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Fig 1 Optical structure diagram of remote LIBS system
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Table 1 Standard values of GH4169 reference materials

Number Ni Cr Mo Nb Al Ti
GBW010081 43.89 22 21 403 6. 79 0. 68 1 42
GBW010082 48 60 20. 14 3. 57 6. 06 0. 62 L 21
GBW010083 52.47 18 46 3. 08 5 15 0. 41 0. 94
GBWO010084 56. 67 16. 86 2. 70 4. 51 0. 31 0. 75
GBW010085 60. 00 14. 87 2 29 3. 85 0. 14 0. 59
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Fig 2 The best D, ., D, at different working distances
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Fig 3 DOF at 5 m working distance
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Fig 4 The Variation of DOF with working distance
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Fig 6 Variation of spectral line intensity with working distance
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Fig 9 The standard curves of Ni (a, b), Cr (¢, d), Nb (e, f), Mo (g, h), Ti (h, i) and Al (j, k)
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Table 2 Comparison of analysis results between remote LIBS and XRF
Elements Methods w/ % Average/ % RE/% RSD/ %

Ni LIBS 51. 06, 52. 67, 52. 47, 52. 17, 53. 23, 50. 96 52. 09 0. 34 174
1

XRF 51. 07, 51. 10, 5L 01, 51. 16, 51. 13, 51. 09 51. 09 225 0. 10

c LIBS 17. 95, 18 46, 17. 78, 18 51, 19. 28, 18 36 18. 39 0. 92 2. 85

. XRF 18 45, 18 52, 18 49, 18 37, 18 35, 18 34 18 42 0. 76 0. 43

Nb LIBS 5 46, 4. 96, 5 03, 5 24, 5 06, 5 21 5 16 0. 21 351

XRF 512,507, 515, 5. 11, & 12, 5 10 5 11 0.72 0. 49

M LIBS 316, 3. 34, 3. 07, 3. 34, 3. 41, 3. 23 3. 26 0. 68 3. 90

© XRF 327, 3 24, 3.27, 3 24, 3. 27, 3. 27 3. 26 0. 64 0. 52

Ti LIBS 1. 09, 0. 93, 0. 96, 1. 03, 0. 98, 1 02 1. 00 2.75 5. 58

! XRF 0.97, 0.99, 1. 01, 0. 96, 0. 96, 1. 00 0. 98 4. 68 2. 39

Al LIBS 0. 59, 0. 64, 0. 58, 0. 62, 0. 64, 0. 63 0. 62 2.93 4. 15

XRF 0. 63, 0.59, 0. 61, 0. 65, 0. 58, 0. 66 0. 62 239 5. 02
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XRF, 3% 32 i 07 i 9 R 3ok ik, H— &l T LIBS ¥
e ik o f V) DB 9 R R BR AR AE ES TR, S E TR S
PR PEBR AR ; ok, R AR B YSBS41503—2012 35 4) 1
oz 36 38 2 K AR IR R T & 5T i (Spark-OES) 2 A%, Spark-OES

B 10 LIBSARZERREEWHRHHXRR
Fig 10 The relationship between LIBS test

result error and test times
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Abstract Based on the self-designed remote laser-induced breakdown spectroscopy (LIBS) system, the focusing characteristics
of remote LIBS were analyzed, and the experimental method of quantitative analysis of nickel-base superalloy by remote LIBS
was studied. In this LIBS system, the laser focusing and the plasma optical signal acquisition optical paths are coaxial and
independently focused. Through automatic focusing, the remote analysis of 1~10 m can be achieved. The results show that
affected by the depth of focus, the detectable range of plasma optical signal increases with the increase of working distance. That
is, the requirement of the LIBS system for focusing accuracy decreases. At the same time, the decrease of power density caused
by the increase of ablation spot size and the decrease of signal acquisition solid angle make the spectral line intensity attenuate in
inverse proportion to the fourth power as the working distance increases. In this paper, the standard curves of Ni, Cr, Nb, Mo,
Ti and Al in GH4169 nickel-based superalloy were established using the standard curve method without internal standard with
internal standard. The goodness of fit of the standard curve with internal standard (0. 999 7, 0. 999 4, 0. 999 87, 0. 999 1,
0. 998 1 and 0. 999 7) was significantly better than that of the standard curve without internal standard (0. 953 2, 0. 876 6,
0. 897 4, 0. 914 5, 0. 938 4 and 0. 991 6). Finally, LIBS and XRF were compared. For major elements Ni, Cr, Nb and Mo, the
relative standard deviations of the two methods were 1. 75% ~3. 90% and 0. 10% ~0. 52% . and the relative errors were 0. 48 %
~0. 92% and 0. 64% ~2. 25% , respectively; for trace elements Ti and al, the relative standard deviations of the two methods
were 5. 58%, 5. 86% and 2 39%, 5 64%, the relative error is 2 75%, 3. 14% and 4. 68%, 2 39% respectively. Due to the
instability of plasma, the precision of the remote LIBS method is slightly lower than that of the XRF method. However, LIBS
method can effectively reduce the measurement error through repeated measurements, which indicates that LIBS technology is

feasible for remote on-line analysis of nickel-based superalloys.

Keywords Laser-induced breakdown spectroscopy; Remote; Depth of focus; Standard curve method
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