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Table 1 Chemical composition of starting materials
w/!%
-2 MgO—-MA MgO ALO, Fe,0, Ca0  SiO,
3 MgO—MA MA 29.45 68.62 1.31 0.26 0.02
96.68 0.23 0.69 1.00 1.09
€3 CioA; 96.11 0.22 1.01 1.23 0.86
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TiO, MO - MA 0 St 20
_ . 2
e TiO, G Table 2 Formulations of specimens
CaTiO; . 7Zx0, MgO-MA S0 S
3 ~1 mm 41 41
. 3~1 mm 9 9
7r0, CaO
<1 mm 15 15
CaZx0, ° <0.088 mm 33 29.5
TiO, 7Zr0, MgO-MA a-AL 0, 2 2
3 TiO, 0 1.2
7Zr0, 2.3
1 S
Ti0, 7Zr0,
b 2 H=6
3 ~1 mm (pH =6)
<1 mm <0. 088 mm
* 1987
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<0.088 mm «-ALO, . Ti0, . 710, o 1961
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150 MPa 125 mm x 25 4, S,
mm X 25 mm 110 C 24 h S,
1600 C 3 h o
H( S S, .
) + x 100% . 4 ,
L3 Table 4 Coating adhering performance of specimens
. So Sy
GB/T 2997—2000 1% 100 0 65
GB/T 5072—1985  GB/T 3001— /mm 4.0 7.2 4.2
2000 2.2
o XRD 1.
YB/T 2206—1977
(AT =950 C ) 5 S, (3Ca0 * MgO
* 25i0, JCPDS 04-0728 1 550 C);
+ x 100% S, ( CaTiO, JCPDS
o 03-0808 1 901 C) (Jcpps
41-0185) .
5 mm
1600 C 3 h 1 o Mo, 4
* a.MgSsi,0,
ILFES ( L] : al |i..l
< L] Mg, Zr,0, |
+ % e Jo & o Jlo
x 100% gy s
( ) . BUAES '- |
X’ Pert Pro MPD X 2 "
I -1 IO - S . .- SO . | .- 3
Philips XL30 TMP i - T —
EDAX Phoenix 26/
° 1 XRD
Fig. 1 XRD patterns of specimens
) (100x 1000x) SEM
2 EDS 5.
2.1
5 EDS 1
1 600 C S, S, .
Ca0.Si0, MgO CaO.SiO,
’ ’ ’ 1.5 1 XRD
3, S
S Ca;MgSi, Og; 2
‘ 710, MgO.Ti0,  CaO 2 XRD
’ Mg, 71,0,  Z:0, CaTiO, 3
\ ’ Ti0, CaO
Table 3 Properties of specimens 2 XRD CaTiO,; 4
So il MgO. Si0, CaO Ca0.SiO,
1% -0.23 -1.07 : Me. Si0 CMALSIO
1% 16.7 15.0 829104 &1
/(g'(:m’3) 2.96 3.05 °
/MPa 7.8 6.4 2 SEM( 100 x) S,
/MPd 77 9 65 1 Sl . SEM
1% 80 90
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(1000 x) ; S ( ) 5 2 EDS
. Table 5 EDS analysis results of microzones in Fig.2

Ca;MgSi, 04 ; S, Mg, Zr;0,, "y

CaTiO, Mg, SiO, -CMAgSiO, o 0 Mg Al Si Ca Fe Ti Zr
1 54.12 9.56 0.00 14.16 21.19 0.00 0.00 0.00
2 47.53 5.97 0.48 0.69 5.64 1.39 3.69 34.61
3 40.62 4.64 1.68 2.73 24.19 1.41 20.01 4.73
4 45.77 27.99 0.00 18.25 6.26 0.00 0.54 1.19

1 600 C 3h S,
Zr0, TiO,

2MgO + CayMgSi, 04 +2Ti0, —

- . CMAgSiO, + Mg,SiO, +2CaTiO, (1)
ﬁ:ﬁ;‘m Y% ‘:‘;‘; SO, 2MgO +57r0, == Mg,Zr;0, (2)
' CaTiO;  Mg,Zr;0,,; Zr0,
ALO,  MgO
So S,
o Sl
o S,

Zr0,  CaTiO,

2.3
SEM( 1 000 x)
3 EDS 6. 5
Al, O, CaO
Ca,Al,05. 6 7
Ti0,.Zr0, CaO CaZrO,  CaTiO,

o

D

)ik, ' e
AceV SpotMagn Det WD
2 SEM(IOO X 1 000 X ) 200kV 63 l{l':J.h: BSE }I.T'm
Fig.2 SEM photographs of specimens (a)ikFES,
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N CaZrO, CaTiO,
; S
N CaZrO,  CaTiO,
S,
3
TiO,Zx0, MgO-MA
(b)iFES, CaTiO,  Mg,Zr,0,,
3 SEM(1 000 x ) MgO-MA o
Fig.3 SEM photographs of reaction layer of specimens after
coating adhering test
6 3 EDS
Table 6 EDS analysis of each microzone in Fig. 3 1 Kuennecke M Wieland K. The correlation between burning zone lin—
/% ings and operation of cement rotary kilns —Part 2 ] . World Cem
0 Mg Al Si Ca Fe Ti Zr 1996( 8) : 247 —253.
5 40.97 2.80 30.76 0.00 22.57 2.90 0.00 0.00 2 Bernard M Martyn F David E. Developments in basic refractories for
45.88 0.61 0.35 0.35 25.74 1.1 6.68 19.3 cement kilns J . World Cem 1991(12) :1 -7.
7 43.24 3.35 3.87 0.9 22.78 1.15 16.45 8.27 3 . ~
. S, J. 2012 46(4) :249 -253.
4 . MgO-MgAl, O, -Zr0,-La, 04
] 2011 38(1):4-7.
5 . Tio, J.
Ca,, Al 05 2005 39(2):151 —152.
) 6 . D .
Ca;, Al Oy So 2003.
. S, 7 . 710,
J. 1996 18(3) :280 -283.

Influence of TiO, and ZrO, complex additive on properties of MgO - MA refractories/Chen Na Zhao
Huizhong Zhou Fen Zhang Han Cui Jiangtao Mu Songlin Lyu Yongfeng Yu Qiang//Naihuo Cailiao.
—-2013 47(4):259

Abstract: Periclase-magnesium aluminate spinel ( MgO-MA) refractories were prepared using fused mag-
nesia high purity sintered magnesia magnesia—ich sintered spinel and «-Al,O, powder as main starting
materials to substitute magnesia chrome bricks in the rotary kiln sintering zone. Influence of complex addi—
tive composed of 1.2 mass% non-crystal TiO, powder and 2.3 mass% monoclinic ZrO, powder on proper—
ties of MgO-MA refractories was researched. The results show that the complex additive can accelerate
the sintering of MgO-MA refractories; and the solid solutions containing CaTiO, and Mg,Zr,O,, are genera—
ted in grain boundary and improve the coating adhering performance of MgO-MA refractories.

Key words: periclase-magnesium aluminate spinel; titania; zirconia; complex additive; coating adhering per—
formance; cement rotary kiln
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