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ABSTRACT 
Trace elemental identification of Cr deposited on a material target was made using metal-supported laser-induced 
breakdown spectroscopy. Experimentally, an almite material containing a trace element of Cr on its surface was 
perpendicularly placed on a Cu metal plate. A pulse CO2 laser beam was irradiated on the Cu plate to produce a 
plasma. The plasma then interacts with the trace elements deposited on the material surface, and finally, the elements 
are effectively excited in the gas plasma region. The role of laser irradiation in the analyte intensity was examined. 
The results certified that the intensity of impurity decreased with the number of laser bombardments on the material 
target. Furthermore, rapid identification and analysis of Cr as a trace element can be made successfully. The limit 
detection of Cr as a trace element was 1 mg/kg. This method has a great deal of promise for use in the surface 
examination of material businesses to systematically check the material's quality. 
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INTRODUCTION 
Trace elemental analysis of material targets is very urgent in many fields such as material science and 
industry.1-3 In material science, trace elements deposited on the fabricated material can reduce the quality 
of the material. In industry, trace metal analysis is necessary for the quality control of material products. 
The methods commonly used to identify the trace elements on a material include XRF (X-ray fluorescence) 
and XRD (X-ray diffraction) spectroscopies.4-8 Using those techniques, trace elements in material targets 
can be identified and analyzed with a sensitivity of tens to hundreds ppm level. However, the technique 
requires tedious sample preparation, still lacks sensitivity and is high-cost in an instrumentation system. 
Laser-induced breakdown spectroscopy (LIBS) is a leading method for conducting the identification and 
analysis of elements on a variety of materials, including liquids, gases, and solids.9-14 The most common 
energy source utilized to excite and ionize atoms ablated from the material target is a high-intensity Nd: 
YAG laser.15 Spectrometers are used to get spectra of elements emitted from a plasma generated on the 
target of material.16 The LIBS technique is powerful and superior compared to other elemental techniques 
such as XRD and XRF. Namely, the technique is less sample pretreatment, quite sensitive, and quite a low 
cost in the analytical instrument. This technique has been employed in many fields including materials,17 
energy,18-19 environments,20-21 and space.22-23 However, for analysis of trace elements deposits on the surface 
of the material, the material itself will ablate and break when the pulse laser is irradiated on the material's 
surface, and as a result, the analytical emission lines from the material will perturb the trace elemental lines. 
As a result, this approach cannot be utilized to perform elemental analysis on material surfaces. In the 
opposite way, we carried out a soft material investigation using a pulse CO2 laser.  
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This laser is appropriate for soft materials, this is due to its longer wavelength and longer pulse duration 
than the case of the Nd: YAG laser.24 As a result, plasma absorption is much more effective in producing 
high-temperature and large-volume plasma because it is proportional to the inverse square of laser light 
frequency. Using this laser, we have also applied LIBS to perform surface analysis of materials. However, 
we noticed that the sensitivity is quite low, especially for the analysis of the Elamite sample. In this study, 
we present a novel method for analyzing trace elements on a material surface using a metal plate-supported 
plasma-induced TEA CO2 laser. In an experiment, a metal plate had a material target mounted 
perpendicularly to it. The laser produced a large volume and high-intense plasma when it was directed at a 
metal plate. The trace element that has been deposited on the material surface is then immediately contacted 
by the plasma. Finally, the trace elements enter the plasma area where they will be excited. The examination 
of a trace element on a material surface has been effectively completed using the current technique with 
minimal material ablation. 
 

EXPERIMENTAL 
Almite solid sample (Al2O3) was the sample target used in this investigation. The sample contains some 
impurities including Ca and Na. The sample also contains Cr at a concentration of 25 mg/kg. During an 
experiment, the sample was kept in a chamber with a dimension of 12 cm3. In the metal chamber used for 
the experiment, 99.999 % helium gas was flowing while the surrounding gas pressure was maintained at 1 
atmosphere. The gas flowed at a rate of 4 liters per minute (Lpm). Figure-1 shows an illustration of the 
experimental setup used in this work. A material target was set perpendicularly with a Cu metal plate. 
 

