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1. INTRODUCTION

The spent fuel discharged from the fast reactor is being reprocessed by 
a plutonium uranium reduction extraction process [1-5]. In this process, 
the uranium and plutonium present in nitric acid (HNO3) solution are 
selectively extracted by tri-n-butyl-phosphate dissolved in Normal 
Paraffin Hydrocarbon (NPH) as solvent leaving the activation products, 
corrosion products, and fission products to aqueous waste  [1-4]. The 
uranium and plutonium present in TBP phase are stripped to aqueous 
phase during recovery, thereby generating a lean organic waste. This lean 
organic phase contains Di-Butyl Phosphoric Acid (HDBP), Mono Butyl 
Phosphoric Acid (H2MBP), phosphoric acid, and Tributyl Phosphate 
(TBP) in NPH. These degradation products are formed due to hydrolytic 
and radiolytic degradation of TBP [5-10]. The presence of degradation 
products in TBP decrease the decontamination factors for troublesome 
fission products and also increase losses of plutonium, uranium to lean 
organic phase while stripping uranium and plutonium [7-11]. To recycle 
the organic waste, the lean organic solution is treated with sodium 
carbonate, hydrazine carbonate, ammonium carbonate, etc., to remove 
the degradation products such as HDBP and MBP for recycling [12-17]. 
The purified solvent should meet the solvent recycling criteria. The 
solvent recycling criteria [18] is based on plutonium retention test, 
phase interfacial tension, and HDBP concentration. The determination 
of HDBP for recycling organic phase is important to minimize the 
plutonium losses due to the presence of HDBP in feed organic phase 
to the extraction equipment. Hence, it is essential to determine the 
HDBP concentration in the treated spent solvent. HDBP in the TBP-
NPH system can be determined by retention methods, chromatographic 
methods, and conversion of organic phosphate to inorganic phosphate, 
followed by spectrophotometric method [17-26].

Zr tracer retention, uranium and plutonium retention methods for 
ascertaining the quality of washed solvent are reported, but these 

methods have the inherent disadvantage on availability of Zr-Nb 
tracer, generation of corrosive wastes or diluted Pu bearing waste 
solutions [17,19]. Indirect method of purification and conversion 
of organic into inorganic phosphate by perchloric acid treatment 
followed by spectrophotometric method have been reported 
[20,21]. However, this method is tedious, cumbersome, and time 
consuming for HDBP determination. Advanced Instrumental based 
chromatographic methods have been suggested for HDBP by using 
Gas chromatography, high-performance liquid chromatography, 
ion chromatographic method for HDBP [22-29]. These methods 
have problem of using the reactive explosive chemical such as 
Diazomethane. The analytical methods referred above have many 
disadvantages. It has been reported that TBP.HNO3 is a surfactant and 
surfactant molecule possess electrical conductivity in low dielectric 
constant medium such as NPH [30-34]. Electrical conductivities of 
HNO3 or U(NO3)4 (UO2[NO3]2), Pu(NO3)4 in the aqueous solution is 
higher as compared to their complexes with TBP in dodecane or NPH 
due to low dielectric constant medium. The coordination complexes 
of U(NO3)4.2TBP, (UO2[NO3]2).2TBP, Pu(NO3)4.2TBP dissociation 
to their ions are negligible as compared to HNO3.TBP complex in 
low dielectric constant medium, due to the requirement of higher 
disassociation energy results in lower electrical conductivities for 
actinide complexes mentioned earlier, HNO3.TBP is an association 
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ABSTRACT
Uranium and plutonium present in the nitric acid medium are selectively extracted by tri-n-butyl-phosphate (TBP) dissolved in 
Normal Paraffin Hydrocarbon as solvent in Plutonium Uranium Reduction Extraction process. Uranium and plutonium extracted 
selectively into organic phase rejecting bulk of the fission products to aqueous waste known as high active waste. During this 
process, the lean organic solvent is generated after extraction and stripping of uranium and plutonium need to be ascertained for 
its quality before recycling. This was attributed to the presence of degradation products of TBP such as di-n-butyl phosphate 
(HDBP) and Mono-n-butyl phosphate and phosphoric acid. A  method has been developed for the determination of HDBP 
by electrical conductivity method for checking the quality of treated solvent. The developed method is simple did not use of 
expensive and sophisticated instrument as compared to reported methods. The conductivity of organic phase was found to be 
varying linearly with HDBP concentration follows with a correlation coefficient of 0.9971. The concentration range of HDBP 
that can be determined by this method was found 100–1000 µg/mL with a precision of 3.9%. Interference studies with uranium 
and zirconium were carried out and found to be not-interfering during the analysis.
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complex as well as surfactant [32-34] and expected to have high 
electrical conductivity as compared to actinide co-ordination 
complexes in low dielectric constant medium such as NPH. The 
higher electrical conductivity for surfactants such as HNO3.TBP in 
NPH medium is explained by percolation of charges in presence of 
water molecules in the organic phase [32-34].

