.
7 .Si0,
° I 2001 35(2) 169 -71.
8 Sako E Y Braulio M A L. Pandolfelli V C. Microstructural evolution
of magnesia-based castables containing microsilica J . Ceram Int
1 . J. 2012 38(7) :6027 —6033.

Development of high performance magnesia - spinel based castable/Fang Binxiang Shen Mingke Gao
Xiong Wu Bin Du Bo//Naihuo Cailiao. —2013 47(5) : 370

Abstract: A series of magnesia-spinel based castable specimens were prepared by vibration method using
fused magnesite ( <8 and <0.088 mm) and spinel powder( <0.088 mm) as main starting materials. Influ-
ences of magnesia-containing binder and active alumina micropowder additions ( both were 1% 2% 3%
4% and 5% in mass respectively) on physical properties of castable specimens treated at 110 1 000 and
1 600 C respectively were discussed and the castable specimen based on the appropriate formulation
was compared with fired magnesia-spinel based brick for RH degasser on physical properties thermal
shock resistance and slag resistance. The results show that when the magnesia binder addition increases
from 1% to 2% the strengths of the specimens fired at different temperatures increase obviously but when
it exceeds 2% the strengths of the specimens fired at different temperatures especially hot modulus of
rupture at 1 450 C decrease gradually; when active alumina micropowder addition increases from 1% to
3% the strength of the specimens treated at 110 C decreases quickly but the strength and linear expan-
sion rate of the specimens fired at 1 000 and 1 600 C as well as hot modulus of rupture increase significant—
ly; however when active alumina micropowder addition exceeds 3% hot modulus of rupture begins to de—
crease; compared with fired magnesia - spinel based brick the designed castable specimen fired at
1 600 C has the characteristics of high density and microcracks existence between the aggregates and
the matrix so it has better thermal shock resistance and slag resistance but lower strength at high
temperatures.

Key words: magnesia-containing binder; active alumina micropowder; thermal shock resistance; slag resist—
ance; castable
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