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ABSTRACT: Objective To establish a safety, rapid, cost-effective and reliable analytical method for trace elements
detection in aluminum foil based on fiber laser induced breakdown spectroscopy. Methods Using standards to
evaluate analytical sensitivity and limit of detection of fiber laser induced breakdown spectroscopy after optimization

of laser pulse width, pulse energy, repetition rate and baseline-correction, and the optimized method was applied to
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analyze trace elements in aluminum foil samples. Results

Calibration curves for most elements achieved regression

coefficients up to 0.99. Detection sensitivity and limit of detection followed the descending order of

Mn>Cr>Cu>Ti>Mg>Fe>Zn>Si, and the average relative error of leave-one-out cross validation of all the elements

was 14.45%. The detection results of 8 kinds of trace elements in 27 kinds of aluminum foil samples showed that Fe

and Si were frequently detected, while Cu and Ti elements were rarely detected and Cr, Mg, Mn and Zn elements

were not detected. Conclusion This method requires no sample preparation, offers rapid analysis speed, and enables

simultaneous multi-element detection with high sensitivity, which promisingly makes it a reliable approach for rapid

determination of trace elements in aluminum foil.

KEY WORDS: fiber laser; laser induced breakdown spectroscopy; aluminum foil; fast detection; trace elements
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Table 1 Mass concentration of each element in the aluminum alloy standards (%)

Bt i = Cr Cu Fe Mg Mn Si Ti Zn
ZBYS523a 0.2570 0.2900 0.546 1.0000 0.0940 0.640 0.0220 0.0170
ZBY524a 0.0200 0.0710 0.187 0.5400 0.0550 0.419 0.0055 0.0130
ZBY528 0.0007 0.0006 0.086 0.0072 0.0014 0.046 0.0097 0.0028
ZBYS531 0.0150 0.2430 0.284 0.5410 0.0530 9.380 0.0500 0.0720
ZBYS533 0.0025 1.0700 0.215 0.4000 0.3940 7.940 0.2040 0.0032
ZBY534 0.0320 2.0900 1.330 0.0320 0.2100 10.330 0.0470 0.2170
ZBY538 0.0022 0.0900 0.396 0.0046 1.0800 0.079 0.0360 0.0033
ZBY540 0.0012 0.0057 0.082 0.5990 0.0016 0.509 0.0160 0.0026

F2 27T HMEBEREBER
Table 2 Commercial information of 27 kinds of
aluminum foil brands
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Fig.l1 Schematic diagram of fiber laser induced breakdown
spectroscopy analytical platform
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Table 3 Relationship between adjustable pulse width and
energy of fiber laser

_ \ _ :
%ﬁmsﬁgg;,ﬁgﬁh Wkt /s ﬁgih ﬁiiﬁ
1 0.033 1500 45 0.556 90
2 0.056 900 60 0.625 80
4 0.089 560 80 0.714 70
6 0.125 400 100 0.769 65
9 0.167 300 150 2.083 24
13 0.238 210 200 2.500 20
20 0.333 150 250 2.941 17
30 0.455 110 350 4.167 12
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Fig.2 Original spectrum (black line) and fitted baseline (red line) of
the aluminum standard of ZBY523a
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Fig.5 Variation of maximum LIBS signal intensity under
different laser pulse widths
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Table 4 LOD for 8 kinds of trace elements in aluminum sample
Cr Cu Fe Mg Mn Si Ti Zn

RIYPEES 415158 358198 50785 60501 630357 29795 127369 32870
% o 12.48 12.88 15.03 15.86 17.02 17.99 17.99 15.49
LOD/(ug/g) 0.90 1.08 8.88 7.87 0.81 18.11 424 14.14

% ICE LOD Wik 4 Frw, M BE 0 HE 7 2 ®5 ZWHETETHENRE)

Mn>Cr>Cu>Ti>Mg>Fe>Zn>Si, Si E&KAY, ZH N ER
4B TE, HERKeE, HEF. 8 FREKITIFHE
FIRE UL, BT LA S5 4500 N MR IR T R S R e 33
2. Mn 2 Y, S EONE BB AR B, 1R
TR HIB B (F T 2% B B ARRH T BB AR R R (5 % o

N T VA B A BT HERR B, ABER TS MR TR
i1 P B8 — 9 32 U AIE PRI 4 44 P B A R 25 (average
relative error, ARE), H:# k=X WA (3):

[% —x; |

ARE/%=1203" (3)

n i=1 x

K n AR, £ R | BTIOMRBE, x, MREAR i 1Y
SERRURE

B ICE B R2E I 5 BTw, s BRI HE T =
Zn>Fe>Si>Ti>Cu>Mg>Cr>Mn ., S ANRH, FFA LK
ARE B}y 14.45%, i W13 Ay 1 BEAS RRUER | Pk it 73
Brib b 2Rt R GBI

