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Relation between preparing parameters of magnesia-zirconia bricks and their re-

sistance to RH slag corrosion
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ABSTRACT The relation between preparing parameters of magnesia-zirconia bricks and their resistance to RH slag corrosion was
studied by contrasting the slag resistance behaviors of magnesia-zirconia bricks and magnesia-chromite bricks and by a simplified mod-
el. The prepanng parameters that influence the RH slag resistance properties of magnesia-zirconia bricks, such as grain mixture ratio,
agglutinant sintering temperature, zirconia content, and varety of zirconia, were analyzed by orthogonal experimental design
(OED). The results indicate that sintering temperature and zirconia content are two key influencing factors. The effects of sintering
temperature and zirconia content on the ratio of infiltrate depth were further examined by the steepest ascent method and central com-
position design ( CCD), and a statistic analysis model of resistance corrosion of magnesiazirconia bricks eroded by RH slag was built.
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Table 1 Compositions of experimental starting materials % MgO  Z:10O» Ca0
MgO  CaO0  Si0, Fe03  ALO;  Zr0, )
98.10 010 040 013 060 0 004 ’ >
89.57 124 228 062 038 579 ; . CaZrOs
— 027 037 003 023 >99 Ca0 C/S , - RH
— 009 013 008 031 >99 ALOs3. Fe205
Si0, M gO ALO;
RH ,ALO;  MgO
35¢ RH , Al2MgO4 ; AlO3 ,
1650 C 4, : Fe203.5i02  MgO Fe2MgOs

1 RH SEM

Fig. 1

- (a b)

i(c, d)

SEM photographs of a magnesiazirconia brick (a, b) and a magnesia-chromite brick (¢, d) after slag corrosion
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Fig. 2 Vapor or decomposition pressures of oxides at different tem- Fig. 3 Measurement of average slag comoded depth of a sample
peratures
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MSF
’ F=\SE (2
MSE
. . N 3 Lis(2") |
. 1%Y203( Table 3 Design matrix and experimental data for the ratio of infiltrate

depth (M) in Ljg(2'%) orthogonal experimental design

[10-13] ) RH A(l)  B(2) C(4 D(8) K15
17 1 1 1 1 1 0. 978
2
2% 1 1 1 2 2 1. 930
2.2.1
3% 1 1 2 1 2 0. 789
’ 4% 1 1 2 2 1 1. 130
57 1 2 1 1 2 0. 816
, 6~ 1 2 1 2 1 1. 580
, 77 1 2 2 1 1 0.327
2 A g* 1 2 2 2 2 0. 837
2
9F 2 1 1 1 2 0. 886
( ) B ( Y203) .C ( ).
107 2 1 1 2 1 1. 790
D ( ) E( ). 1# 2 1 2 1 1 0. 834
12% 2 1 2 2 2 1. 080
2 Lig(219) 13 2 2 1 1 1 0. 667
=
Table 2 Factors and levek of Lis(2'%) orthogonal experimental design 14 2 2 1 2 2 1620
157 2 2 2 1 2 0. 710
167 2 2 2 2 1 0. 767
1 2
A 4 Lis(2%)
o Table 4  Analysis of variance for the ratio of infiltrate depth (1) of
B 1%Y0 P
d 2Y3
C C 1600 1800 magnesia-zirconia bricks in L ¢( 215) orthogonal experimental design
: /
F.
D: /% 6 18 SS df MS F
. (a=0.1)
; A 0000 1 0000 0 000 307
16 B 0277 1 0277 1357 307
’ ’ AB 0013 1 0.013 0. 064 3. 07
16 C 0902 1 0902 4417 307
, > AC 0027 1 0027 0132 307
RH BC 0005 1 0.005 0. 024 3.07
, DE 0002 1 0002 0010 307
(1) D 1404 1 1. 404 6 876 307
2
15 AD 0011 1 0011 0054 307
n Lis(2 3
. (275, ’ BD 0002 1 0002 0010 3,07
! CE 000l 1 000l 0005 307
’ ch 0367 1 0367 1797 307
s ( . ) BE 0029 1 002 0 142 307
, , AE 000l 1 000l 0 005 307
. 4 E 002 1 002 0108 307
( ) 3060 15 0204
N )
2 df (degree of freedom), SS
F ( ‘ ('sum of squares), MS (mean square) .
mean square o
factors or interactions, M SF) ( mean (SEM)

