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 Laser-Induced Breakdown Spectroscopy (LIBS) is a spectroscopy-based measurement 

technique that is capable of rapid and accurate qualitative, as well as quantitative, analysis 

of elemental ingredients either in solid (either for organic or inorganic compounds), liquid, 

or gaseous samples. Unfortunately, this is not the case for powdered samples, where the 

focused laser beam will disperse the powder. This can be overcome by making the powder 

into pellets. But it has an inherent drawback, i.e., the minimum amount of powder is about 

0.2 g to obtain a good detectable signal. To cope with this unfavorable condition, 

especially for the amount of powder less than 0.1 mg, we proposed a sub-target deposition 

method to make the pellets in this reported work. Using this method, the analyzed powder 

was deposited into an indented hole on a pellet substrate of KBr with the following 

optimum conditions, i.e., pellet's pressing pressure of 400 kPa, laser energy of 120 mJ, and 

a sample's heating temperature of 70℃. Microanalyses of standard powdered samples of 

PbO, CuO, and ZnO have been carried out with estimated detection limits of 4.7 μg, 4.6 

μg, and 3.9 μg, respectively. So, this method can be used to analyze small amounts (in the 

microgram range) of powdered samples. 
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1. INTRODUCTION 

 

Laser-induced Breakdown spectroscopy (LIBS) offers 

several advantages, i.e., it can be implemented rapidly and 

accurately on solid and gas samples without any sample 

preparation and can be categorized as a non-contact 

measurement technique. Unfortunately, it cannot be 

implemented directly onto powdered samples since the 

focused laser will disperse the powder, which will cause 

different located focal points among subsequent laser pulses. 

The dispersed powder that is caused by one pulse will absorb 

the next coming pulse and will lead to fluctuations in the laser's 

density used for ablating the samples [1]. Variation in density 

of laser irradiation will decrease the measurement's 

reproducibility, i.e., increase the value of relative standard 

deviation (RSTD) of the LIBS data [2-4] and will deteriorate 

the limit of detection (LOD) of powdered samples 

measurement in comparison to that of solid and gaseous 

samples.  

Several methods have been tried by many researchers in 

order to increase the performance of the LIBS technique in 

analyzing powdered samples, one of which is by making the 

powder in pellet form [5, 6]. To improve the reproducibility of 

LIBS data, they varied several parameters required for making 

the pellets, i.e. pressing pressure, size of powder, using 

binding agents, as well as the ones for measurements, i.e. 

varying the pellet's temperature and laser focal points before 

analyzing [7-9]. However, this method has a disadvantage in 

that it requires a sufficient amount of powder, which is on the 

order of a gram (0.4 g). Hence, for very small amounts of 

samples, i.e., in the range of milli-to-microgram, it is very 

difficult to implement this method. Thus, this method is not 

suitable for expensive powdered samples as well as for cases 

where there is a very limited quantity of samples available for 

analysis. Additionally, this method is not suitable for those that 

are reactive to air, such as CrO powder. 

Meanwhile, another group of researchers performed LIBS 

analysis on powdered samples without converting them to 

pellets [10, 11]. To avoid the dispersion of powder samples 

during laser irradiation, they fabricated a specific holder, 

which was called the confinement plasma. A small hole of 

diameter 3 mm with a depth of 13 mm was made for holding 

the powder samples for further irradiation (11). Even if the 

spectra and its calibration curve are good enough, it still 

requires a sufficient quantity of powder, i.e., about 0.3 grams. 

Another effort to reduce the amount of required powder 

sample for direct analysis has been reported by another group 

of researchers, i.e., employing the sub-target method [12-17]. 

In this method, the powder sample should be priorly 

smoothened into a particle size of around 20–30 m. This size 

range is the one that is suitable for making a thin film [12, 13], 

but it becomes difficult when we have an insufficient amount 

of powder, and it is impossible to reuse the damaged sample 

for further inspection. Then 1 mg of smoothened powder 

sample is mixed with binding agents, such as high vacuum 

silicone grease [14] or oil [15], before being deposited onto a 

sub-target material.  

For a large number of powder samples, the researcher 
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employed sub-target supported by micro mesh as a powder 

sample holder [16, 17]. The use of a micro-mesh supported 

sub-target as a holder was intended to provide a greater recoil 

effect when the focused laser beam reached the sample. In 

LIBS, as the focused laser beam impinges onto the sample, it 

will generate a laser-induced shock wave. The stronger the 

binding of the target atoms, the stronger the recoil force will 

be. This will eventually lead to the more intense shock-wave 

generated. This more intense shock-wave will excite more 

atoms, allowing for greater intensity to be acquired for 

analysis [16, 17]. In addition, the measurement needs to be 

performed under environmental pressure condition of 0.65 kPa. 

The proposed technique reported in this work has almost a 

similar aim to the use of micro-mesh supported sub-target, i.e., 

to provide a stronger recoil effect from the deposited powder 

sample, but with the uniqueness that much less powder sample 

is required, i.e., less than 0.1 mg. When the micro-mesh 

supported sub-target is used, it is not possible to analyze such 

a small number of powder samples to provide a sufficiently 

low limit of detection. Additionally, using the proposed 

preparation technique, the measurement can still being 

performed under normal atmospheric condition.  

 

 

2. MATERIALS AND METHODS 

 

2.1 Sample preparation  

 

The steps of the procedure for sample preparation are 

sketched in Figure 1, with the sequence as indicated by the 

arrow. Firstly, an encircled self-adhesive tape (thickness of 

0.01 mm and a diameter of about 2 mm) was attached onto the 

stainless-steel circle slab, and then the stainless-steel 

concentric cylinder was laid down onto the slab, with its inner 

diameter encircled the tape. Then 0.4 g of KBr powder was 

poured into the holder, followed by pressing the stainless-steel 

presser with a pressure of 200 kPa to solidify and mold the 

powder, which, in turn, acts as the matrix binding agent for the 

powder sample that will be analyzed [9]. The formed KBr 

pellet was then turned upside down, with the small circle 

indentation made from the self-adhesive tape facing up. The 

powder to be analyzed was then poured into this indentation 

hole and pressed with a pressure of 400 kPa to evenly deposit 

the powder into the indented hole. Using this technique, the 

powder will be well deposited into the indented hole on the 

KBr pellet. The deposited analyzed powder was then ready for 

LIBS measurement. 

 

 
 

Figure 1. Steps of sample preparation 

 

 

2.2 Experimental set-up 

 

The experimental set-up used in this work is depicted in 

Figure 2 as follow. 

 
 

Figure 2. Experimental setup 

 

The commercial LIBS system consists of components of 

camera with a magnification of 150 for monitoring the 

investigation chamber, Nd:YAG laser, and an Ocean Optics 

HR 2500+ spectrometer. This system is also equipped with the 

OOILIBS for controlling the acquisition process and with the 

AddLIBS software [18] for analyzing the resulted spectra data. 

Parameters used in the experiments can be given in Table 1. 

 

Table 1. Setting parameters of LIBS system’s components 

used in the experiments 

 
Components Setting parameters 

Nd: YAG laser 

𝜆𝑒𝑥𝑐𝑖𝑡𝑎𝑡𝑖𝑜𝑛: 1064 nm 

frequency: 10 Hz 

pulse width: 7 ns 

energy per pulse: 80 mJ, 100 mJ, 120 mJ, 

140 mJ, and 160 mJ 

HR 2500+ 

spectrometer 

number of pixels: 14,336 

Sensitivity region: 200 – 890 nm 

Number of averaging: 4 shots 

Delay time before acquisition: 0.5 s 

 

The diameter of Nd:YAG laser used was 2 mm, and this 

beam was then focused through a 10 cm focal length biconvex 

lens to provide focused beam with diameter of 100 m onto 

the deposited powder sample. This focused laser beam will 

provide energy density of 200 times higher than the unfocused 

one. Such an intense laser beam is required to generate plasma 

from the deposited powder sample. The resulted emission 

radiation from the generated plasma was then captured by the 

optical multichannel analyzer of the spectrometer HR 2500+. 

 

2.3 Experimental procedure 

 

In order to obtain good measurement results, the following 

experimental design was used: Firstly, determining the best 

parameters for preparing the sample (i.e., applying pressure for 

depositing the powder onto the KBr pellet and heating 

temperature), and secondly, determining the experiment's 

optimum acquisition parameters. The powder samples used in 

this experiment were standard powders of PbO, CuO, and ZnO. 

In the first step, the standard powdered samples were 

subjected to a variation of applied pressure in order to be 

evenly and firmly deposited onto the KBr pellet. The pressure 

variations applied were 200, 300, 400, 500, and 600 kPa. It 
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was then followed by the variation of heating temperatures of 

30, 40, 50, 60, 70, 80, and 90℃. After preparation, samples 

were ready for LIBS measurements using various laser 

energies per pulse of 80 mJ, 100 mJ, 120 mJ, 140 mJ, and 160 

mJ. For each of the variation combinations, the microanalysis 

(a.k.a. quantitative powdered sample analysis) was carried out 

to determine the lowest amount of powder sample detectable 

by this method. 

 

 

3. RESULTS AND DISCUSSIONS 
 

3.1 Determination of optimum applied pressure and laser 

energy 

 

Optimum experimental conditions, i.e., the optimum 

pressure in making pellet as a sub-target material, deposition 

temperature, as well as laser energy, need to be achieved 

before performing micro analysis of the powder samples. Each 

pellet is made of 0.4 gram of KBr powder under different 

pressure variations, followed by depositing the analyzed 

powder under different applied pressures and heating 

temperatures. Each of the analyzed powders deposited onto the 

pellet was then irradiated using laser energy of 80 mJ, 100 mJ, 

120 mJ, 140 mJ, and 160 mJ to produce plasmas of electrons, 

molecules, neutral atoms, ions, and excited atoms [19-21]. 

As excited electrons from potassium atoms undergo 

transition from higher energy levels into ground states, a 

photon K(I) at a wavelength of 404.4 nm is emitted [22]. This 

photon emission is captured by a spectrometer and plotted as 

a graphic of intensity vs applied pressure for each of the five 

laser-energy used, as depicted in Figure 3. This graph shows 

that the emission intensity increases proportionally to the 

increase of both laser energy and applied deposition pressure 

(up to 400 kPa). Meanwhile, the larger the applied pressure, 

the emission intensity shows a decreasing trend for all the laser 

energy used. Based on these results, the optimum applied 

pressure of 200 kPa for pellet holder preparation and of 400 

kPa for deposition of the analyzed samples onto the sub-target 

material were chosen. The use of lower applied molding 

pressure was aimed to avoid the occurrence of matrix effects 

on the KBr pellet as a binder material, a perfect condition 

required as a binding material. Meanwhile, the use of laser 

energy per pulse of 100 and 120 mJ shows a better linearity in 

comparison to other energies for all applied pellet pressures, 

as indicated by the R-square (COD) of the linear fitting from 

the measured data, i.e. 0.877 and 0.730, respectively. 

 

 
 

Figure 3. Emission intensity of neutral potassium K(I) as 

function of laser energy and pressure on KBr pellet 

3.2 Determination of optimum sample deposition 

temperatures 

 

Most analysis using the LIBS technique requires compact 

targets, which are determined by many parameters. Among 

others are the physical and chemical characteristics of the 

sample material, laser parameters, and the surrounding 

atmosphere [23-25]. To get an accurate analysis of powder 

samples, homogeneity is an important factor, in addition to 

good mechanical strength for LIBS analysis, since strong 

shockwaves during laser ablation may disintegrate the sample 

[26]. The plasma’s emission intensity from a powder sample 

in the pellet form is determined by the strong binding force 

among powder particles to withstand the sample's 

disintegration during the ablation, which will increase the 

analytical stability of the samples. Additionally, the 

uniformity of binding force throughout the pellet is also 

necessary for the measurements using the LIBS technique [9]. 

To achieve the above requirements, special attention needs to 

be implemented during their pelletizing process. Applied 

pressure, in addition to temperature, is among the determining 

variables required to be fixed during the pelletizing process [1, 

27-29] to obtain pellets of microgram powder samples suitable 

for LIBS analysis as mentioned previously. 

To observe this effect, 1 mg of PbO powder is deposited 

onto each of the sub-targets of KBr pellets and heated under 

different deposition temperatures of 30, 40, 50, 60, 70, 80, and 

90 °C for 10 minutes. These deposited PbO powders were then 

irradiated under a laser energy of 120 mJ to create plasmas. 

The emission intensity of neutral atoms of Pb (I) at a 

wavelength of 405.7 nm [22] in the plasmas is captured by a 

spectrometer and plotted as a function of temperature, as 

shown in Figure 4. 

 

 
 

Figure 4. Emission intensity of neutral Pb(I) vs temperature 

 

This intensity shows a steep increasing tendency as the 

temperature increases from 40℃ - 60℃, still continue to reach 

the highest at 70℃ but declines afterwards. It shows that 

increasing the pellet’s deposition temperature will tighten the 

molecular bonding among particles in the powder, which will 

induce a stronger recoil force as the laser beam is focused onto 

the sample surface. Meanwhile, at temperatures above 70℃, 

the molecular bonding in the PbO powder was predicted to 

loosen and eventually separate, resulting in the decreasing 

intensity trend. The phenomenon is almost similar to the 

"irreversible deformation" as described in [29]. That is why we 

chose to use 70℃ as the heating temperature during the 

deposition of analyzed powder onto the sub-target pellet. 
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3.3 Micro analysis results 

 

The aim of micro analysis is to determine the minimum 

amount of powder in order to produce significant signals using 

this sub-target deposition pellet method and to determine its 

detection limit. The standard powders used in this research are 

standard PbO, ZnO, and CuO. 

