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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'  HO  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
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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
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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
1300 C —Al—O0—Al— —Si—0O—Si—
N320
1400 C 1988
XRD NaF 1994
JCPDS 15-0776 ayg— 7.545 6A b() =7.689 8A Cco
1200 C NaF =2.8842A 1999 Cellsr
NaF 8%
4 5
5
1 NaF 1
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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

a—NaF 4% 1000C b—NaF 4% 1100C ¢—NaF 4% 1200C d—NaF 4% 1300TC

e—NaF 4% 1400C {—NaF 2% 1200C

g—NaF 8% 1200C

NaF 2%
1200C

References

Cheng Benjun Guo Xingzhong and Yang Hui. 2005. Effects of process
parameters on the mechanical properties of corundmrr mullite duplex
ceramic ] . Journal of Materials Science & Engineering 23 5 552
~555 in Chinese

Chimerman Fang Shaofu Translation . 1988. Metallurgy and Material
Technology Knowledge Base M . Beijing Metallurgy Industry
Press in Chinese

Du Xinkang Zhao Zhongmin Ye Minghui et al. 1999. Influences of

metal-fluoride on curved ceramic-Lined pipesby gravitational separa-

tion SHS method J . Special Casting and Nonferroas Alloys 1 4~7
in Chinese

Gan Fuxi. 1988. Modern Glass Technology M . Shanghai Shanghai Sci-
ence and Technology Press 169 in Chinese

JANAF. 1986. Theimochemical Tables 3rd Ed. M . American Chemi-
cal Society and American Institute of Physics for NBS 1.

Kingery W D Bowen H K and Uhlmann D R. 1976. Introduction to Ce-
ramics M . John Wiley & Sons.

Kong L B Zhang TS Ma] et al.2003. Mullite phase formation and re-
action sequences witn the presence of pentoxides ] . Journal of Al-
loys and Compounds 351 264 ~272.

Kong L B Zhang TS Ma ] et al.2004. Mullite phase formation in ox-
ide mixtures in the presence of Y,O; La,O3and CeO, ] . Journal of
Alloys and Compounds 372 290~299.

Li Gangju and Luo Zaishi. 2002. The development of low temperature
sintered corundum-mullite composite pusher J .Ceramics Engineer-
ing 34 1 12~18 in Chinese

Li Jinhong Ma Hongwen and Wu Xiuwen. 2005. The preparation of -



190

26

siaion powder from high-alumina fly ash an experimental study J .
Acta Petrologica et Mineralogica 24 6 643 ~6 479 in Chinese
with English abstract .

Ma Hongwen. 1999. Crystalline Rocks Thermodynamics Softs M . Bei-
jing Geological Publishing House 19~37 in Chinese with English
abstract .

Ni Wen Chen Nana Zhao Wanzhi et al. 1994. Industrial mineral fea-
tures of man-made andalusite and its application J . Geology and
Prospecting 30 3 26~33 in Chinese .

Schneider H and Komarneni S.2005. Mullite M . K.In Germany Wi-
ley-VCH Verlag GmbH & Co. KgaA 295.

Sacks M D and Pask ] A. 1982. Sintering of mullite-containing materials
1. effect of composition J .J. Am. Ceram. Soc. 65 1 65~72.

Sun Guichun and Jin Jianging. 2003. The status of push slab used in ni-
trogen kiln for sintering soft-magnetic ferrites J . Journal of Mag-
netic Materials and Deuices 34 1 42~44 in Chinese .

Wu Xingrong Cao Feng Tian Feng et al.2004. Effect of additives on
the alshock resistance of corundum-mulliteload bearing board J .
Naihuocailiao 38 6 386~388 in Chinese .

Yang Zhongzheng. 2006 . Effects of additions CeO, and MgO on the sin-
tering properties of bauxite-based homogenized mullite grogs J .
China Non-metallic Mining Industry Herald 4 35 ~ 38 in Chi-
nese .

Zhou Yadong. 1994. Inorganic Material Physical Chemistry M . Wuhan
University of Technology Press 317~321 in Chinese .

.2005.
] 23 5 552~555.
.1999. SHS
7. 1 4~7.
.1988. M .
169.
.2002. - ]
341 12~18.
.2005 . B-Sialon
J. 24 6 643~0647.
.1999. M . 19~37.
.1994.
] 30 3 26~33.
.1988. M .
.2003. ]
2 42~44.
.2004. -
] 38 6 386~388.
.2006. CeO, MgO
J. 4 35~38.
.1994. M . 317~

321.



