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Abstract: It is necessary to optimize operable factors in measurement of pulverized coal flow by Laser-
induced Breakdown Spectroscopy(LLIBS). Therefore, this paper investigated the effects of three main
operable factors, irradiance, integration delay time and the rate of flow per unit area on the measure-
ment of pulverized coal flow by LIBS based on orthogonal experiments. Pulverized coal was chosen for
the experimental sample and the statistic analysis and variance analysis were performed. Experiment
indicates that the irradiance and integration delay time are two remarkable factors for the effective ex-
citation rate and the following is the rate of flow per unit area. The optimum parameters of control
from the experiment are the irradiance of 9, 4 X 10" W/cm?*, the integration delay time of 1 500 ns,

and the rate of flow is selected reasonably based on economy principles. The results obtained demon-
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strate that the method can direct the practical measurement of pulverized coal flows in real time.

Key words: Laser-induced Breakdown Spectroscopy (LIBS); pulverized coal flow; effective excitation

rate; orthogonal analysis
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Fig. 1 Schematic diagram of LIBS experimental

system for coal flow detection
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Tab.1 Factors and levels of orthogonal experiment

Irradiance/ Integration Rate of flow/
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Fig.2 Typical spectra recorded from pulverized coal flow
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Tab. 2 Analysis of orthogonal experiment results

Rate of flow

Sample Irradiance/ Integration ber unit area/ Effective
utber (10"W delay (g~ min! - excitation
cm %) time/ns rate/ %
mm °)
1 5.6 1280 0. 397 73
2 5.6 1 500 0.516 79
3 5.6 1 800 0. 651 76
4 5.6 2 500 0.873 72
5 5.6 3 500 1. 175 52
6 6.4 1 280 0.516 90
7 6.4 1 500 0.651 91
8 6.4 1 800 0.873 91
9 6.4 2 500 1.175 75
10 6.4 3 500 0. 397 75
11 9.4 1 280 0.651 93
12 9.4 1 500 0.873 96
13 9.4 1 800 1.175 81
14 9.4 2 500 0. 397 86
15 9.4 3 500 0.516 70
16 12.7 1 280 0. 873 94
17 12.7 1 500 1. 175 94
18 12.7 1 800 0. 397 81
19 12.7 2 500 0.516 87
20 12.7 3 500 0.651 83
21 15.3 1280 1.175 93
22 15.3 1 500 0. 397 92
23 15.3 1 800 0.516 88
24 15.3 2 500 0.651 86
25 15.3 3 500 0.873 62
Average 1 70 89 81
Average 2 84 90 83
Average 3 85 83 86
Average 4 88 81 83
Average 5 84 68 79
Range 18 22 7
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Tab. 3 Analysis of variance(g¢= 0. 05)

Origin of variance Sum of square Freedom F P
Irradiance/ (GW « ecm™ %) 941. 2 4 8.227 0.002 0
Integration delay time/ns 1 504. 4 4 13. 150 0.000 2

Flow rate per unit area/(g * min ' » mm %) 123.2 4 1.077 0.410 4
Error 343.2 12
Summation 2912.0 243
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