Table 5 Averaged relative error of each trace element (%)

Cr Cu Fe Mg Mn Si Ti Zn

ARE 8.15 1395 2229 12.83 2.75 17.12 15.82 22.7

23 MEHRERERENSER

27 FhERTEACKHE A ) 8 R T KI5 SR WA 6,
RFR, Cr. Mg, Mn. Zn JGERHRKH, Cu, Ti TLHEKEH
AL, Fe SionHE A AR Z A 5, JLT- AT # S A0
o AT HEIFHM S R TR AR, S TR
JEA RS R I BUE A TP I R AR i 22, 25 SR A
8 fiimn, AILLEH Fe. Si frEERmMTE, HELSFER
HRRSE A A v, AR 2R, Cu A Ti A A A H K
R, EEE Cr AR, TR AAR L s,
J3—JrTH, FrA R IT R B bR UE R 22 AR, LIS A AR
AP LR S 22 R ROR, ATREAS A R A i R v
T AR TZ,

&6 27 MEBEAKRN S MHELRRNERSE(e/y)

Table 6 Content of 8 kinds of trace elements detected in 27 Kinds of brands of aluminum foil samples (ng/g)

JLR Cr Cu Fe Mg Mn Si Ti Zn
1 N.D. N.D. 989.78+179.39 N.D. N.D. 692.03+59.83 N.D. N.D.
2 N.D. N.D. 1639.89+309.57 N.D. N.D. 1377.40+258.88 N.D. N.D.
3 N.D. N.D. N.D. N.D. N.D. 500.69+76.28 N.D. N.D.
4 N.D. 14.78+3.57 1701.77+244.61 N.D. N.D. 1234.26+240.53 N.D. N.D.
5 N.D. 18.28+6.70 10.33+4.09 N.D. N.D. 410.27+92.24 N.D. N.D.
6 N.D. 69.60+14.75 557.39+92.84 N.D. N.D. 1258.52+242.58 N.D. N.D.
7 N.D. N.D. 1479.02+148.31 N.D. N.D. 1337.96+240.43 N.D. N.D.
8 N.D. 8.43+4.71 N.D. N.D. N.D. 548.83+114.92 N.D. N.D.
9 N.D. 30.62+8.05 N.D. N.D. N.D. 553.66+83.24 N.D. N.D.
10 N.D. 3.57+6.48 N.D. N.D. N.D. 443.16+123.44 N.D. N.D.
11 N.D. N.D. N.D. N.D. N.D. 374.76+82.08 N.D. N.D.
12 N.D. 188.16+36.07 2733.83+336.05 N.D. N.D. 1649.33+191.53 46.28+17.85 N.D.
13 N.D. 5.40+4.00 1906.21+324.68 N.D. N.D. 1587.95+362.79 N.D. N.D.
14 N.D. N.D. N.D. N.D. N.D. 462.74+129.88 N.D. N.D.
15 N.D. N.D. 343.61+52.96 N.D. N.D. 1045.31£175.07 N.D. N.D.
16 N.D. 7.24+6.53 49.86+15.88 N.D. N.D. N.D. N.D. N.D.
17 N.D. N.D. 495.75+28.16 N.D. N.D. 832.04+122.82 N.D. N.D.
18 N.D. 121.67+29.52 2207.98+433.86 N.D. N.D. 906.65+104.08 N.D. N.D.
19 N.D. N.D. 111.35+27.45 N.D. N.D. N.D. N.D. N.D.

20 N.D. 21.96+6.45 3005.57+590.74 N.D. N.D. 1913.09+261.54 61.94+15.97 N.D.
21 N.D. N.D. N.D. N.D. N.D. 450.14+91.11 N.D. N.D.
22 N.D. N.D. 1418.49+211.96 N.D. N.D. 1182.18+207.93 N.D. N.D.
23 N.D. N.D. 2149.00+220.57 N.D. N.D. 1106.53+261.21 N.D. N.D.
24 N.D. 8.95+2.63 282.57+29.22 N.D. N.D. 1120.68+155.99 N.D. N.D.
25 N.D. N.D. N.D. N.D. N.D. 543.53+78.44 N.D. N.D.
26 N.D. 2.98+1.63 N.D. N.D. N.D. 575.98+90.39 N.D. N.D.
27 N.D. N.D. 1919.40+344.48 N.D. N.D. 673.68+132.01 N.D. N.D.

E: N.DACERARAH
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