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Abstract 

 Present report describes an Ion chromatography (IC) method with suppressed 

conductivity detection for the determination of traces of nitrogen along with alkali and 

alkaline earth elements in uranium based nuclear fuels. Method was developed to 

determine nitrogen as NH4
+ along with alkali and alkaline earth cations by IC using a 

cation exchange column. To achieve this goal, experiments were done step by step in 

three stages: 

Stage I 

In first step, nitrogen as NH4
+ was separated from matrix by Kjeldhal distillation 

after sample dissolution in acid medium. The separated nitrogen was then determined 

by IC. The calibration plot for nitrogen was linear for the concentration range of 0.02 

to 1 mg/L with regression coefficient of 0.999. The coefficient of variation obtained 

was better than 5 % at 100 ppb level of nitrogen. Detection limit obtained based on 

3(S/N) as well as three times of variation in blank value was 4 ppb. 

Stage II 

In second step, Kjeldhal distillation was eliminated. Matrix separation after 

sample dissolution was done by hydrolyzing and filtering off the polyvalent cations. 

Filtrate was then injected into IC for nitrogen determination. Experimental conditions 

for dissolution of different types of uranium based nuclear fuels were optimized. 

Elimination of Kjeldhal distillation helped in reducing both the sample size and 

analysis time. The Coefficient of variation obtained in this method was 3% and 2% in 

9 replicates at nitrogen level of 28 and 55 ppb respectively. Detection limit obtained 

based on 3(S/N) was 4 ppb. 
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Stage III 

Filtrate obtained after removing polyvalent cations from dissolved uranium 

samples contains common alkali and alkaline elements along with nitrogen. Hence, 

further studies were done for the determination of alkali and alkaline-earth elements 

along with nitrogen in same sample injection. It was observed that Ni and Cd 

interfered with Ca and Sr respectively, while beyond certain limit Co, Mn and Ag 

interfered with Ca and Mg. These interfering transition elements were removed with 

the help of commercially available cartridge. If Ni & Cd were present and/or other 

interferences were above their tolerance limits, then simultaneous determination of 

nitrogen along with alkali and alkaline-earth cations except Mg, Ca and Sr was done. 

Mg, Ca and Sr were determined by injecting the second aliquot of the sample solution 

after removing the interferences by passing it through cartridge. Calibration plots of 

Li+, Na+, K+, Rb+, Cs+, Mg2+, Ca2+, Sr2+ and Ba2+ were linear over a very wide 

dynamic range with regression coefficient better than 0.999. Detection limits for these 

elements were between 1-15 ppb. The % recovery obtained was within + 10 % of the 

expected values. The developed method was applied to U-alloy, U-metal, Sintered 

UO2 pellets and sintered UO2 microspheres samples. 

 

Key worlds: Nitrogen determination, uranium based nuclear samples, ion-

chromatography, Kjeldhal elimination, alkali elements, alkaline earth elements, 

interferences, cartridge 

 

Introduction 

The performance of the nuclear fuel in the reactor depends on its chemical 

purity. During the various stages of production and fabrication, a number of metallic 

and non-metallic impurities get added up to the fuel. Presence of these impurities can 

cause adverse effects on fuel performance. Therefore, there is specification for these 

impurities with respect to various fuels 

Under reactor conditions, nitrogen present mostly as nitrides may decompose to 

yield gaseous nitrogen leading to fuel pin pressurization. Also nitrogen presence may 

lead to the formation of brittle nitrides at the internal surface of clad. This will 

develop ‘weak spots’, susceptible to rupture and may lead to failure of the fuel pin. 
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Thus, nitrogen is one of the important specifications in the quality control of nuclear 

fuels. For uranium-alloy (U-alloy), its specification limit is 700 ppm and for UO2 

sintered pellet it is 200 ppm. 

Presence of lighter alkali and alkaline earth elements can reduce the density of 

the fuel. Ca has tendency to form preferential oxide thereby affecting the O/M of fuel 

matrix [1]. Alkali and alkaline earth elements also form activation products after 

irradiation in the reactor. 

There are different methods for the determination of nitrogen [2,3]. “Nitrogen 

determinators” based on inert gas fusion technique are commercially available. But 

the sample size requirement for them is dictated by the concentration of nitrogen. The 

availability of sample size is restricted more so in the case of nuclear materials. 

