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The effect of NaF on the synthesis of corundum-mullite materials from high

aluminum fly ash

WEI Zun-li, LI Jin-hong and XING-]Jing

(National Laboratory of Mineral Materials, China University of Geosciences, Beijing 100083, China)

Abstract: In this paper, the eflccts of temperature and NaF on the properties, crystal structure, and morpholo-
gy of corundum-mullite materials prepared from fly ash and bauxite were studied in detail by XRD and SEM.
The results indicate that the relatively low sintering temperature of 1 200C can be obtained by adding 2% NaF,

which helps effectively to promote sintering during the solid reaction, and that the obtained materials have excel-

lent properties: bulk density 3.08 g/cm®, flexural strength 62.11 MPa, and the content ratio of mullite/corun-

dum 2:1. When NaF content rises to 4% , mullite assumes the long columnar form in network structure, with

the single crystal aspect ratio ranging from 6 to 10; nevertheless, the lower mullite content in this sample results

in relatively low mechanical strength. When NaF content rises to 8% , mullite phase disappears, and the main

phase of the material is corundum, with the appearance of a large amount of albite, which mostly develops into

crossed corn-like crystal clusters under the SEM.
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Table 1 Chemical composition of high aluminum fly ash and bauxite
S0, TiO,  ALO; FeO;  FeO Mg €O NaO KO MO P05 H0' O Los  Totl
48.13  1.66 39.03 2.94 0.77 1.05 3.30 0.21 0.69 0.017 0.63 0.21 0.074 0.62 99.33
491 3.55 88.60 0.86 0.05 1.05 0.33 000 008 — — 002 —  0.03 99.50
2% 4% 8% X
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Table 2 Main chemical compositions of the designed mixtures
SO,  ALO; TFe,O3 MgO  CaO K,O NaF 3
o) 34.52 52.81 2.76 1.03 2.36 0.50 2.0
@) 33.80 51.80 2.71 1.01 2.32 0.49 4.0
@  32.60 49.88 2.61 0.97 2.23 0.47 8.0 3.1
NaF 4%
2 1000C 1200C
1200 C
Archimedes 3 1 2 NaF
NaF 992C
20 mm
0.15 mm min
RG-3005 XRD F-
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Table 3 Effects of sintering temperature and NakF on properties of synthetic corundum-mullite materials

T w NaF % g cm’ % % MPa %
1000 4.0 2.92 41.52 24.30 12.92 0.60
1100 4.0 3.00 39.56 21.80 21.24 3.30
1200 4.0 3.08 11.64 4.67 34.91 44.25
1300 4.0 2.74 21.00 14.51 27.56 30.15
1 400 4.0 2.61 34.21 16.35 20.44 26.25
1200 2.0 3.04 15.71 8.67 62.11 —
1200 8.0 2.15 24.24 10.53 28.41 —
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Fig. 4 XRD patterns of the samples sintered at different temperatures
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O Al—O—Al Si—O—S; Table 5 Calculated lattice constants of the systhesized mullite
1 2 Na* 2 t C w NaF % a¢ A by A co A Vel Al
1000 4.0 7.5597 7.7019 2.8863 168.05
1100 4.0 7.5162 7.6932 2.8860 166. 88
4 wi % 1200 4.0 7.5631  7.7097  2.8941  168.75
Table 4 Relative crystal content of the samples synthesized 1300 4.0 7.5324 7.6796  2.8768 166.41
under different conditions 1 400 4.0 7.5702  7.6960  2.8897  168.36
1200 2.0 7.5613 7.7095 2.8937 168.69
t C NaF
1000 4.0 52.63 36.50 10. 86
1100 4.0 28.20 66.25 5.56 3.3 SEM
1200 4.0 46.83 49.71 3.46 —
1300 4.0 46.85 53.15 — 6 6
1 400 4.0 38.21 61.79 — a
1200 2.0 60.97 32.55 6.49
1200 8.0 — 72.51 27.49 lym

ALO; SO,
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Fig. 5 XRD patterns of the samples with different NaF contents
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Fig. 6 SEM micrograph of the corundum-mullite materials systhesized under different conditions
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