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Alkali Vapor Attack Behavior of Al,O3;—SiO; Refractory Raw Materials

WANG Zhifeng', LI Yawei', XU Yibiao', SANG Shaobai', MA Shulong®, ZHANG Haibo*, GAO Changhe®
(1. The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China;
2. Beijing Jinyu Tongda Refractory Technologies Ltd., Beijing 100085, China)

Abstract: Sewage sludge and household garbage are used as an alternative fuel in recent production of cement. However, the
alternative fuel causes serious alkali attack and spalling of bauxite-SiC refractories for cement kiln lining, thus having an
impact on the operation of the cement kiln. In this paper, the alkali vapor exposure was used to evaluate alkali attack on some
raw materials like bauxite, mullite (M60) and molochite, which were used to prepare mullite-SiC composite refractory as a
lining of cement kiln. The results show that the alkali attack resistance of these raw materials is closely related to their
chemical composition, phase composition and microstructures. Bauxite with corundum and mullite as main phases is attacked
by alkali to form a kaliophilite phase and induce cracks and loose structure, further enhancing gaseous alkali penetration and
serious damage. Mullite (M60) with mullite as a main phase is attacked by alkali to form leucite and transient liquid phase.
The resultant liquid phase prevents from the penetration of alkali, and the attack only occurs on the surface layer, so mullite
(M60) exhibits a superior alkali attack resistance. Molochite with mullite and glass (the content of 46%) reacts with alkali
vapor to form more liquid phase and leucite. As alkali vapor is dissolved in the glass phase of molochilte, the integrity of
molochite is destroyed by alkali attack.
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Table1 Chemical composition of alumina-silica refractory
raw materials wi%

Raw materials ALO; SiO, Fe,0;3 TiO, CaO MgO R,0
Bauxite 87.01 5.67 1.47 336 024 037 024
Mullite M60 63.02 27.86 230 278 054 045 1.73

Molochite 41.84 5152 203 0.08 042 073 1.86

w—DMass fraction.
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Table 2 Apparent porosity and the pore parameters of alumina-silica refractory raw materials

Raw materials Apparent porosity/%

Mean pore size/um

Volume fraction of different pore size/%

<3 pm >10 um
Bauxite 54 39 43
Mullite M60 55 21.2 18 65
Molochite 7.9 61 32
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Fig. 1 Mass change ratio (MCR) of alumina-silica refractory
raw materials before and after alkali attack
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Table 3 Chemical composition of alumina-silica refractory raw materials before and after alkali attack

w/%

Raw materials Before or after alkali attack

AlLO; SiO, Fe 03 TiO, CaO MgO K,0
Bauxite Before 88.17 5.75 1.49 3.40 0.34 0.60 0.23
Bauxite After 87.43 3.59 0.58 3.23 0.24 0.37 4.41
Mullite M60 Before 63.86 28.22 2.33 2.82 0.55 0.51 1.74
Mullite M60 After 61.78 27.50 1.08 2.83 0.41 0.47 5.84
Molochite Before 42.74 52.63 1.46 0.09 0.43 0.75 1.89
Molochite After 41.62 48.08 1.23 0.07 0.14 0.45 8.32

w is mass fraction.
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Table 4 Phase composition of alumina-silica refractory raw materials before and after alkali attack
Phase composition
Raw materials w(Glass)/%
Main phase Secondary phase Minor phase
Bauxite Corundum (+++) Mullite (++) AL, TiOs (+) 8.57
Bauxite after alkali attack Corundum (+++) Mullite, KAISiO;4 (+) 16.84
Mullite M60 Mullite (+++) Rutile (+) 22.02
Mullite M60 after alkali attack Mullite (+++) KAISi,O0¢, KAISiO4, corundum (+) 6.46
Molochite Mullite (+++) 45.82
Molochite after alkali attack Mullite (+++) KAISi,Og, KAISiOy4 (+) 4891

+++ represents main phase; ++ represents secondary phase; + represents minor phase.
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(a) SEM photograph of bauxite

(b) SEM photograph of mullite M60

50 um

(c) SEM photograph of molochite
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Fig.3 Microstructure of alumina-silica refractory raw materials

(a) SEM photograph of bauxite

(b) EDS mapping of fig. 5 (a)  (c) SEM photograph of bauxite inside

(d) EDS mapping of fig. 5 (c)

(e) SEM photograph of mullite M60

(f) EDS mapping of fig. 5 (e)

(g) SEM photograph of molochite

(h) EDS mapping of fig. 5 (g)
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Fig. 4 Microstructure of alumina—silica refractory raw materials after alkali attack
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Table 5 Chemical composition of glass and crystal phase in alumina-silica refractory raw materials before and after alkali attack

wi%

Crystal phase

Raw materials

AlLO4 SiO, TiO, K,O ALOs SiO, TiO, K>,0
Bauxite 34.23 27.98 13.68 2.40 93.23 3.66 2.44 0.03
Bauxite after alkali attack 54.90 9.68 16.25 28.02 95.10 2.54 091 0.18
Mullite M60 15.31 61.96 3.95 7.48 77.53 18.69 2.49 0.12
Mullite M60 after alkali attack 17.00 49.98 7.24 24.67 69.16 22.81 1.57 4.11
Molochite 9.65 82.18 0.18 4.02 70.73 27.64 0.01 0.09
Molochite after alkali attack 22.50 67.81 0.09 7.64 59.91 29.19 0.05 8.97
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