Chemical methods involve conversion of nitrogen to ammonium ion followed by its 

determination. Kjeldhal distillation is generally preferred method for converting 

nitrogen to ammonium ion, which is then measured using either photometry or ion 

selective electrode. Photometry based on indophenol blue method is widely used 

[4,5]. The procedure followed in our laboratory for the analysis of nitrogen in UO2 

fuels was earlier reported [6] in which the separation was achieved by kjeldahl 

distillation and the distillate was collected in dilute sulphuric acid. The nitrogen 

content was determined photometrically as indophenol blue complex. But, it is time 

consuming and addition of colour development chemicals cause blank fluctuations at 

lower ppb levels [7]. The ion selective electrode potentiometric method cannot be 

used at lower ppb levels of nitrogen [8]. Thus, there was a need for an independent 

and more sensitive method for nitrogen determination in uranium based fuels. 

Alkali-alkaline earth elements are usually determined using either atomic 

absorption spectrometry (AAS) or atomic emission spectrometry (AES) [9]. However, 

these methods are usually used to determine metallic elements and are not suitable for 

nitrogen determination. 

Ion chromatography (IC) offers a fast separation, versatile, selective and 

sensitive analysis with minimal sample preparation. IC is a multi species technique 

and has been used in fuel samples [10]. At low concentration IC performs better than 

AES for Na and K and than AAS for Ca [8].  Further, IC is amenable for determining 

both nitrogen and alkali-alkaline earth elements from a single sample injection. 
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In present work, IC was used to develop methods for the determination of 

nitrogen in uranium-alloy samples first with usual kjeldhal distillation step [7] and 

then without going through kjeldhal distillation step [11]. Later work was extended to 

other uranium based fuels which necessitated the optimization of dissolution 

conditions for these types of fuels [12]. Filtrate obtained after hydrolysis in this 

procedure contains soluble alkali, alkaline earth and other cations [13] which were 

determined by IC. Therefore further work was to study and develop IC method 

wherein alkali-alkaline earth elements can be determined along with nitrogen. The 

work carried out towards achieving these along with interferences study and their 

removal is presented in chronological order in this report. 

 

Instrumentation 

 A Dionex (Sunnyvale, CA, USA) DX-500 ion chromatography system 

consisting of IP-20 isocratic pump, a self regenerator suppressor in external recycle 

mode and ED-40 conductivity detector with a conductivity cell and DS3 stabilizer 

was used for obtaining all the chromatograms. Sample was introduced through a 100 

µL loop fitted with a Rheodyne injector. Separation of cations was achieved with an 

analytical column (Dionex, Ion Pac, CS12A, 250 x 4mm) coupled with a guard 

column (CG12A, 50 x 4mm). Interferences were removed using Onguard II M cation 

cartridge containing iminodiacetate resin. The Peaknet chromatography workstation 

was used for instrument control, data collection and data processing. A Sartorius MC 

21S micro balance was used for weighing work. 

 Fig. 1 is the block diagram and fig. 2 is the set up of IC system used. Mobile 

phase kept in reservoir is pumped at a defined flow rate by isocratic pump. Sample 

solution is injected in sample loop of fixed volume through injector. With the help of 

Rheodyne valve, sample solution is carried by mobile phase to the analytical column 

via guard column, where the cations get separated due to difference in their retention 

times. Sample and mobile phase then pass through suppresser which suppresses the 

conductivity of the mobile phase and increases the sensitivity of the system. Cations 

in the effluent are then determined by conductivity detector. 
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Fig 1: Block diagram of Ion Chromatography system 

 

 

Fig 2: Set up of Ion-Chromatography system 
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Reagents 

 All the reagents were of analytical grade unless mentioned otherwise. 

Suprapure grade sulphuric acid and methanesulphonic acid were obtained from E-

Merck. High purity deionised water of 18.2 MΩ.cm was used throughout. All 

solutions were filtered through 0.45µ membrane filter and degassed before use. A 

mobile phase of sulphuric acid and methanesulphonic acid was prepared freshly by 

appropriate dilution of concentrated stock solution. Standard solutions of nitrogen and 

alkali-alkaline earth elements were prepared by appropriate dilution of stock solutions 

of their respective salts (dried at 1100C for 2 hrs) of 1mg/L concentration.  

