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Mathematic model of attrition of quartzite particles
as medium material in fluidized bed

ZHOU Lingsheng, JIANG Xiumin, LIU Jianguo , WANG Hui
(Institute of Thermal Engineering , Shanghai Jiao Tong University , Shanghai 200240, China)

Abstract; Quartzite particles, as a bed material, are used in the high density fluidized bed. However, in the
operation, a great amount of fines, due to the attrition of quartzite particles, were elutriated, which would
result in the decrease of bed material and bed pressure drop, and herein have an impact on the normal
fluidization in the fluidized bed. In view of the attrition of quartzite particles, a mathematic model was
established based on the Fleischer’ s system energy balance theory about the {riction attrition
mechanism. The condition that the fine particles were separated from the parent particles was based on the
least energy principle of material dynamic failure. The particle’ s operation characteristics in the fluidized
bed and the particle’s physical properties were also considered in the model. This model could explain some
factors of the particle’ s attrition. Moreover, the predicted value from the model was close to the
experimental value. Therefore, this study would be beneficial to the engineering application of the high
density fluidized bed.
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Table 1 Composition analysis of quartzite particles
Si0/ % (mass) Fe; O3/ % (mass) Color
99.63 0.03 white

AFERTENR N 51 mm AL E 45 12 h i
fEEH S . Hop RIBECKH 750, 850, 950C, %

2 11

ﬁ

K1 smRgErER

Fig. 1 Schematic diagram of experimental system

1—compressor; 2-—manometer; 3—rotameter;

5—thermometer; 6—voltage regulator;

4—pressure regulator;
7—Aluidized bed main part; 8 —valve; 9—vacuum pump;

10—stack; 11-—cooler unit; 12—temperature controller
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Table 2 Size distribution of quartzite particles

before attrition experiment

Mass fraction/ % Mass mean

Scheme  g— 1.6— 25— 34 4—5 diameter
1.6 mm 2.5 mm 3 mm mm mm /mm

1 5 30 40 15 10 2.7450

2 10 40 35 10 5 2.4675

3 15 50 30 5 0 2.1900
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Fig. 2 Relationship between mean particle

diameter and particle attrition
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Fig. 3 Relationship between bed material

height and particle attrition
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Table 3 Mechanical characteristics of quartzite particles

Temperature/ C Peak stress/MPa  Young’s modulus/GPa

750 107. 295 17.362
850 95. 645 14. 222
950 83.995 11. 082
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Table 4 Comparison of calculated value

with experimental value

gnul /gin

No. T H din Relat%ve
/C /mm /mm Experiment  Calculation €O/ %
1 750 50 3.5 2.7463 0. 9866 0.9648 2.21
2 750 70 2.4668 0. 9816 0. 9608 2.12
3 750 90 4.5 2.1895 0. 9857 0. 9581 2. 80
4 850 70 4.5 2.7455 0.9710 0.913 5.97
5 850 90 3.5 2.4689 0. 9858 0.974 1. 20
6 850 50 2.1948 0. 9805 0.9428 3.84
7 950 90 2. 7450 0. 9785 0.9421 3.72
8 950 50 4.5 2.4784 0.9736 0. 9387 3.58
9 950 70 3.5 2.1888 0. 9939 0. 9563 3.78
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