2. EXPERIMENTAL

30% (v/v) TBP/NPH was prepared by dilution from A.R grade TBP and 
G.R grade NPH. The HDBP stock solution was prepared by dilution 
from A.R grade DBP. 4N HNO3 was prepared from A.R grade HNO3 
using mille – Q water of conductivity 0.5 µS/cm. Uranium and 
zirconium stock solutions were prepared from their salts of A.R grade.

An in house developed conductivity probe was used for the organic 
phase conductivity measurements and details are reported earlier [33]. 
Infrared spectroscopic study of organic samples was carried out with 
ABB MB 3000 FT-IR Spectrometer.

Interferences of uranium (3 mg/ml) and zirconium (1 mg/L) during the 
determination of HDBP by conductivity measurement method were 
studied by spiking of uranium and zirconium from HNO3 medium to 
the organic phase in HDBP-TBP-HNO3

3. RESULTS AND DISCUSSION

TBP.HNO3 is known as a surfactant and HDBP can be added as a 
co-surfactant due to the presence of polar acidic and non-polar alkyl 
groups.

The effect of concentration of HDBP in 30% TBP with and without 
HNO3 on the electrical conductivity was studied and results are given 
in Figure 1.

The data in Figure  1 indicate the conductivity of organic phase 
increases with increase in the concentration of HDBP in TBP-NPH. 
The lower electrical conductivity of HDBP in TBP-NPH is due to the 
absence of appreciable concentration of charges proton and dibutyl 
phosphate anion. Therefore, detailed experimental studies were 
performed to increase the charges in the organic phase by extracting 
HNO3 in absence of HDBP and the results are given in Figures 2 and 3.

The data indicate that the electrical conductivity increases with 
increase in the initial feed acidity and reaches a saturated value beyond 
5 M feed HNO3 concentration. The initial increase in the electrical 
conductivity is attributed to the increased concentration of HNO3 in 
the organic phase, which results in formation more number of charges 
in the organic phase. The nearly same conductivities beyond 5 M not 
following the trend as expected with increased concentration of HNO3 
(Figure 3) in the organic phase. This trend is due to embedding of the 
polar head of TBP-HNO3 molecule by forming reverse micelle in the 
organic phase. It is reported that the concentration of water molecule 
in the organic phase decrease till 6 M feed acidity [35]. Therefore, 
it is expected that contribution of water molecule for percolation 
phenomenon is not appreciable, so the presence of HDBP may be 
responsible for increased conductivity of TBP-HNO3-NPH system if 
the feed HNO3 concentration is <6 M.

The results indicate that initial feed acidity where electrical 
conductivity saturated in feed acidity range of 5–7 M, indicating 
the formation of reverse micelle. Therefore, the feed acidity of 4 M 
does not have the variable of TBP-HNO3 reverse micelle; hence, 4 M 
HNO3 was selected for the further studies. Hence, TBP-HNO3-NPH 
was prepared by equilibrating 1.09 M TBP in NPH with an aqueous 
phase having feed acidity of 4 M. The effect of HDBP concentration on 
electrical conductivity with a fixed concentration of TBP-NPH-HNO3 

was studied and results are given in Figure 1. The result of this study 
indicates that with increase of HDBP concentration, the electrical 
conductivity of organic phase, that is, TBP-HNO3-NPH increased. The 
results of this study fall in line study of increased electrical conductivity 
of Poly oxethylene sorbitan monooleate + sorbitan monolaurate in the 
presence of hydrophilic component such as propylene glycol instead 
of water [36].
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Figure 2: Variation in conductivity of the organic phase as a 
function of feed acidity and concentration of TBP.
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Figure 3: Variation in conductivity of the organic phase as a 
function of feed acidity and concentration of TBP.
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To understand the reason for increased conductivity in the presence of 
HDBP for TBP-HNO3-HDBP-NPH FT-IR spectroscopy studies were 
carried out to know the interaction of species in TBP-HNO3-HDBP-
NPH system.

