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Abstract: Traditional laser-induced breakdown spectroscopy (LIBS) employing low-repetition-rate solid-
state lasers exhibits insufficient stability during extended continuous operation. Although fiber-laser-in-
duced breakdown spectroscopy (FL-LLIBS) offers superior long-term stability, its high repetition rate pos-
es challenges for conventional quantitative approaches, which typically rely on time-integrated spectra and
calibration with reference samples. To remove dependence on reference standards, a high-speed, high-rep-
etition-frequency triggered-gating system was implemented on an FL-LIBS platform to capture transient
plasma spectra. A calibration-free quantitative analysis algorithm was developed, and the Internal Refer-
ence Self-absorption Correction (IRSAC) method was improved to compensate for spectral self-absorp-
tion, thereby enhancing the accuracy of calibration-free quantification. Experimental results for TC4 titani-
um alloy indicate total analysis distance errors (DE) ranging from 0.883% to 3.928% (mass fraction) ,
corresponding to reductions of 16.879% to 26.597 % (mass fraction) relative to uncorrected self-absorp-
tion. These findings demonstrate that high-accuracy calibration-free quantitative analysis can be achieved
under high-repetition-frequency fiber laser ablation, offering a viable approach for LIBS systems that re-
quire prolonged continuous operation.

Key words: laser induced breakdown spectroscopy; fiber laser; quantitative analysis; self-absorption ef-

fect; calibration-free method
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Tab.1 Fiber laser parameters

Laser parameters Parameter values

Wavelength 1 064 nm
Maximum output power 31.1W
Pulse width 123 ns
Repetition rate 30~60 kHz
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Tab.2 Certified elemental composition of TC4 titanium

alloy
Sample W)/ % -
Al \Y% Ti
TC4-1 3.90 5.65 89.625
TC4-2 4.67 5.01 89.691
TC4-3 5. 38 3.41 90. 761
TC4-4 6.48 4.46 88.814
TC4-5 6.78 3.85 89.131
TC4-6 7.03 2.75 90. 097
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Tab.3 Selected analytical spectral lines of TC4 titanium alloy

Element Wavelength/nm
Til 291. 20 294. 82 295.61 318. 64 365. 34 385. 81 388. 28
392. 14 392.45 392. 98 399. 86 401. 35 403. 05
Till 274.65 275.16 276.48 278.06 280. 48 281.03 281.99
282.13 282.88 283.40 283.65 284.19 284.59 285.11
285.61 287.74 288.41 288. 89 289.11 292. 66 293.11
293. 60 293. 85 295. 88 297.91 301.72 302. 26 304. 67
305. 81 306. 62 306. 64 307.12 309.72 310. 51 310. 62
311.77 311.98 312.79 312. 85 313.08 314. 38 314. 80
315. 23 315.57 316. 18 316. 26 319. 57 321. 83 322.86
323.13 323.65 323. 90 325.19 325.29 325.42 326.19
327.16 327.67 332.17 333.78 334. 67 336.61 338.02
340. 24 340. 98 345. 24 346. 15 346. 55 347.71 348. 36
349. 10 359. 60 365. 97 376.13 390. 05 391. 34
VI 409. 26 409.97 410.51 411.17 411.51
VII 289. 26 290. 88 292.40
All 265. 24 266.03 308. 21 309. 27 394. 40 396. 15
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Fig.2 FL-LIBS spectrum of titanium alloy collected by
ICCD detector
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Fig.3 Saha-Boltzmann plots of Ti lines in six TC4 titanium alloy samples
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Fig.4 Self-absorption-corrected Boltzmann plots of Al, V and Ti in six TC4 titanium alloys using improved IRSAC tech-

nique
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Fig.5 Boltzmann plots for Al, V and Ti under uncorrected for self-absorption in six TC4 titanium alloys

~

PUE L, gead A W e iy e 1E 1l 45 SR A B e ) R
n L H A RE 04 ~29. 05

pE=SC,— M|, (8) ﬂ.,\ﬂlﬂnes I #E il (9 DE B 20. 807%0~29 4%/

= (JF 50 T3] 0. 883%~3.928% ; Lkt %

2 4 RN Y 2 50 YO e B s SF 28 ) i T Ti B RE M 10.191%~15.944% F & %

s

BAXWT BIED R TTEGSEMTNE, TCAkA £ %
C,— M, B TR L IR B AE 9 005~9 134 K, M FErpaf
REz‘ ‘x 100% , (7)




3040 b=

K TR

33 %

R4 TCAREEHARAAMAETENRERFEENBANNTEESSE

Tab.4 Electron temperatures calculated by two methods and predicted elemental concentrations in TC4 titanium alloy

TC4 titanium alloys Temperature /K W)/ % - DE/%
Al \Y% Ti

True value 3.9 5. 65 89.625 —
TC4-1 CF 4.974 19. 691 75.336 29.404
CF-IRSAC 1 4.912 4.231 90. 857 3. 664

True value 4.67 5.01 89.691 —
TC4-2 CF 4.998 19.112 75.889 28.232
CF-IRSAC 700 5.598 4.507 89. 895 1.636

True value — 5.38 3.41 90.761 —
TC4-3 CF 5.534 13. 884 80. 582 20. 807
CF-IRSAC Va7 4.13 2.92 92.949 3.928

True value 6.48 4.46 88. 814 —
TC4-4 CF 5.928 16.917 77.154 24.668
CF-IRSAC Izl 6. 547 4.046 89.408 1.075

True value 6.78 3.85 89.131 —
TC4-5 CF 6.172 13.78 80.048 19.622
CF-IRSAC 9280 6.458 4.07 89.472 0. 883

- True value 7.03 2.75 90.097 —
CF 9103 6. 006 13. 106 80. 887 20.59

CF-IRSAC 5.824 2.537 91.639 2.96

0.227%~2.411% ;6% V ) RE M 248. 508 % ~
376.595% FK&EF| 5.708%~25.120% . H 4k JC
E AW RE JF LK KX 5, CF k8 2.866% ~
27.533%, iii CF~IRSAC ¥ K 1.030%~
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Fig. 6 Calibration-free determination for content of Al, V and Ti in six TC4 titanium alloys (50 sets of measurement data

for each)
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