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Abstract 
 
A method is established for the analysis of B, Cd and Co in the magnesium metal using 
ICP-AES technique in the range 1-50 ppm.  Magnesium granules were dissolved in 
minimum amount of dilute nitric acid and the resultant solution is aspirated through ICP 
Nebulizer as nitrates.  Using various concentrations of matrix material 40, 20, 10 and 5 
(mg/ml) were attempted to study the matrix effects on the above analytical elements.  The 
optimum matrix concentration 20 mg/ml gave adequate detection limit of 1 ppm.  The 
standard deviation of this method lies ~ 1-3%. 
 
1.  Introduction 
 
Nuclear-grade uranium is prepared by magnesio-thermic reduction of high-purity 
uranium tetraflouride.  Uranium thus produced should not contain B and Cd (nuclear 
poisons) more than 0.1 ppm each.  Although high-purity uranium-tetraflouride is 
employed in the reduction process, the purity of the uranium metal will also depend on 
the purity of the magnesium metal.  It is therefore necessary to determine the purity of the 
magnesium metal, especially with respect to the presence of above elements.  The 
possibility of uranium picking up B, Cd and Co from magnesium is more if the latter 
contains these elements more than 1 ppm each.  Optical emission spectroscopy (OES) 
using D, C arc is a convenient technique for the determination of traces B, Cd and Co in 
magnesium metal.  However the analysis is done after converting the metal to its oxide 
(MgO), since it is easy to have calibration standards containing these elements at trace 
levels. 
 
In the past many workers (Degtyareva et al 1962; Pevtsov et al 1969; Krishnamurty et al 
1973; Capdevila and Diaz-guerra 1979; Mr. Murthy et al 1983, 1994) employed the OES 
technique for the determination of some trace elements in MgO.  Murthy et al (6) 
analysed B and Cd in Mg metal samples by mixing the converted oxide with equal 
proportion of buffer mixture containing LiF and Ga oxide.  This method is adopted in our 
laboratory for magnesium analysis.  The drawback of this method is when the sample is 
excited in DC arc the powder errupts up like a cloud blocking the optical path of  
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excitation.  The observation zone in the DC arc appears shifting up.  All these workers 
used DC arc to estimate elements with detection limits around 1 ppm each in magnesium 
metal, after converting it to MgO.  It is observed that the DC arc methods (3,4 & 6) 
adopted in our laboratory are not showing the expected reproducibility in values mostly 
due to excitation conditions.  In addition to this, the short supply of photographic plates 
and ultra pure  UCC carbon performed electrodes (100L) demand, developing a new  
ICP-AES method for the estimation of these impurities in magnesium metal. 
 
 

2. Experimental 
 
2.1  Preparation of standard solutions 
 
A matrix solution with high purity magnesium metal granules dissolved in 1:1 dilute 
nitric acid (Specpure) at a concentration of 50 mg/ml was prepared.  Composite standard 
solutions with B, Cd and Co analytical elements in the concentration range 1 – 0.01 
(µgm/ml) were prepared using 4% pure nitric acid.  To each of these standard 
concentrations matrix levels at 40,20, 10 and 5 (mg/ml) was maintained to study the 
matrix  effects  on the  analytical  working  curves.  In  the  course of  work,  we  found 
20 mg/ml of magnesium is suitable for analysis purpose.  A blank solution with distilled 
deionized water containing 4% pure nitric acid was also prepared, containing 20 mg/ml 
magnesium solution along with standard solutions, to correct the pure water concentrates 
of these elements on the working curves. 
 
2.2. Preparation of Samples 
 
Magnesium metal samples received in the form of flakes/granules were pickled in dilute 
nitric acid, washed with distilled deionized water.  One gram of each sample was taken in 
platinum crucible and dissolved in 1:1 (v/v) nitric acid and make upto 50 ml. 
 

2.3  Instrumental parameters and procedure 
 
For the analysis of traces of impurities, it was necessary to use a high resolution scanning 
JOBIN-YVON Sequential Monochromator (THR – 1000) with 0.008 nm/mm resolution 
and 0.26 nm/mm dispersion was found to be adequate.  These features enable to select 
suitable spectral lines that are sufficiently sensitive enough to achieve lower detection 
limits.  Selection of analytical lines is done with reference to the ICP-AES wavelength 
tables published in the literature (7, 8).  The experimental parameters and the operating 
details are given in the Table 1.  The selected analytical lines of different impurity 
elements and their ranges of estimation and also the average RSD for the elements are 
listed in Table 2.  Peak intensities and the background levels corresponding to each 
analytic lines are measured by manually scanning the monochromator at the minimum 
scan step of 0.002 nm and integrating the signal up to 400 ms at each step.  The 
calibrating plots (No. of counts versus concentration) are drawn for impurity element in 
the concentration ranges which are listed in Table 2.  The results obtained and the 
percentage of recovery figures has been given in Table 3.  The recovery experiments are 
conducted on "SPIKED" samples in the concentration range using this method. 