IR spectrum for HDBP-TBP-NPH, TBP-HNO3-HDBP-NPH, TBP-
NPH, and NPH is given in Figures 4 and 5. The vibration frequencies 
at 1380, 1450, 2854, and 2923 cm−1 are attributable to various modes 
of vibration for NPH. The vibration frequencies present at 910 and 
1026 cm−1 are due to some of the vibration modes of P-O-C present in 
TBP and HDBP molecule. The 1272 cm−1 is due to stretch – P=O in 
TBP and this frequency was changed to 1210–18 and 1290–1304 cm−1 

in – P=O-HNO3 indicating the extraction of HNO3 to organic phase. 
The vibration frequencies obtained in this study are nearly same as 
reported in the literature [9,10,37-39].

It has been reported that 1648 cm−1 is signature for HNO3 and the same 
was observed at 1650 cm−1 in the presence of HNO3 in the current 
study [30-32]. The speciation of TBP-HNO3 in the organic phase 
is important and detailed experimental studies were carried out by 
extraction studies of HNO3 TBP-NPH system [33]. The TBP-HNO3 
was calculated using a model from the extraction isotherms. The 
various TBP-HNO3 species present in the organic phase as function of 
initial feed acidity is given in Figure 6.

The data given in Figure 6 indicate that (TBP)2.HNO3 concentration 
decreases in the range of 2–8 M HNO3 and negligible beyond 8 M 
acidity. TBP.HNO3 complex concentration increases with acidity and 
has maximum at about 8M acidity and decreases drastically beyond 
9 M, whereas TBP.2HNO3 concentration the organic phase remains 
very small up to 8 M acidity and increases drastically beyond 9 M 
acidity  [34]. The results of this study indicate TBP.2HNO3 in the 
organic phase might be responsible for increased conductivity in the 
organic phase due to presence of HDBP.

It is also known that IR spectra at 1648 cm−1 forms a new peak positions 
or shoulders at 1620 and 1672 cm−1 attributable to the formation of hemi 
solvate [37] (TBP.2HNO3) when HNO3 concentration in the organic 
phase is >0.72 M. Since the organic phase, HNO3 concentration is 0.7 M 
in the current study traces of hemi solvate (TBP.2HNO3) might have 
been present in the organic phase but could not find any signatures at 
1620 and 1672 cm−1. In the Hemi solvate, one molecule of HNO3 is 
weakly bonded to TBP.HNO3 by weak force, it is represented as follows:

This weakly bonded HNO3 may dissociate to free nitrate (NO3
−) 

and proton (H+) in the presence of appropriate medium such as 
moisture  [39]. Since signature for the presence of water molecule 
is not seen in the IR spectra, the presence of molecule which have 
hydroxyl group can form hydrogen bonding with nitrate and proton 
result in formation of the charges in the organic phase. Since HDBP has 
hydroxyl group which stabilized nitrate and proton by weak hydrogen 
bonding, resulting in higher electrical conductivity.

To confirm the formation of weak hydrogen bonding between hydroxyl 
group of HDBP and H+ and [NO3]− in the organic phase. It is known 
that this weak bond can be easily broken by heating; therefore, the 
effect of temperature on the conductivity of TBP-HDBP-HNO3-NPH 
was studied and the results are given in Table 1.

TBP-HDBP-HNO3 (G) is employed for calculating HDBP 
concentration (mg/L) from the slope (0.0581) and intercept (9.6) in the 
unknown samples using the Equation-1.
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Figure 5: IR spectra of organic phase at different organic phase 
composition around 1650 cm−1.
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Figure  4: IR spectra of organic phase with different organic 
phase composition.

Figure 6: Various species of TBP-HNO3 complex in the organic 
as a function of HNO3 for 30% TBP.
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	 (HDBP) = (G−9.6)/(0.0581)� (1)

Since the sum of squares of the residual is near unity and HDBP 
concentration in the unknown samples can be calculated using 
Equation 1.