 

1. Determination of nitrogen by IC after kjeldhal distillation in uranium-alloy 

 

1.1 Procedure 

About 0.05g of sample was dissolved by refluxing it with mixture of 2 ml of 

50% H2SO4 + 1ml of 80% H3PO4. This was followed by separation of nitrogen by 

kjeldahl distillation and make up of volume to 50 ml. 100µL of distillate was injected 

into the IC and separation was done with mobile phase of 22 mN H2SO4 at a flow rate 

of 1mL/min. To obtain the linear calibration plot for nitrogen, standard solutions of 

various concentrations of NH4Cl were directly injected. 

 

1.2 Results and discussion 

Fig. 1.1 shows a typical chromatogram obtained for nitrogen in U-alloy 

sample. The calibration plot for nitrogen was obtained in the 0.02 to 1 mg/L 

concentration range with a linear regression coefficient of 0.999 (fig.1.2). The 

reproducibility of measurement by this method was better than 5% at 100 ppb level of 

nitrogen. Table 1.1 shows that results of nitrogen obtained for certified uranium-alloy 

standard samples using present method agreed within + 5 % with that of expected 

values. Table 1.2 shows the results obtained by analyzing few typical fuel samples by 

present procedure as well as by indophenol blue photometry method. The results 

agreed within ± 5 %.  
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Fig 1.1: Chromatogram obtained for ammonia in uranium alloy sample with mobile 
phase of 22 mN H2SO4 

Fig 1.2: Calibration plot of peak area vs. nitrogen  in ppb 

 

Table 1.1: Results of nitrogen obtained for uranium standard  

S. No. Expected value (ppm) N obtained by IC (ppm) 

1 1250 1251 + 34 

2 1250 1217 + 4 

3 1250 1267 + 62 

4 1250 1200 + 42 

5 59 56 + 4 

6 59 59 + 1 
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Table 1.2: Results of nitrogen obtained for U-alloy samples 

Nitrogen determined (ppm) Sample 

No. by IC by photometry 

1 282 + 3 295 

2 291 + 6 299 

3 235 + 18 238 

4 241 + 19 231 

 

2. Determination of nitrogen by IC without kjeldhal distillation in uranium   

    based fuels 

Although above method of nitrogen determination by IC was improved one, but 

it requires time consuming kjeldhal distillation step and a sample size of about 0.05 

gm. Therefore, feasibility studies were carried out with twin objectives: (i) 

Elimination of Kjeldhal distillation step and (ii) reducing the size of sample. 

Elimination of Kjeldhal distillation step involves the injection of acid dissolved 

sample directly into the IC. While doing so following problems were expected and 

were taken care of: 

a) To maintain a stable baseline, acidity of sample should be similar to 

that of the mobile phase.  This was achieved by optimizing dissolution 

conditions.  

b) Polyvalent cations (U4+, Al3+) present should not overload the column. 

This was solved by hydrolyzing and filtering off the polyvalent cations 

c) Na+ should be controlled to avoid its interference with that of ammonia 

peak.  

 

2.1 Results and Discussion 

 

2.1.1. Optimization of Dissolution conditions  

As different types of samples were to be analyzed for nitrogen, their dissolution 

characteristics were systematically studied. As mentioned above acidity of sample 

should be similar to that of the mobile phase in the final diluted sample, it was 
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important to find conditions of dissolution in minimum acid content. For this, sample 

was refluxed with different acid concentration and compositions.  

For U-alloy samples, optimum dissolution conditions obtained were refluxing of 

sample for 30 minutes in 1 mL of 20 times diluted mixture of 1:2 ratio of H2SO4 and 

H3PO4. 

For dissolving U metal, 20µL of 1% HF was required to be added to the above 

acid mixture and refluxed for 45 minutes for complete dissolution. 

Sintered uranium-oxide, a ceramic material as expected was difficult to 

dissolve. Complete dissolution was observed when finely grounded UO2 was refluxed 

for 45 minutes in 1mL of the acid mixture containing 0.7 mL concentrated H3PO4 and 

0.3 mL of 0.4% HF. 