 
TABLE 1 : EXPERIMENTAL DETAILS 
 
Scanning monochromator   :  1m CZERNY-TURNER monochromator (Model 

   JY38 THR-1000), with holographic grating  
   having 3600 grooves / mm 

Wavelength Range   :  160-500 nm (First order) 
Reciprocal linear dispersion  :  0.26 nm /mm (First order) 
Minimum scan step   :  0.002 nm 
Integrating time   :  400 ms (per step) 
R.F. Generator   :  R-C-DURR-JY Model-2255 
Forward power   :  1.5KW 
Reflected power   :  < 1W 
Frequency    :  56 MHz 
Argon flow rate 
1.  Coolant (outer)   :  201 / min. 
2.  Aerosol    :  0.41 /min. 
3.  Sheathing    :  0.451 / min. 
Torch     :  Demountable three piece quartz INSA model 
Nebulizer    :  Pneumatic (Concentric) J.Y. model 
Solution uptake rate   :  1.6 ml / min. 
Observation Zone   :  15 mm above top of the load coil 
Data acquisition and processing :  Through Apple IIe Computer 
Pump                                                   :  Perilstatic Pump 6 Roller, 80 rpm (approx.  

    per min.)  
             The Analytical Instruments (India) Pvt. Ltd. 
 
 
RESULTS AND DISCUSSION 
 
Various matrix concentrations 40, 20, 10 and 5 mg/ml have been experimented along 
with aqueous standard solutions containing these three analytical elements.  The purpose 
is to go as low as possible in ppm level with more matrix concentrations.  It is noticed 
that there is no matrix effect on the line profiles of analytical elements.  A little decrease 
in intensity is observed with the addition of more matrix.  There is a parallel shift for all 
the three working curves for different concentrations of matrix.  These are shown in 
Figures 2, 3 and 4 separately for each element. Adding more matrix is also a drawback 
increasing the back-ground levels that can come from more additions of acids for metal 
conversions.  So it is seen that 0.05 µgm/ml intensities (Blank Subtracted) is a very much 
safe limit for the determination.  To arrive at the target level of 1 ppm, one can easily 
assume the estimated level at 0.02 µgm/ml analytical working curves for Boron, 
Cadmium and Cobalt with 20 mg/ml concentration are shown in figure 1.   
 



 
 
 
PRECISION 
 
The mean average standard deviation (RSD%) is calculated for six standards namely 
0.02, 0.05, 0.1, 0.2, 0.5 & 1.0 taking TEN profile intensities and calculated at each 
elemental concentrations.  The average RSD is seen in Table 2 against each element. 
 
RECOVERY TEST 
 
A recovery test is done by making measurements for two Spiked samples namely 0.75 
and 0.12 µg/ml for the above impurity elements at 20 mg/ml matrix solution.  Both the 
samples are analysed with the calibrated standards for all three impurities and the 
recovery values are tabulated along with their expected values in Table 3.  The 
percentage of recovery ranges from 90 to 102%.  The recovery thus shows that this 
method is quite adequate and acceptable for analytical applications. 
 
 
TABLE 2:  ANALYTICAL DATA 
 

Sr.No. Element 
Wavelength 
Range (nm) 

Range of  Determination 
(µgm/ml) 

Mean Average 
RSD (%) 

1. Cadmium 214.438 0.02-1.0 2.54 
2. Cobalt 238.438 0.02-1.0 2.50 
3. Boron 249.773 0.02-1.0 2.15 

 
 
TABLE 3 :  RECOVERY EXPERIMENTS FOR THE SPIKED SAMPLES 
 

Sr.No. Element 
Expected Value 

(µgm/ml) 
Measured Value 

(µgm/ml) 
Recovery % 

  A B A B A B 
1. Cadmium 0.75 0.12 0.74 0.12 98.7 100 

2. Cobalt 0.75 0.12 0.75 0.12 100.0 100 

3. Boron 0.75 0.12 0.76 0.11 101.3 92 
 
ACKNOWLEDGEMENTS 
 
The authors wish to thank Dr. V.P. Bellary and Dr. P.P. Khanna, for their useful 
suggestions and critically going through the manuscript.  We are also thankful to Dr. N.C. 
Das,  Head, Spectroscopy Division and Dr. N.P. Karanjikar for their encouragement 
given throughout the course of this work. 
 



 
 
REFERENCES 
 
1. CAPDEVILA C and DIAZ GUERRA J.P. 
  Junta Energy Nucl. Report No. 451.1979 
2. DEGTYAREVA O.F., SINITSYANA L.G. and PROSKURYAKOVA A.E. 
  Zh Anal. Khim. 17, 926, 1962 
3. KRISHNA MURTY G., SHEILA G. and KRISHNAN S. 
   BARC Report No. 669 . 1973 
4. MURTY P.S., GEETHA N.S. and MARATHE S.M. 
  Fres. Z. Analy. Chem. 314.152.1983 
5. PEVTSOV G.A., RAGINSKAYA L.K., MANOVA T.G. and 
  KARSILSHCHIK B.J., ZAVODSK.LAB 35.1973.1969 
6. BISWAS S.S., PATIL P.B. and MURTY P.S. 
  Bull.Matter.Sci., Vol. 17, No.1, pp. 19-24.1994 
7. WINGE R.K., PETERSON V.J. and FASSEL V.A. 
  Appl. Spectroscopy. pp. 206-208.33.1979 
8. BOUMANS P.W.J.M. 
  Line.Coincidence, Tables of ICP-AES 
 