The variation of conductivity of organic phase as a function of HDBP 
concentration follows linear regression model with a correlation 
coefficient of 0.9971. The concentration range of HDBP as determined by 
the method was found to be 100–1000 µg/mL with a precision of 3.9%. 
Interference from uranium and zirconium was found to be negligible. 
Figure 7 showed the result of inference studies of uranium and zirconium.

4. CONCLUSION

A simple method for the determination of HDBP concentration in the 
spent organic solvent was developed using electrical conductivity. The 
effect of HDBP concentration on the electrical conductivity of organic 
phase was studied at different compositions. The electrical conductivity 
of HDBP increased in the presence of HNO3 in the organic phase. The 
increased electrical conductivity was attributed to the presence of 
charge carried in the organic phase and their presence was confirmed 
by IR spectroscopy and speciation studies.

REFERENCES

1.	 R. Natarajan, (2015) Reprocessing of spent fast reactor nuclear 
fuels. In: R. Tylor (Ed.), Recycling and Reprocessing of Spent 

Nuclear Fuel, Ch. 9. Cambridge: Woodhead Publishing.
2.	 R. Natarajan, A. R. Sankar, R. V. Subba Rao, V. Vijayakumar, 

(2015). Operating Experience of Reprocessing the High Burn 
up and Short Cooled Fast Reactor Spent Fuel at Coral, Paris, 
France: Proceedings of Global 2015, September 20-24, 2015 
Paper, No. 5299.

3.	 R. Natarajan, (1998) Challenges in fast reactor fuel reprocessing, 
IANCAS Bulletin, 14: 27-32.

4.	 A. Ramanujan, (1998) An introduction to PUREX process, 
IANCAS Bulletin, 14: 11-20.

5.	 R. V. Subba Rao, M. Venkataraman, R. Natarajan, B. Raj, (2009) 
Operating Experience Spent Fast Reactor Fuel Reprocessing 
Facility, Coral, Paris, France: Proceedings of Global 2009 Paris 
France 6-11 September Paper, No. 9126.

6.	 W. W. Schulz, L. L. Burger, J. D. Navratil, K. P. Bender, (Eds.), 
(1990) Science and Technology of Tri Butyl Phosphate. Vol. 3. 
Boca Raton: CRC Press Inc.

7.	 G. S. Markov, M. M. Moshkov, V. A. Cherbakov, (1993) The 
Behaviour of Silicic Acid and Extractant Radiolysis Products in 
the Extraction Processes of Spent Nuclear Fuel Reprocessing. 
Vol. 3. Paris, France: Proceedings International Solvent extraction 
Conference (ISEC’ 93), p1531.

8.	 L. Stieglitz, R. Baker, (1982) Chemical and radiolytic solvent 
degradation in the PUREX process, NuklearEntsorgung, 2: 333.

9.	 K. A. Venkatesan, B. Robertselvan, M. P. Antony, T. G. Srinivasan, 
P. R. Vasudeva Rao (2006) Physiochemical and plutonium 
retention properties of hydrolytic and radiolytically degraded 
tri‐n‐amylphosphate, Solvent Extraction and Ion Exchange, 
24: 747-763.

10.	 S. Mishra, A. K. Soda, M. Sridhar, C. Mallika, N. K. Pandey, U. 
K. Mudali, (2018) Identification of diluent degradation products 
in radiolyzed PUREX solvent, Solvent Extraction and Ion 
Exchange, 36: 1-12.

11.	 C. A. Jr. Blake, (1968) Solvent Stability in Nuclear Fuel 
Reprocessing. Evaluation of the Literature Calculation of 
Radiation Dose and Effects of Iodine and Plutonium ORNL-
4212, Technical Report.

12.	 H. Sugai, (1992) Crud in solvent washing process for nuclear fuel 
reprocessing, Journal of Nuclear Science Technology, 29: 445-453.

13.	 H. Goldacker, H. Schieder, F. Steingrunn, L. Stieglitz, (1976) A 
newly developed solvent wash process in nuclear fuel reprocessing 
decreasing the waste volume, Kerntechhnik, 13: 426.

14.	 J. C. Mailen, O. K. Tallent, (1982) Review of Recent ORNL 
Studies in Solvent Cleanup and Diluent Degradation, 
Consolidated Fuel-Reprocessing Program, No. CONF-821056-8.

15.	 O. K. Tallent, J. C. Mailen, K. E. Dodson, (1985) Purex diluent 
chemical degradation, Nuclear Technology, 71: 417-425.

