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ABSTRACT

Concentrations of uranium in the process samples provide essential information required for nuclear process
monitoring.  A large  number  of  techniques have been  developed to allow uranium determination,  but  each
technique possesses some advantages and disadvantages and cannot be applied without difficulty to all samples.
The ultraviolet visible spectrophotometry (UV–Vis) is widely method used in analytical industrial processes due
to its simplicity, rapidity, low costs, low generation of analytical waste, easy calibration and operation. In this
study, we describe a simple and fast quantification method to determination of a high amount of uranium in
organic phase (TBP/kerosene) using UV–Vis spectrophotometry. The process sample was analyzed in UV-Vis
and compared  with inductively coupled  plasma optical  emission spectrometry (ICP OES)  showing similar
results in both methods. The statistical tests (Student-t and Fischer) showed that the both techniques they are
equivalent. 

1. INTRODUCTION

Solvent extraction is the most commonly used process-scale separation technique in nuclear
applications.  Tri-n-butylphosphate  (TBP)  is  a  well-established  organophosphorus  based
solvent extractants used in uranium extraction due to its high stability and specificity for
actinide elements. 

Typically, TBP dissolved in a hydrocarbon diluent (e.g.kerosene) is used to extract Uranium
(VI) from nitric solutions in counter-current solvent extraction process, using the following
reaction  (1):

                                                 (1)

The  determination  of  uranium  concentration  in  extraction  processes  is  important  for
evaluating the performance of extraction. There are several methods that can be used for the
determination  of  uranium:  gravimetric  ,  volumetric  ,  spectrophotometric  ,  fluorimetric  ,
radiometric  and x ray fluorescence analyses  (XRF). Each one of this analytical techniques
possesses advantages and disadvantages. The choice of a one specific method depends on the
nature  of  the  sample  being analyzed  and  amount  of  uranium in  it.   In  case  of  uranium
extracted with a TBP mixture, UV-Vis spectrophotometric method shows a desirable qualities
in routine process control owing to its simplicity, rapidity, cost effectiveness and low waste
generation. 
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Furthermore, the uranium matrix solutions show a good absorbance of uranyl ions (UO2
2+ ) in

UV-Vis  spectra  ,  thus  becomes  an  adequate  method  to  use  in  a  determination  of  macro
amounts  of  uranium directly  in  TBP extract.  This  methodology simplifies  the  analytical
procedures,  avoiding  several  steps  in  sample  preparation  (re-extraction  process)  and
minimizing the use of reagents.

 In the present study,  a rapid and sensitive UV-Vis spectroscopy method for determining
uranium  concentration  (organic  phase)  in  nuclear  process  samples  without  need  of  re-
extraction step was developed. These results are compared to the ones obtained in induction
coupled plasma optical emission spectrometry (ICP OES).

2. Experimental and Results Discussion

2.1. Experimental

Absorption  measurements  were  carried  out  on  a  Femto  700  UV-Vis  spectrophotometer
equipped 1cm quartz cell. The baseline was adjusted to 0.000Abs for blank solution of TBP
mixture (TBP/kerosene 35% v/v, activate with 1:5 HNO3 2M). 

The  ICP-OES  measurements  were  performed  with  Horiba  Ultima  2  equipment.  The
calibrations (range 0-100 ppm) were performed by successive dilutions of a certified uranium
1000 ppm standard solution. 

Uranium stock solution for UV-Vis spectrophotometer calibration was prepared as follows:
7,3778g  of  U3O8 certificate  standard  powder  (National  Brunswick  Laboratory-NBL)  was
solubilized in 20 ml HNO3 by heating over hot plate (150 ºC) and made up to 50ml using
ultrapure water. The uranium was extracted using 20 ml of TBP mixture in separatory funnel,
and the content was shaken vigorously for 2 minutes. This extraction procedure was repeated
3 more times and aqueous phase was discarded. The extract was transferred to volumetric
flask (250 ml) and made up to TBP mixture, resulting in 25 g/L uranium concentration.

Working solutions  of  concentrations  2,  5,  12,  15 and 20 g/L were prepared  by adequate
dilutions of the uranium stock solution to TBP mixture. 

The  sample  of  uranium  in  organic  phase  was  obtained  in  nuclear  process  in  the  same
preparation conditions of uranium stock solution described. For direct UV-Vis measurements,
this sample was diluted ten times with TBP mixture. 

For ICP-OES measurements, 100 μl of a sample aliquot of uranium was placed in hot plate
(150 ºC) with 1 ml sulphuric acid, 1 ml hydrogen peroxide and 2 ml nitric acid, until remove
the all organic phase. The solution was transferred in 100 ml volumetric flask and made up to
ultrapure water.
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2.1.Results And Discussion

2.1.1. UV-Vis spectra of uranium in organic phase

The absorption spectra of uranium (VI) complex in organic phase are show in Fig.1. Uranium
extracted  with  mixture  TBP/kerosene  did  not  require  any additional  reagent  for  UV-Vis
determination. The organic complex containing UO2

2+ ions showed a maximum absorbance in
410 nm. Therefore, all the spectral measurements in this study were carried out in 410 nm.
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Figure 1: UV-Vis spectrum of organic complex Uranium in mixture (TBP/kerosene
35% v/v)

2.1.2. Calibration curves 

The figures 2 and 3 show the calibration curves of uranium determination obtained in ICP
OES and UV-Vis, respectively. Inside the each plot, the linear regression equation and the
correlation coefficients values were inserted.

