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ABSTRACT 
 
Chemical and physical characterization of aluminium oxides has a special interest for the nuclear industry, 
despite arduous chemical digestion process. Therefore, laser ablation inductively coupled plasma mass 
spectrometry is an attractive method for analysis. However, due to the lack of suitable matrix-matched certified 
reference materials (MRC) for such powders and ceramic pellets analysis, LA-ICPMS has not yet been fully 
applied. Furthermore, establishing calibrate curves to trace element quantification using external standards 
raises a significant problem. In this context, the development of suitable standard pellets to have calibration 
curves for chemical determination of the impurities onto aluminium oxide powders by LA-ICPMS analytical 
technique was aimed in this work. It was developed using two different analytical strategies: (i) boric acid 
pressed pellets and (ii) lithium tetra-borate melted pellets, both spiked with high purity oxides of Si, Mg, Ca, Na, 
Fe, Cr and Ni. The analytical strategy (ii) which presented the best analytical parameters was selected, a 
reference certificated material was analyzed and the results compared. The limits of detection, linearity, 
precision, accuracy and recovery study results are presented and discussed. 
 
 

1. INTRODUCTION 
 
The determination of trace impurities in different supplies for nuclear industry is of great 
importance in nuclear technology and this constitutes an important issue for chemical quality 
assurance of nuclear fuels and structural materials. The presence or excess of certain minor 
elements can affect the mechanical performance of such materials and also can have 
influences on the neutron behavior and to a great extent on the reactor conditions. 
Accordingly, a strict chemical quality assurance needs to be implemented for all nuclear 
grade materials. 
 
The laser ablation’s role in analytical chemistry has grown substantially over the past few 
years. Recent reviews list over 200 references describing fundamental or applied studies 
related to analytical chemistry [1]. 
 
Laser ablation inductively coupled plasma mass spectrometry (LA-ICPMS) has been 
considered one of the most versatile methods for the compositional analysis of solid materials 
due to its sensitivity and conceptual simplicity. Ever since the first feasibility studies were 
carried out by A. Gray in 1985, the capabilities of LA-ICPMS in terms of sensitivity, 
precision and accuracy have continuously been improved, driven by instrumental 
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advancements and the conception of smart tuning and calibration strategies. Consequently, 
LA-ICPMS has become a widespread method capable of analyzing elements and selected 
isotopes of various materials. Furthermore, little or even no sample preparation is needed, 
making LA-ICPMS particularly attractive for the analysis of difficult to digest materials such 
as silicate glasses, which would otherwise require the application of fluoric acid and 
subsequent solution nebulization based ICPMS. [2] The impurities associated with the 
aluminium oxide raw material may significantly affect the resultant microstructure, and thus 
the quality of the products. Therefore, the determination of impurities in aluminium oxide is 
so important. Until now, determinations of such impurities have been achieved mainly by 
atomic absorption spectrometry (AAS) [3-7], flame emission spectrometry [8], emission 
spectrography [9-12], inductively-coupled plasma optic emission spectrometry (ICP OES) 
[13] , x-ray fluorescence spectrometry (XRF) [14] and neutron activation [15] analysis. 
 
During LA-ICPMS runs, the signal intensities of trace elements depend strongly on the 
sample matrix behavior to laser ablation. Therefore, it is so important that the calibration 
standard is as similar to the sample behavior to laser ablation as possible. [16] However, for 
some nuclear industry materials analysis such as powders and ceramic pellets laser ablation 
has not been fully applied yet due to the lack of suitable matrix-matched certified reference 
materials (MRC). Therefore, it raises a significant problem to build calibrate curves for trace 
element quantification using external standards. 
 
To overcome those issues, two calibration curves using both (i) spiked boric acid - H3BO3 -
pressed pellets and (ii) spiked lithium tetra-borate – Li2B4O7 - melted pellets were acquired 
from LA-ICPMS runs. An aluminium oxide certified reference material was then analyzed as 
a real sample using the best obtained calibration curve. Finally, a recovery study was carried 
out. 
 

2. EXPERIMENTAL AND RESULTS 

2.1. Instrumental 

 
The equipments and optimal operating conditions used during LA-ICPMS analyses are 
summarized below ( table 1). 
 

Table 1. Operating conditions of LA-ICPMS and pellets preparation 
Laser Ablation System NRW 213 ESI 
Energy 100% 
Spot size 100 µm 
Repetition rate 10 Hz 
Ablation path Raster 
Carrier Gas Helium 0,55 L/min 
ICP-MS brand Thermo Xseries 2 
Plasma gas Argon 13,0 L/min 
Nebulizer gas flow 0,54 L/min 
Auxiliary gas flow 0,70 L/min 
Purge Gas  1,0 L/min 
RF power 1200 W 
Press brand Philips mini press DY765 
Fusion machine brand Fluxana HD Elektronics Vulcan 
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2.2. Standards, reference materials and reagents  

 
The standard pellets were prepared by spiking H3BO3 and Li2B4O7 with high purity oxides of 
the suitable elements (Si, Mg, Ca, Fe, Cr and Ni) and NaCl PA grade for Na. The H3BO3 was 
pressed and the Li2B4O7 was melted to obtain pellets. The concentrations for calibration 
ranged from 1 to 10 mg/Kg for each element. The certified Aluminium Oxide MRC BAM 
was used as a real sample validation. 
 

2.3. Internal Standard 

 
An equal concentration of uranium oxide was added in both pellet types series as an internal 
standard. The concentration calculation is done considering the relative signal of both the 
analyte and the internal standard, which are subject to the same experimental conditions [17]. 
The main objective in using an internal standard in LA-ICPMS analysis is the ability to 
correct the results for the instrumental drift, the experimental errors and the matrix effect 
[18]. The smallest relative standard deviations were verified when measuring the internal 
standard of Li2B4O7 melted pellets, as shown in the fig. 1. 
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Figure 1:  Relative standard deviations (RSD) using UO2 internal standard for LA-

ICPMS analysis of H3BO3 pressed pellets and Li2B4O7 melted pellets. 
 
2.3. Limits of detection 
 
The limits of detection (LOD) were evaluated using 1.0 mg/Kg element concentration on 
standard pellets (C), the sensibility (S) and three times the standards deviation (SD) obtained 
on the element standard pellets blanks, according to equation 1. 
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S
SDCLOD ×=3  (1) 
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Figure 2. Limits of Detection. 

 
Li2B4O7 melted pellets yields the lowest LOD, except for Cr and Ni (fig. 2). The LOD values 
for Na, Si, Ca and Cr may be considered rough similar. Inasmuch for Mg and Fe this LOD 
figures are around one order of magnitude lower on Li2B4O7 melted pellets. The Ni LOD 
yields an unexpected and unexplainable behavior in being one order of magnitude higher on 
melted pellets. 
 
2.4. Calibration Curves 
 
The achieved correlations coefficients (linear fit) are shown in fig. 3. The minimal correlation 
figures for melted pellets (0.9994) are very acceptable, further when compared with results 
from pressed pellets. 
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Figure 3. Calibration Curves’ Linearity 

 
 

2.5. Accuracy and Precision 
 
The agreement’s degree between a well-known analyte concentration in a standard reference 
material and the analyzed concentration on the same material is a measure of the analysis 
accuracy and can be calculated by equation 2.  The precision is the measure of replicate 
analyses reproducibility. Because reproducibility determined in this manner is considered to 
be random in nature and hence has a normal distribution, the standard deviation is used as a 
measure of the precision’s magnitude. To normalize the standard deviation and make it 
possible to compare between different magnitudes of measurements, the relative standard 
deviation is used. The relative standard deviation is expressed on a percentage basis and 
called percent relative standard deviation (% RSD) [19]. It is calculated using equation 3. 
 

Accuracy = Real sample conc. x 100 / Reference conc. (2) 
 

RSD = measured standard deviation x 100 / measured average (3) 
 
 
 
These parameters were evaluated analyzing seven replicates of both spiked pellets types 
containing 5 mg/Kg of the same elements. The results are shown in figs. 4 and 5.  
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Figure 4. Accuracy Comparison. 
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Figure 5. Precision Comparison. 

 
All the analytes in Li2B4O7 melted pellets yields a relative accuracy of nearly 100%, whereas 
pressed pellets’ accuracy underperformed for Na, Mg and Si. Also, melted pellets yield much 
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more acceptable results on precision values (lower than 4%) compared to H3BO3 pressed 
pellets (higher than 7%). 

 
2.6. Real sample characterization 
 
Therefore, based on previous better results on linearity, RSD internal standard, accuracy and 
precision of Li2B4O7 melted pellets, this analytical strategy was applied to a sample 
characterization. A sample containing 0.5g of Aluminium Oxide MRC BAM certified 
material was melted with 5.5g of Li2B4O7, using UO2 as internal standard and analyzed as a 
real sample. The obtained values are compared with the certificated results in table 2. 
 
 

Table 2. Real sample results (mg/Kg) 
Analyte Na Mg Si Ca Cr Fe Ni 

Monitored Isotope 23Na 24Mg 29Si 44Ca 52Cr 56Fe 58Ni 
Melted pellets results <2,7 0,01 ± 0,001 <1,4 2,9 ± 0,3 <0,01 2,1 ± 0,4 0,01 ± 0,001 
Certificated results <15 <3 <15 3,1 ± 0,4 <15 3,3 ± 1,6 <10 

 
Ca results are within the measured analytical error, considering the certified values. Fe values 
are significant smaller (minus 36%) but the analytical error is 75% inferior meaning a much 
better figure and perhaps greater accuracy. The values obtained for Mg and Ni show better 
figures, as the certified results have greater LOD for both elements and the measured errors 
were now established around 0,001 mg/Kg. Lower LOD values were obtained for Cr, Na and 
Si too, but results remain indeterminate so far. Even if the exact accuracy for all the elements 
of interest remain not fully established it seems acceptable that the technique used here 
presents better figures of merit than those used as certified results [20].  
 
Depending on the composition of the material under study, isobaric isotopes, polyatomic 
ions, and doubly charged ions can be formed. Furthermore, molecular ions such as 40Ar16O+ 
may occur at variable levels resulting in count rates of up to several millions per second. 
Therefore the utilization of the high purity (99.999%) plasma and aerosol carrier gases to 
prevent the occurrence of primary interferences arising from gas impurities and secondary, 
Ar-based adducts [21]. 
 
 
2.7. Recovery study 
 
Finally, seven replicates of a real sample were melted in Li2B4O7 with Na, Mg, Si, Ca, Cr, Fe 
and Ni and then half were spiked with standard pure UO2 addition of 5 mg/Kg. Spiked and 
non-spiked samples were analyzed by LA-ICPMS in order to evaluate the recovery factor. 
The recovery factor (RF) is the numerical percentage of the analytical error or loss and it is 
calculated using equation 4. The results are given in fig. 6. 
 

RF = (Spiked sample conc. – Non-spiked sample conc.) x 100 / Spike concentration (4) 
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Figure 6. Recovery Factors. 

 
For all the studied elements the analysis showed recovery factors ranging between 91 and 
101%. The variation coefficient obtained for the results of seven replicates were always lower 
than 5%. Accordingly, the experiment demonstrated acceptable reproducibility. 
 

 
3. CONCLUSIONS  

 
Li2B4O7 melted pellets when compared with H3BO3 pressed pellets presented lower LODs for 
Si, Mg, Ca, Na and Fe. Furthermore, the former preparation yields better relative standard 
deviations, linearity of calibration curves, accuracy and precision figures. However, minor 
worse figures were obtained for Cr (acceptable) and unexpected one order of magnitude 
higher Ni LOD values. Anyway, there is a clear advantage on take the Li2B4O7 melted pellets 
preparation for determination of Na, Mg, Si, Ca, Cr, Fe and Ni in high purity Al2O3. A 
validation of the analytical and operational parameters was then carried out using a reference 
material as a real sample which yielded: (i)Ca results are within analytical error; (ii)Fe, Mg and 
Ni results are best then precedent values and (iii) Cr, Si and Na showed one order of 
magnitude lowers LOD values then before. Finally, the recovery study showed RF ranging 
from 91 to 101% with a variation coefficient of 5%, using 7 replicates. Therefore, combining 
Li2B4O7 melted pellets preparation with LA-ICPMS determinations proved to be an 
affordable analytical method for routine analysis of impurities like Si, Na, Mg, Ca, Fe, Cr and 
Ni in  high purity Al2O3, avoiding arduous chemical digestion process and producing best and 
fast results. 
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