16.	 P. Govindan, K. Dhamodharan, K. S. Vijayan, R. V. S. Rao, M. 
Venkataraman, R. Natarajan, (2008) Wash Solution Suitable for 
Use in Continuous Reprocessing of Nuclear Fuel and a System 
Thereof, Patent number WO 2010020993A1.

17.	 T. P. Garrett, (1957) A Test for Solvent Quality, Technical Report 
No. DP-237.

18.	 J. H. Gray, D. J. Reil, D. F. Chosterner, H. P. Holcomb, (1991) 
Plutonium Recovery from Carbonate Wash Solutions, Technical 
Report No. WSRC-MS-91-242.

19.	 S. Sukumar, P. Govindan, R. V. S. Rao, (2007) Estimation of 
Dibutyl Phosphate by Plutonium Retention Method, Baroda: 
Proceedings of the Nuclear and Radiochemistry Symposium 
(NUCAR 2007), p461.

Table 1: Variation of organic phase conductivity as function of 
temperature.

S. No. Temperature (°C) Conductivity (µS/cm)
1. 29 47.5
2. 35 45.1
3. 40 43.14
4. 45 42.3
5. 50 36.4
6. 55 28.1

0

10

20

30

40

50

60

70

80

0 200 400 600 800 1000 1200

C
on

du
ct

iv
ity

 (µ
S/

cm
)

Concentration of HDBP in organic
phase (mg/L)

TBP-DBP-HNO3

DBP-TBP-HNO3-U

DBP-TBP-HNO3-Zr

Figure 7: Conductivity variation in organic phase as a function 
of HDBP Concentration in presence of Uranium and Zr.



Indian Journal of Advances in Chemical Science 2021; 9(2): 51-55

  KROS Publications	 55� www.ijacskros.com

20.	 R. V. S. Rao, (1998), Analytical Manual for LMC Operations, 
Internal Calssified Report of IGCAR.

21.	 S. Ganesh, P. Velavendan, N. K. Pandey, M. K. Ahmed, U. K. 
Mudali, R. Natarajan, (2012). Spectrophotometric determination 
of dissolved tri n-butyl phosphate in aqueous streams of Purex 
process, Journal of Radioanalytical and Nuclear Chemistry, 
293: 529.

22.	 B. L. Shaila. Studies in the Extraction of Tri-n-butyl Phosphate 
from Aqueous Solutions. Available from: http://www.hdl.handle.
net/10603 / 9055. [Last accessed on 2021 Feb 05].

23.	 C. A. Blake, S. Davis, J. M. Schmitt, (1963) Properties of degraded 
TBP-amsco solutions and alternative extractant-diluent systems, 
Nuclear Science and Engineering, 17: 626.

24.	 S. C. Tripathi, P. Bindu (2001) Stuides on the identification of 
harmful radiolytic products of 30 % TBP-n-Dodecane-HNO3 by 
gas liquid chromotography. Formation of diluents degradation 
products and their role in Pu retention behavior, Separation 
Science and Technology, 36:1463-1478.

25.	 S. C. Tripathi, M. Bindu, K. S. Rao. (2016) Extraction and 
preconcentration of dissolved dibutyl phosphoric acid (HDBP) 
from aqueous uranyl nitrate solutions for gas chromatographic 
analysis, Journal of Radioanalytical and Nuclear Chemistry, 
308: 609-615.

26.	 P. Velavendan, S. Ganesh, N. K. Pandey, U. K. Mudali, R. 
Natarajan, (2012) Comparative studies on the determination of di-
n-butyl phosphate in degraded solvent of PUREX process by ion 
chromatography and gas chromatography methods, Desalination 
and Water Treatment, 49(1-3): 123-129.

27.	 K. E. Grant, G. M. Mong, S. A. Clauss, K. L. Wahl, J. A. Cmpbell, 
(1997) Determination of monobutyl phosphate and dibutyl 
phosphate in mixed hazardous wastes by ion-pair chromatography, 
Journal of Radioanalytical and Nuclear Chemistry, 220: 31-35.

28.	 R. P. Lash, C. J. Hill, (1979) Ion chromatographic determination 
of dibutylphosphoric acid in nuclear fuel reprocessing streams, 
Journal of Liquid Chromatography and Related Technologies, 
2: 417-427.

29.	 P. