HNRSHBEFZHE
52, 103004(2015) Laser & Optoelectronics Progress ©2015( 1 [ 3 5) e a4t

Wi IR 2% % I e ik A 13RO T S b 90Ok 1 1%
UM B B 52

ER BER IR X R A OW F W & ¥ A#4 IEE XEE AXE

Hh [ Bk e 22 OGRS BB 7S B, ‘228 A 230031

WE FEHOCE TS 7 U0 RS BT 06 00T L 3R 2% 5 M 2R T R 1O A AR B 1 — T B, WX
J7 vk AT 701 R . SEI ISR OGRS A B R AL TR TR AR RS R Fe 1 22 4% i1 ik 2 i 57 9%
IR %% M, MR N7 1 il 2 6] Fe 1) H At J5 335 4 o B R AT 1 ROV, B2 R S0 I e 25 R 25 7E 15% LAY .
Hih Fe Ti.Ca®G U R WAFIE ISR K £, 5 5 H AT F W RRIE IS 287 28 T 5, 38 o 3 R vk il 52 B8 i 42 i 11U 5
P 5 7 Mn Y BE R 2% 2l 4, 2R T Min 405.89 nm 1% £ /5 FE , I 43 7 H Xt Pb 405.78 nm i £ YR . BF 5T
SRR, BIR 2% il 4k v LUK 2 R kS 20 4 B AR 1T, 9 BT LB xd 2 o ith 2o U i il

EKERE G WO S 9O SR S ik i R

hESES 06573 XERFRIRED A

doi: 10.3788/LOP52.103004

Research on Boltzmann Plot Used in Soil Laser Induced Breakdown
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Abstract As one of the most important ways to calculate the plasma temperature when the laser induced plasma
is under local thermal equilibrium condition, the use of Boltzmann algorithm is extended. The experiments prove
that the soil laser induced plasma is under local thermal equilibrium condition, then the Boltzmann plot is built by
several Fe atomic spectral lines. According to the fitting line, the intensity of other Fe spectral lines are calculated
and the error between the calculated and the experimental results is lower than 15%. The characteristic spectral lines
of Fe, Ti, Ca in soil are abundant and easy to overlap with other spectral lines. The method can assist identifying and
separating some unknown spectral lines. By building the Boltzmann plot of Mn, the intensity of 405.89 nm line is
calculated and its impact on the Pb 405.78 nm line is studied. The results show that this method can be applied in
the field of spectral line identification and separation.
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Table 1 Composition of the sample soil

Composition Content /%
Si0. 60.76
TiO. 0.55
Al O; 10.78

Fe,0, 2.79
MnO 0.058
MgO 1.83
CaO 9.07
Ni 23x10°°
Pb 19x10°°
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Table 2 Parameters of eight Fe spectral lines

Wavelength /nm GrAi E;
303.738 1.46x10° 33801.572
344.0606 1.20x10° 29056.324
356.538 3.86x10° 35767.564
357.0097 7.44x10° 35379.208
367.991 1.24x10" 27166.82
382.0425 6x10° 33095.941
388.628 3.70x10" 26140.179
404.581 7.76x10° 36686.176
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Fig.2 Multiline Boltzmann plot based on the data in table 2
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Table 3 Comparison of calculated results and experimental results

Wavelength /nm gA E; Calculated intensity Experimental intensity Deviation /%
305.908 1.47x10° 33095.941 4905 4416 11.07
347.545 4.88x10" 29469.024 3653.7 3962 -7.78
363.1463 4.65x10° 35257.324 7968 8755 -8.99
371.993 1.78x10° 26874.55 23643 21474 10.1
373.486 9.91x10° 33695.397 24291 26924 -9.78
385.991 8.72x10" 25899.989 14203 13255 7.15
393.0296 1.39x10" 26140.179 2095.4 1873 11.87
407.174 3.82x10° 37521.161 3336.2 3889 -14.21
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Table 4 Parameters of spectral lines which are possibly present

Wavelength /nm gA E, Calculated intensity
352.604 7.98x10° 29056.324 652
352.617 2.9x10" 36079.372 418
352.624 1.53%x10° 51461.67 50
352.638 2.89x10° 51460.518 93
352.647 6.45x10" 46727.074 67
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Table 5 Parameters of five Mn spectral lines

Wavelength /nm gA E,
380.672 7.1x10° 43314.23
403.076 1.4x10° 24802.25
403.307 9.9x10" 24788.05
403.449 6.32x10" 24779.32
404.136 7.87x10° 41787.48

—AF—
N slope: —1.67X10
intercept: —0.0565
—_ adj R-square: 0.9762
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Fig.5 Multiline Boltzmann plot based on the data in table 5
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