 

2.1.2. Masking/Removal of polyvalent cations 

a) Using Complexing agent: Complexation with suitable macrocyclic ligands 

were studied to convert U4+ and  Al3+ to soluble neutral or anionic complex of 

high stability so that it would not  retain on the column. Study was initiated 

using U4+ with EDTA and DTPA for complexation in different acid media, 

temperature and ligand concentration. U4+-EDTA was found to precipitate 

under chromatographic conditions employed. As the stability of DTPA 

complex is more than the EDTA complex, DTPA was then tried for 

complexation with U4+. No precipitation was observed under the 

chromatographic conditions used which indicated the formation of soluble 

complex. After injecting the above complex into IC, the effluent from the 

column was analyzed by ICP-MS for uranium. It showed negligible uranium 

in it. This indicated that most of the uranium was retained on the column 

which was again confirmed by analyzing the stripped uranium from the 

column. This may be attributed to dissociation of the U4+-DTPA complex in 

preference to the resin. Thus direct determination of nitrogen by complexing 

polyvalent cations under present chromatographic conditions did not work out. 

b) Removal of polyvalent cations by hydrolysis:  As complexation of uranium 

did not work out, hydrolysis of dissolved uranium samples were carried out. 

Hydrolyzed samples were processed as described in procedure given below 



10

before injecting into IC. The filtrate was checked for polyvalent cations by 

ICP-MS/AES. The amount of these cations in filtrate was 1.2 µg/gm of 

uranium, 4 µg/gm of aluminum and 0.5 µg/gm of silica. The amount of these 

retained polyvalent cations was negligible as compared to high capacity of 

column used and no appreciable deteriotion in the normal functioning of 

column was observed. 

 

2.1.3. Na control 

As the retention times of Na+ and NH4
+ peaks were close, it was necessary to 

take care of extraneous pick up of Na during sample processing to avoid overlapping 

of peaks. Under chromatographic conditions employed, it was observed that nitrogen 

can be determined in presence of about 150 times of Na with respect to weight.    

However, higher ratios of Na with respect to nitrogen were not studied. Thus, to 

control Na interference, wherever possible PVC ware were used and for refluxing all 

quartz reflux set up was used.  

 

2.2 Procedure 

 About 0.01g of sample was dissolved by refluxing it with 1 ml of an acid 

mixture. The reflux time and concentration and composition of acid mixture depends 

on the nature of uranium sample taken [see section 2.1.1]. After dissolution in acid, 

the sample was hydrolyzed with 5 ml of water and precipitate was filtered off using a 

0.45µ nylon filter paper after a wait period of 15 minutes. After appropriate dilution, 

filtrate was injected into column for determining N as NH4
+ ion. Separation was done 

with 22 mN H2SO4 mobile phase at a flow rate of 1mL/min. 

 

2.3 Method validation 

 To ensure that no loss of nitrogen takes place under different conditions used 

for dissolution of different uranium fuels, certified uranium alloy samples were 

analyzed after dissolving under those conditions. Table 2.1 shows that results obtained 

for nitrogen analysis of certified uranium-alloy samples using different dissolution 

conditions agreed within ±10% of the expected values. Thus, the dissolution 

conditions used do not affect nitrogen recovery. The coefficient of variation obtained 

in this method was 3% and 2% in 9 replicates at nitrogen level of 28 and 55 ppb 
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respectively. Table 2.2 show the results obtained by analyzing few typical fuel 

samples by present procedure as well as by Indophenol blue spectrophotometry 

method. The results agreed with in ±10 %.  

 

 

Table 2.1: Results of nitrogen obtained for U-alloy standard samples in different 

dissolution conditions 

Dissolution conditions 

 

Expected 

value (ppm) 

Nitrogen 

obtained 

(ppm) 

Sample 

weight 

(mg) 

% 

variation 

1250 1210 + 23 4.486 3.20 

1250 1198 + 33 18.420 4.16 

59 64 + 2 21.332 8.47 

Reflux for 30 minutes in 1 mL 

of 20 times diluted mixture of 

1:2 ratio of H2SO4 and H3PO4 
59 57 + 4 27.767 3.39 

1250 1223 + 16 10.583 2.16 

1250 1272 + 20 12.569 1.76 

59 63 + 5 18.246 6.78 

Reflux for 45 minutes in 1 mL 

of 20 times diluted mixture of 

1:2 ratio of H2SO4 and H3PO4 + 

20µL of 1% HF 59 56 + 4 21.157 5.08 

1250 1208 + 13 9.856 3.36 

1250 1235 + 19 12.185 1.20 

59 61 + 3 17.458 3.39 

Reflux for 45 minutes in 0.7 mL 

conc. H3PO4 + 0.3 mL of 0.4 % 

HF 
59 63 + 4 16.256 6.78 
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Table 2.2: Comparison of the results of uranium based samples analyzed by two 

methods 

Nitrogen determined (ppm) 
Sample 

by IC by photometry 

% 

variation 

307 + 12 323 5.08 

559 + 11 552 1.26 

277 + 16 304 9.29 

U - alloy 

 