square of errors, MSE) , : hyvis hyz )
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ANOVA
1, :
N=-—0.79340. 263X 3+ 0. 656X+ 0.479Xp—
0. 252X ¢ Xp( R*=0. 963) (3)
, Xi B. C D F
71. 82, a=0.01
Fo[ Foo(4,11)=5.67,
( (3) ; F
1 n
(3) R’ (sum
of squares about regression, SSR) (total
sum of square, TSS) ,
RZ:ST%S{ (4)

(residual sum of square, RSS)

TSS=SSR+ RSS (5)
Rzzl—% (6)
R* 1,
\ (3) R* 0.963
(3)
222 /

( the steepest ascent/descent

method) 1 . )
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Fig.4 Effects of main influencing factors or interactive influencing

factors on the ratio of infiltrate depth ()
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Table 5 Points on the steepest ascent/ decent path

C( /1000 C) D /%) !
17 179 6 1. 03
27 1.76 8 1. 44
3% 1. 73 10 1. 66
47 1.70 12 1. 55
57 1. 67 14 1.32
67 1. 64 16 0. 96
77 1 61 18 0. 80
87 1.58 20 0. 63
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Y203 . . s CXD,
s s 5 . ANOVA .
7 , N=—641 7+748. 6Xc—2. 537Xp—221. 1X¢—
, 37 0.086XH+2 535XcXp (R*=0 969) (7)
Ui
22.3 3 F 120. 2,
/ - 1 a=0. 01 Fa Fo.01(5,19) =
1670~1790 C, 60 ~14%  9.¢, ;
, N 37 ( 1730 C R*=0. 969, ,
10 %) ; :
(central composite design) 1730 C, 7 am 0 m 0
10% .6 X ’ IX¢ IXp
i Xc  Xb,
|
6 e 748. 6—442. 2X ¢+ 2 535Xp=0
Table 6 Design matrix and experimental data for the ratio of infiltrate ¢ (8)
depth (") of magnesia-zirconia bricks in central com posite design 3877): —2.537—0. 172XD—|— 2.535X¢c=0
D
- 7 i Xc=1.756 77, Xp=
C( /1000 C)  D( /%)
1% 1. 69 8 0 7 11. 142,
) ‘ ‘ 11.14%, 1756. 771 C.
2 171 8 0. 85
2.2.4
37 173 8 L 01
o4 s g L os ( (7)) ( response sur-
face) , 5. 5 Ul
57 1. 77 8 0. 80
) C( ) D( )
6 1. 69 9 0. 64
7% 171 9 121 ’
, RH
8% 1.73 9 1. 38
97 175 9 143 ’
107 177 9 1. 28
1n# 1. 69 10 0. 90
127 171 10 1. 29
137 173 10 1. 66
147 175 10 1. 80
157 1. 77 10 1. 74
167 1. 69 11 0. 83 -
177 L 71 11 1. 36
187 .73 11 1. 67
197 1. 75 11 1. 91
207 .77 11 1. 81 5 7
. Fig. 5 Response surface for the ratio of infiltrate depth () against
21 1. 69 12 0. 67
sintering temperature ( X¢) and zirconia content (Xp)
27 1. 71 12 1. 19
237 1. 73 12 1. 49 , Ui 5
247 L 75 12 1 69 ( , contour plot) 6,
257 177 12 165 =10 . L0,

K , RH ; T> 1.0,
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Fig 7 SEM photographs of a magnesia-zirconia brick with 11. 14% zirconia sintered at 1757 C after slag corrosion; (a) low magnification;
(b) high magnification
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