The correlation coefficient  values in both calibration curves show a good linearity in the
concentration range studied. In figure 3, the points results of UV-Vis sample measurements
(n=24) are plotted inside the calibration curve. The points are located inside the red circle,
and they show low dispersion values successive sample measurements. 
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Figure 2: ICP-OES calibration curve for uranium determination.
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Figure 3: UV-Vis calibration curve for uranium determination. The sample process
results are in the points inside the red balloon.

2.1.3. Sample results and statistical tests

The values of mean concentrations, number of measurements, standard deviations (S.D), and
relative  standard  deviations  (R.S.D  %)  for  ICP  OES  and  UV-Vis  technique  were  also
calculated  and  summarized  in  Table  1.  The  table  1  show  a  similar  values  in  uranium
determination obtained in UV-Vis technique compared to ICP-OES with RSD% values in
both methods are lower than 5%. These results are an indicative of the good applicability of
UV-Vis for spectrophotometric for determination of uranium. 
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Table 1: Results for uranium determination in samples of uranium in organic phase
with UV-Vis (direct determination) and ICP-OES (digestion sample procedure)

Element Sample of Uranium in organic phase
Method UV-Vis ICP-OES 

mean [U] (g/l) 100,89 100,19
number of measurements (n)  24 9

standard deviation (SD) 4,39 3,27
relative standard deviation (RSD%) 4,35 3,26

The statistical tests t-student, and F-Fisher were applied to compare the means obtained for 
the uranium determined in real samples (obtained from uranium purification process) with the
ICP OES technique after the digestion procedures and organic complex containing UO22+ 
ions in UV-VIS spectroscopy technique. The statistical comparison of the results obtained are
presented in Table 2.

In  order  to  evaluate  the  uranium concentration  in  organic  phase  calibration  curves  were
performed  as  described  in  Section  2.1.  The  results  obtained  by  the  samples  previously
digested on a hot plate (ICP OES) and by direct measurement (UV-VIS) were not statistically
different, indicating that both analytical techniques are useful for control process. Differences
in uranium concentration obtained from ICP-OES and UV-VIS were not significant.

Table 2: Hypothetical statistical values and experimental values on statistical tests t-
Student and Fischer for 95% confidence

t-Student F-Fischer
Hypothetical statistical

values 
2,03 3,37

Experimental values 0,85 0,55

                     
3. CONCLUSIONS 

The results of uranium concentration obtained by ICP-OES and UV-VIS were not statistically
different, indicating that both analytical techniques are useful for control process. UV-Vis
spectrometry  represents  the  rapid,  appropriate  and  simplicity  method  for  the  direct
determination of uranium extracted in organic phase. These both techniques could potentially
be used to provide real-time data necessary to guide critical field decisions concerning in the
uranium purification process.

ACKNOWLEDGMENTS

The authors are thankful to the CTMSP, to the Chemical Division group in Nuclear Materials
Laboratory,  for  the  analytical  support  and  encouragement  during  the  curse  of  this
investigation, and the Uranium Hexafluoride Department of CTMSP to provide the samples
used in development in this study.

INAC 2013, Recife, PE, Brazil.



REFERENCES
1. Katz, J.J. and W.M. Manning, Chemistry of the Actinide Elements. Annual Review of

Nuclear Science, 1952. 1(1): p. 245-262.
2. Nomura,  S.  and  R.  Hara,  The  effect  of  organic  substituents  and  structure  of

organophosphorus  compounds  on  their  extraction  abilities  for  uranium. Analytica
Chimica Acta, 1961. 25(3): p. 212-218.

3. Vita, O.A., C.R. Walker, and E. Litteral, The gravimetric determination of uranium in
uranyl nitrate. Analytica Chimica Acta, 1973. 64(2): p. 249-257.

4. Rao, G.G., V.P. Rao, and M.V.R. Rao, Analytical applications of the chemical action
of  light:  New  volumetric  determination  of  uranium(VI)  through  photochemical
reduction by lactic acid. Analytica Chimica Acta, 1956. 15(0): p. 97-101.

5. Oguma, K., T. Suzuki, and K. Saito, Determination of uranium in seawater by flow-
injection  preconcentration  on  dodecylamidoxime-impregnated  resin  and
spectrophotometric detection. Talanta, 2011. 84(5): p. 1209-1214.

6. Rathore, D.P.S., Advances in technologies for the measurement of uranium in diverse
matrices. Talanta, 2008. 77(1): p. 9-20.

7. Parus, J. and W. Raab, Analysis of uranium and plutonium materials by radiometric
methods. International Journal of Radiation Applications and Instrumentation. Part A.
Applied Radiation and Isotopes, 1988. 39(4): p. 315-322.

8. Alsecz, A., et al., Analytical performance of different X-ray spectroscopic techniques
for  the  environmental  monitoring  of  the  recultivated  uranium  mine  site.
Spectrochimica Acta Part B: Atomic Spectroscopy, 2007. 62(8): p. 769-776.

9. Maldotti,  A.,  Photochemistry  and  photophysics  of  transition-metal  complexes,  in
Photochemistry: Volume 37. 2009, The Royal Society of Chemistry. p. 240-299.

INAC 2013, Recife, PE, Brazil.


	ABSTRACT
	1. INTRODUCTION
	2. Experimental and Results Discussion
	2.1. Experimental
	2.1.Results And Discussion

	3. CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