All samples were prepared using previously described steps, 

i.e., a pellet from 0.4 g of KBr powder, molded under an 

applied pressure of 200 kPa. Then varying amounts of PbO, 

CuO, and ZnO powders (i.e. 0.1 mg, 0.25 mg, 0.5 mg, and 1 

mg) were each deposited onto the top surface of the KBr pellet 

and a deposition pressure of 400 kPa was applied. Then each 

of the samples was heated under 70℃ and finally irradiated 

using a laser with an energy of 120 mJ. After a 0.5 micro 

second (μs) delay, detection was performed, and the recorded 

spectra (average of three pulse measurements) are shown in 

Figures 5-7. 

Figure 5A shows the emission intensity of neutral atoms of 

Pb (I) at a wavelength of 405.7 nm [22]. It can be observed 

that the highest intensity was achieved at 1 mg, and that it 

declined with the decreasing amount of deposited PbO. 

Meanwhile, the KBr pellet's sub-target material (i.e., without 

any PbO deposition) emits no Pb (shown as a dashed line). 

This means that KBr pellet sub-target material contains no Pb 

at all, hence the emission of neutral atoms of Pb (I) is solely 

originated from the analysed PbO powder. The figure also 

confirmed that the excitation of the limited amount of PbO, i.e., 

less than 0.25 mg, will cause the occurrence of neutral atoms 

of K (I) at a wavelength of 404.4 nm, which means that the 

laser irradiation has struck the substrate of KBr pellet. In order 

to determine the limit of detection (LOD), a graph of intensity 

values of Pb (I) at a wavelength of 405.7 nm (after substracted 

with background signals) was plotted against the mass of PbO 

powder, as can be seen in Figure 5B (inset graph). The curve 

in this figure shows a linear correlation between the mass of 

PbO powder and the emission intensity of Pb(I), and thus the 

limit of detection (LOD) can be calculated around 4.7 μg using 

method described in [19]. 

 

 
 

Figure 5. (A) Emission intensity spectra of neutral Plumbum 

Pb(I) for any PbO mass, (B) Calibration curve graph of Pb 

atomic mass deposited into KBr substrate 

 

Meanwhile irradiating deposited CuO powder samples 

produced three emission peaks of neutral atom of Cu (I), i.e. 

at wavelengths of 510.5 nm, 515.3 nm, and 521.8 nm [22], as 

shown in Figure 6A. The intensity is decreasing with 

diminishing amount of deposited CuO powder. Since the 

emission line of Cu(I) at 521.8 nm has the highest emission 

probability, this line is used to predict the detection limit, as 

shown in Figure 6B. Inset graphs in Figure 6B shows linear 

correlation between the intensity of neutral atom Cu(I) at 

521.8 nm and mass of deposited CuO powder. Hence the limit 

of detection of CuO powder is calculated to be around 4.6 µg 

using method described in [19]. 

 

 
 

Figure 6. Emission intensity spectra of neutral atom of Cu(I) 

for any CuO mass, (B) Calibration curve graph of Cu atomic 

mass deposited into KBr substrate 

 

Lastly, the ZnO powder samples with varying amount after 

being irradiated produced specific three emission peaks of 

neutral atom of Zn (I) at wavelengths of 481.05 nm, 472.22 

nm, and 468.01 nm [22], as shown in Figure 7A, and their 

intensities decline as diminishing amount of deposited ZnO 

powder onto the pellet. As shown in Figure 7B (inset graph), 

since the emission line of Zn (I) at 481.05 nm has the highest 

emission intensity, then this emission peak is used to predict 

the limit of detection. The LOD is then calculated to be around 

3.9 µg. 

 

 
 

Figure 7. (A) Emission intensity spectra of neutral atom of 

Zu(I) for any ZnO mass, (B) Calibration curve graph of Zn 

atomic mass deposited into KBr substrate 

 

 

4. CONCLUSION 

 

This paper has described a proposed technique to prepare 

the deposition-pellet for measurement of small quantities of 

powdered samples, i.e., less than 5 μg, as well as examining 

the influence of physical variables (i.e., temperature and 

pressure) on the stability of emission intensities. Based on the 

observed spectral measurement results, the limits of detection 

for the analyzed PbO, CuO, and ZnO powders are calculated 

to be 4.7 μg, 4.6 μg, and 3.9 μg, respectively. 
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