291 + 18 299 2.71 

450 + 22 424 5.95 U metal 

 380 + 23 397 4.38 

74 + 6 69 6.99 
Sintered UO2 pellet 

66 + 5 71 7.29 

71 + 4 75 5.48 
Sintered UO2 sol-gel microsperes 

66 + 5 60 9.52 

 

 

3. Studies on the determination of alkali and alkali-earth cations along with  

    nitrogen in uranium based samples 

Filtrate obtained after hydrolysis in the above procedure as described in section 

2.2 contains soluble alkali, alkaline earth and other cations. Therefore it was of 

interest to develop a method wherein alkali and alkaline earth elements can be 

determined along with nitrogen. So, studies were carried out in this direction.  

These studies were carried out in three steps. In first step, identification, 

resolution and determination of alkali and alkaline-earth elements were studied. In the 

second step interferences and their tolerance in the determination of these alkali and 

alkaline-earth elements were studied. Final and third step covered the development of 

procedure for removal of interferences by cation exchange cartridge and then the 

determination of the alkali and alkaline-earth cations in the sample. 
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3.1 Results and Discussion 

 

3.1.1. Identification, resolution and determination of alkali and alkaline-earth 

elements 

In the chromatographic run of the uranium samples for nitrogen determination 

using above method Na+, K+, Mg2+ and Ca2+ were identified. Na+ and K+ peaks were 

well resolved and was determined but some small peaks were observed between Mg2+ 

and Ca2+ making their determination difficult. Efforts were made to resolve Mg2+ and 

Ca2+ from them. Different concentrations of sulphuric acid with and without various 

percentage of acetonitrile were tried as mobile phase, but it did not help in resolving 

either Mg2+ or Ca2+ from interfering peaks. Methanesulphonic acid was then tried as 

mobile phase. 20 mN methanesulphonic acid was able to resolve Mg2+ from its 

interfering peak, but resolution of Ca2+ was still not achieved. Fig 3.1 shows distinct 

Mg2+ peak without interference in U-alloy sample with mobile phase of 20 mN 

methanesulphonic acid. Thus resolved Na+, K+ and Mg2+ were determined without 

any interference in uranium based samples. 
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Fig 3.1: Chromatogram of common cations and ammonia in uranium alloy sample in 
mobile phase of 20 mN methanesulphonic acid 

The ion-chromatography method was then extended for the determination of 

other alkali and alkaline earth elements ie. Li+, Rb+, Cs+, Sr2+ and Ba2+ normally not 

present in uranium fuel samples, but this method can be applied to other samples 

containing these elements. This was done by spiking uranium samples with the known 

amount of these elements.  In 20 mN methanesulphonic acid, Cs+ and Mg2+ were 
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poorly resolved. Lower concentration of mobile phase ie. 18 mN methanesulphonic 

acid gave better resolution and hence, was used for further work. Fig 3.2 shows the 

standard chromatogram of alkali and alkaline earth cations in mobile phase of 18 mN 

methanesulphonic acid.    
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Fig 3.2: Standard chromatogram of alkali and alkaline earth cations in mobile phase 
of 18 mN methanesulphonic acid  

 

Table 3.1 shows the concentration range and detection limits obtained using 

synthetic solution of the cations. It is clear from the table  that the calibration plots of 

Li+, Na+, K+, Rb+, Cs+, Mg2+, Ca2+, Sr2+ and Ba2+  were linear over a very wide 

dynamic range with coefficient of variation better than 0.999. Detection limits 

obtained based on S/N=3 ie. 3 times the base line noise for common cations were 

between 1-15 ppb. The coefficients of variation obtained were better than ± 5 % in 9 

replicates. 
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Table 3.1: Detection limit, calibration details and % RSD of alkali and alkaline earth 
elements 

% RSD for given conc. level 

(9 replicates) 
S. 

No. 
Element 

Detection 

limit 

(ppb) 

Conc. 

Range 

(mg/L) 

Coeff. Of 

variation 

(r2) Conc (ppb) %RSD 

1 Li 1 0.003 – 2 0.99998 24 4.22 

2 Na 2 0.011 – 8 0.99993 96 3.55 

3 K 4 0.022 – 1 0.99989 96 4.89 

4 Rb 5 0.011 – 8 0.99983 272 2.73 

5 Cs 7 0.034 – 55 0.99982 275 3.10 

6 Mg 5 0.031 – 56 0.99999 96 5.32 

7 Ca 9 0.011 – 8 0.99998 480 4.32 

8 Sr 11 0.055 – 40 0.99969 476 2.98 

9 Ba 16 0.056 – 59 0.99962 595 1.13 

 

3.1.2. Study of interferences and their tolerance 

For interference studies, first actual uranium sample was injected and 

interferences present if any were studied. Then sample was spiked with elements 

normally not present in the sample but are specifications for nuclear fuel matrices. It 

was observed that: 

a) Under the chromatographic conditions employed, retention times of Ag, Mn 

and Co were in between Mg and Ca. Hence above certain limits these 

elements may cause interference in the determination of Mg and Ca. The 

tolerance of these interfering elements was studied within +10 % error. The 

specification of Mg and Ca in UO2 is 50 ppm each. Studies showed that 

presence of upto 12 times Ag, 8 times Co and 35 times Mn with respect to Ca 

and upto 10 times Ag, 18 times Co and 30 times Mn with respect to Mg did 

not interfere in their respective determination.  

b) Retention times of Ni and Ca were very close, and, hence Ni interferes 

seriously with Ca. Similarly retention times of Cd and Sr were almost same. 

As efforts to resolve them did not succeed, it was necessary to remove Ni and 

Cd if Ca and Sr were to be determined in the sample. 
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c) Sn, Pb, Hg, Cu, Zn, Fe did not show any peak and hence, did not interfere with 

the determination of alkali and alkaline-earth elements. 

 

3.1.3. Removal of interferences and subsequent determination of alkali and 

alkaline-earth cations. 

Interfering transition elements can be suppressed with the help of complexing 

agent [14]. But we thought of removing interfering elements rather than suppressing 

them by addition of chemicals. For removing interfering transition elements, 

commercially available Onguard II M cation cartridge containing iminodiacetate resin 

was employed. It removes transition elements while allowing alkali and alkaline earth 

elements to pass through. For retaining transition element cations on cartridge, the 

sample pH was adjusted to 4 before passing it through cartridge.  

In uranium based samples, Ni is usually present. Ni merges with Ca and forms 

composite peak along with other transition elements present in uranium sample. Level 

of transition elements present in uranium samples is much below their tolerance limits 

with respect to Mg and hence, do not interfere. Therefore, simultaneous determination 

of nitrogen along with Na, K and Mg was done. However, Ca was determined after 

removing Ni and other transition elements. 

As sample for Li, Rb, Cs, Sr and Ba was not available, they were determined in 

synthetic uranium alloy sample. Simultaneous determination of nitrogen along with 

alkali and alkaline-earth elements except Mg, Ca and Sr was done if Ni & Cd were 

present and/or other interferences were above their tolerance limits. Mg, Ca and Sr 

were determined by injecting the second aliquot of the sample solution after removing 

the interferences by passing it through cartridge.  

 Thus with the help of Onguard II M cartridge, all group I and II elements were 

determined and simultaneous determination of nitrogen along with alkali and alkaline-

earth elements could be done if Ni & Cd were not present and other interferences 

were below their tolerance limits. 

 

3.2 Procedure 

 About 0.025g of sample was suitably spiked with alkali and alkaline-earth 

element while dissolving it under refluxing condition with 1 ml of an acid mixture. 
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The reflux time and the concentration and composition of acid mixture depends on the 

nature of uranium sample taken (see section 2.1.1). After dissolution in acid, the 

sample was hydrolyzed with 5 ml of water and precipitate was filtered off using a 

0.45µ nylon filter paper after a wait period of 15 minuets. After appropriate dilution, 

sample solution was divided into two aliquots.  First aliquot was injected into column 

for determining nitrogen and alkali and alkaline-earth cations except Mg, Ca and Sr. 

pH was adjusted to 4 in the second aliquot and passed through Onguard II M cartridge 

conditioned with 2 M ammonium acetate. This eluate was strongly heated to 

evaporate off ammonia. Then suprapure HCl was added and solution was heated just 

to dryness and made up to known volume by Millipore water. 100 µL of this second 

aliquot was then injected into IC for the determination of Mg, Ca and Sr. Separation 

was done with mobile phase of 18 mN methanesulphonic acid at a flow rate of 

1mL/min. 

 

3.3 Method Validation: Application to alkali and alkaline-earth cations in 

uranium based samples 

The method of determination of alkali and alkaline-earth cations was then 

applied to uranium based samples. As the certified reference standards were not 

available, the uranium alloy sample was spiked with alkali and alkaline-earth cations 

and their recoveries were studied. Table 3.2 shows that % recovery of spiked cations 

following present procedure was within +10% of the expected values. Results of 

analysis of alkali and alkaline-earth cations present in uranium based samples are 

given in table 3.3. 
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Table 3.2: The % recovery of alkali and alkaline-earth cations in uranium based samples (ppb) 

Sample 1 Sample 2 Sample 3 
S. 

No. 
cation conc 

added  

Recovery in 

IC            
% Recovery 

conc 

added  

Recovery in 

IC     
% Recovery  

conc 

added  

Recovery in 

IC      
% Recovery  

1 Li 56 55, 56 99.11+1.27 112 113, 115 101.79+1.27 28 26, 25 91.08+2.52 

2 Na 224 216, 223 97.99+2.21 448 440, 468 102.29+5.76 112 114, 118 103.58+2.52 

3 K 224 225, 234 102.46+2.84 448 452, 440 99.55+1.90 112 110, 106 96.43+2.52 

4 Rb 520 504, 510 97.50+0.82 1040 1020, 1024 98.27+0.27 260 246, 251 95.58+1.36 

5 Cs 523 505, 512 97.23+0.95 1046 1028, 1031 98.43+0.21 262 268, 255 99.81+3.51 

6 Mg 224 212, 230 98.66+5.69 448 442, 438 98.22+0.63 112 118, 121 106.70+1.90 

7 Ca 1120 1142, 1148 102.23+0.38 2242 2259, 2264 100.87+0.16 560 570, 573 102.06+0.37 

8 Sr 551 540, 531 97.19+1.15 1102 1110, 1119 101.04+0.57 276 270, 268 99.66+3.62 

9 Ba 712 696, 700 98.03+0.040 1422 1400, 1387 98.00+0.64 356 360, 365 98.21+0.96 
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Table 3.3: Results of analysis of alkali and alkaline-earth elements present in uranium 
based samples 

Elements present (ppm) 
Sample type 

Na K  Mg  Ca  

259 + 16 40 + 3 35 + 3 40 + 3 
Uranium alloy 

272 + 10 46 + 4 42 + 2 54 + 2 

66 + 5 35 + 2 46 + 1 55 + 3 
Uranium metal 

54 + 4 27 + 2 51 + 2 63 + 4 

20 + 1 32 + 1 45 + 3 37 + 2 UO2 sintered 

pellet 22 + 2 24 + 1 36 + 2 29 + 1 

54 + 3 30 + 2 32 + 3 66 + 3 UO2 sol gel 

microspheres 59 + 2 18 + 1 28 + 2 64 + 2 
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Fig 3.3: Chromatogram of U-alloy sample spiked with alkali and alkaline-earth 
cations alkali and alkaline-earth cations after removal of interferences by cartridge 
 

Fig 3.3 shows chromatogram of U-alloy sample spiked with alkali and alkaline-

earth cations after removal of interferences by cartridge. It is clear that these cations 

can be quantitatively determined in these samples. 
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Conclusions 

I. Nitrogen determination as NH4
+ by IC after matrix separation by Kjeldhal 

distillation is an easy alternative way to determine nitrogen in uranium based 

samples. Lesser use of chemicals have decreased the blank fluctuations and thus 

increased the sensitivity of the method. Elimination of color development step has 

made this method fast and simple. 

II. Nitrogen determination without Kjeldhal distillation further increases sensitivity 

of the method due to still lesser use of chemicals and less dilution of final sample 

solution. This has helped in reducing sample size from 50 mg to 10 mg with 

reduction in time of analysis. In case of enriched uranium based samples, sample 

size reduction reduces load of uranium recovery from analytical waste.  

III. Simultaneous determination of nitrogen along with alkali and alkaline-earth 

cations in uranium based fuel was done with the developed IC method if there 

were no interferences. If Ni & Cd were present and/or other interferences were 

above their tolerance limits, then simultaneous determination of nitrogen along 

with alkali and alkaline-earth cations except Mg, Ca and Sr in uranium based fuel 

was done. Mg, Ca and Sr were determined by injecting the second aliquot of the 

sample solution after removing the interferences by passing it through cartridge.  
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