 
 
 
 
 
 
 
 

Fig.-1: Experimental Setup Used in This Work 
 

During an experiment, a 20 cm focal length ZnSe lens was used to focus a pulsed TEA CO2 laser (10.64 m, 
200 ns) beam on a Cu metal plate in order to create a large-volume plasma. The laser energy of 750 mJ was 
chosen; It must be noted that no Cu metal was ablated during the laser bombardment. Only high-intensity 
gas plasma could be created using the metal plate. The plasma then came into direct contact with trace 
elements that had been applied to a material target. The plasma emission was then transmitted via optical 
fiber into an optical multichannel analyzer (OMA) system. The OMA systems were configured in time-
gated mode with 10 µs and 100 µs gate delays and gate widths, respectively. 
 

RESULTS AND DISCUSSION 
First, the examination of the trace elements deposited on the material surface of the almite sample was 
carried out using a standard method of pulse CO2 laser-induced breakdown spectroscopy without assisting 
a metal Cu plate; namely, the pulse laser was directly focused on the material surface. In particular, the 
almite sample served as the material target. The surface of the almite material has deposits of the trace 
elements of Ca and Na. 
Figure-2 displays the emission spectra obtained from an almite sample at wavelengths between 360 and 
410 nm using 20, 40, and 60 laser pulses, respectively. Ionic Ca lines' emission spectra at 393.3 nm and 
396.8 nm clearly shows high intensity and little background emission. The neutral He line at 388.8 nm 
manifests with strong intensity. The He surrounding gas employed in this study led to the formation of this 
emission line. Additionally, emission lines that definitely belong to neutral Al lines can be seen at 394.1 
nm and 396.1 nm. These lines originate from the actual almite sample. Additionally, it should be noted that 
when the number of laser shots increases, the intensity of all analyte emission lines, with the exception of 
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He I at 388.8 nm, drops. This proved that the trace elements deposited on the almite surface are finished as 
the number of laser shots increases since they have already entered the gas plasma area to be excited. 

 
Fig.-2: Emission Spectrum of Ionic Ca Obtained from the Almite Sample Using Standard CO2 LIBS 

 
 

 
Fig.-3: Emission Spectrum of Na Obtained from the Almite Sample Using Standard CO2 LIBS 

 

The other trace element of Na deposited on the almite sample was also identified using the ordinary pulse 
CO2 LIBS. Figure-3 shows the emission spectrum of Na at the wavelength of 588.9 nm and 589.5 nm. The 
spectrum was identified clearly with quite high intensity and low background emission together with the 
triplet He emission at 587.5 nm. With increasing the number of laser shots, the emission intensity of Na 
lines diminished after 40 laser shots. It should be noticed that even the ordinary LIBS using pulse TEA CO2 
laser can be used to identify impurities on the material surface, the sensitivity detection is still quite low 
and the material itself is so much ablated by direct laser bombardment. We developed a novel metal-
supported laser plasma approach to address the issue, as shown in Fig.-1. In comparison to the instance of 
plasma generated using a regular Nd: YAG laser, the generation of gas plasma utilizing a TEA CO2 laser 
with the assistance of a metal plate is very advanced. In this instance, when the laser beam was focused on 
a metal surface, multiphoton absorption via the photoelectric effect prevented any metal from being ablated 
and only caused electrons to escape from the metal surface. The electrons then speed in the laser's electric 
field and crash with gaseous particles to create a gas plasma. As an excitation source for the target material's 
atoms, the plasma is employed. First, we applied the developed technique for the identification of the trace 
elements as the same sample used in the previous Fig.-2 and Fig.-3. Figure-4 displays the emission spectrum 
of Ca using the developed technique of metal-supported laser plasma. 
Along with the emission lines of Al, high ionic Ca emission intensity is clearly visible between 393.3 and 
396.8 nm. As seen in Fig.-4, the intensity of ionic Ca is noticeably higher than it would be for a standard 
LIBS (Fig.-2). In addition, the Al lines are substantially less intense than the Al lines produced utilizing the 
mesh-assisted gas plasma approach described in our earlier work.25 This outcome demonstrated that the 
current method contributes significantly less ablation of the material sample than the prior method did, as 
well as effective dissociation and excitation of trace elements. 
It should be emphasized that the new technology has a lot lower laser intensity than standard LIBS or the 
earlier mesh-aided gas plasma technique because the laser is not directly focused on the material itself. The 
metal was positioned perpendicular to the material target, and the laser was directed at it.  
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Fig.-4: Emission Spectrum of Ca Taken from the Almite Sample Using Developed Technique of Metal-Supported 

Laser-Induced Breakdown Spectroscopy 
 

A significant volume of gas plasma was created just above the material surface when the laser impinged on 
the metal surface. It is proposed that the trace element put on the material surface directly interacts with the 
gas plasma. After that, the trace elements enter the gas plasma area to be excited. Comparing the developed 
method to the case of standard LIBS and mesh-assisted gas plasma, the intensity of the trace element is 
substantially higher. This may be due to the fact that the plasma in the developed technique directly interacts 
with the trace elements in a wider area, resulting in a much higher concentration of trace elements that enter 
and dissociate in the gas plasma region than in the case of standard LIBS and mesh-assisted gas plasma 
technique. 

 
Fig.-5: Emission Spectrum of Nataken from the Almite Sample Using Developed Technique of Metal-Supported 

Laser-Induced Breakdown Spectroscopy 
 

Further analysis is made for Na impurity deposited on an almite surface. Figure-5 displays the emission 
spectrum of Na obtained from the almite surface. Together with the He emission line at 587.5 nm, which 
was contributed by the He surrounding gas, very clear Na emission lines also appears at 588.9 nm and 589.6 
nm. In the case of the developed technique in comparison to the standard LIBS (Fig.-3), the intensity of the 
Na lines is significantly higher. 
The developed was then used to analyze the Cr element that had been deposited on the surface of the 
material. Figure-6 displays the Cr emission spectrum as measured from the material's surface of almite 
containing 25 mg/kg Cr. With strong emission intensity and little background emission, specific triple 
emission lines of Cr at the wavelengths of 325.4 nm, 327.4 nm, and 328.9 nm are clearly visible. High-
intensity Ca emission lines can also be seen at 422.6 nm, which corresponds to the neutral Ca line. The 
limit of detection for Cr as a trace element deposited on the surface of the material using this method was 
1 mg/kg; it was calculated by dividing the three times noise by the analyte's emission intensity. It is possible 
to perform surface analysis using this method with good sensitivity and minimal material ablation. 
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Fig.-6: Emission Spectrum of Cr Taken from the Almite Sample Using Developed Technique of  
Metal-Supported Laser-Induced Breakdown Spectroscopy 

 

CONCLUSION 
Metal-supported laser-induced gas plasma spectroscopy with a pulsed TEA CO2 laser was used to identify 
and analyze a trace element on the material surface of an analyte sample target. This method involved 
placing a substance on a metal plate perpendicularly that had a trace element on its surface. The trace 
elements that have been deposited on the surface of the material interact with the gas plasma created by 
helping the metal plate, and eventually the elements are excited and separated there. This method 
successfully enables the quick detection and analysis of trace elements. On a material surface, the limit of 
detection for Cr was calculated to be 1 mg/kg. This method has a great deal of promise for use in the surface 
examination of material businesses to systematically check the material's quality. 
 

ACKNOWLEDGEMENT 
The authors would like to thank Diponegoro University for research funding under the research grant of 
World Class Research Universitas Diponegoro 2021 and 2022 under contract numbers 118-
10/UN7.6.1/PP/2021. 

REFERENCES 
1. A. Khumaeni, W. S. Budi, K. Kurihara, H. Kurniawan and K. Kagawa, Heliyon, 6(8), e04670(2020), 

https://doi.org/10.1016/j.heliyon.2020.e04670    
2. R. J. C. Brown and M. J. T. Milton, TrAC Trends in Analytical Chemistry, 24(3), 266(2005), 

https://doi.org/10.1016/j.trac.2004.11.010  
3. International Atomic Energy Agency (IAEA), Elemental Analysis of Biological Materials Current 

Problems and Techniques with Special Reference to Trace Elements, IAEA, Vienna, p.39(1980), ISBN 
92-0-115080-6, https://inis.iaea.org/collection/NCLCollectionStore/_Public/11/564/11564331.pdf  

4. R. Terzano, M. A. Denecke, G. Falkenberg, B. Miller, D. Paterson and K. Janssens, Pure Applied 
Chemistry, 91(6), 1029(2019), https://doi.org/10.1515%2Fpac-2018-0605  

5. E. T. Bergslien, M. Bush and P. J. Bush, Forensic Science International, 175(2–3), 218(2008), 
https://doi.org/10.1016/j.forsciint.2007.07.004    

6. E. Bulska and A. Ruszczyńska, Physical Sciences Reviews, 20178002(2017), 
https://doi.org/10.1515/psr-2017-8002   

7. A. Ali, Y. W. Chiang and R. M. Santos, Minerals, 12(205), 205(2022), 
https://doi.org/10.3390/min12020205   

8. A. M. Cuevas, F. Bernardini, A. Gianoncelli, C. Tuniz, X-Ray Spectrometry, 44(6), 105(2015), 
https://doi.org/10.1002/xrs.2585   

0

5000

10000

15000

20000

25000

30000

35000

410 420 430 440 450

In
te

n
si

ty
 (

ar
b.

u
ni

ts
)

Wavelength (nm)

Ca I 422.6 nm 

Cr I 425.4 nm 
Cr I 427.4 nm 

Cr I 428.9 nm 



 
 Vol. 15 | No. 4 |2767-2772| October - December | 2022 

2772 
LASER-INDUCED BREAKDOWN SPECTROSCOPY                                                                                                                 A. Khumaeni et al. 

9. V. Lazic, F. Colao, R. Fantoni, V. Spizzichino and S. Jovicevic, AIP Conference Proceedings, 876, 
309(2006), https://doi.org/10.1063/1.2406040   

10. H. Suyanto, N. N. Rupiasih, T. B. Winardi, M. Manurung and K. H. Kurniawan, AIP Conf. Proc., 1555, 
14(2013), http://dx.doi.org/10.1063/1.4820982   

11. H. A. Harun and R. Zainal, Journal of Nonlinear Optical Physics & Materials, 27(2), 1850023(2018), 
http://dx.doi.org/10.1142/S0218863518500236   

12. Lixuan Han, Caihong Ma, Zhi-Xing Gao, Xiuzhang Tang, Proc. SPIE, 944931(2015), 
https://doi.org/10.1117/12.2085053   

13. S. J. Rehse, H. Salimnia, A.W. Miziolek, Journal of Medical Engineering & Technology, 36(2), 
77(2012), http://dx.doi.org/10.3109/03091902.2011.645946   

14. F. Anabitarte, A. Cobo and J. M. Lopez-Higuera, International Scholarly Research Notices, 2012, 
285240(2012), https://doi.org/10.5402/2012/285240    

15. N. Selvakumar and H. C. Barshilia, Solar Energy Materials and Solar Cells, 98, 1(2012), 
https://doi.org/10.1016/j.solmat.2011.10.028   

16. D. Anggraini, A. Khumaeni, B. S. Hartadi, H. Sugito and A. Y. Wardaya, Journal of Physics: 
Conference Series, 1524, 012023(2020), https://doi.org/10.1088/1742-6596/1524/1/012023   

17. A. Khumaeni, W. S. Budi, K. H. Kurniawan and K. Kurihara, Journal of King Saud University-Science, 
34(3), 103474(2022), https://doi.org/10.1016/j.arabjc.2021.103474   

18. D. W. Hahn and N.´Omenetto, Applied Spectroscopy, 66(4), 347(2012), https://doi.org/10.1366/11-
06574   

19. Y. Zhang, T. Zhang and H. Li, Spectrochimica Acta Part B Atomic Spectroscopy, 181, 106218(2021), 
http://doi.org/10.1016/j.sab.2021.106218   

20. V. K. Singh, J. Sharma, A. K. Pathak, C. T. Ghany and M. A. Gondal, Biophysical Review, 10(5), 
1221(2018), https://doi.org/10.1007%2Fs12551-018-0465-9   

21. M. K. Jean-Noël, K. T. Arthur and B. Jean-Marc, Journal of Environmental Science and Public Health, 
4(3), 134(2020), https://doi.org/10.26502/jesph.96120090   

22. A. K. Knight, N. L. Scherbarth, D. A. Cremers, M. J. Ferris, Journal of Applied Spectroscopy, 54(3), 
331(2000), https://doi.org/10.1366%2F0003702001949591   

23. N. Guvvala, M. S. Babu, S. Ramanujam, IET Science, Measurement & Technology, 14(10), 
1069(2020), https://doi.org/10.1049/iet-smt.2020.0342   

24. A. Khumaeni, H. Niki, K.-ichi. Fukumoto, Y. Deguchi, K. Kurihara, K. Kagawa, Y. I. Lee, Current 
Applied Physics, 11(3), 423(2011), http://doi.org/10.1016/j.cap.2010.08.012   

25. A. Khumaeni and W. S. Budi, Journal of Physics: Conference Series, 1217, 012004(2019), 
https://doi.org/10.1088/1742-6596/1217/1/012004  

[RJC-8082/2022] 
 


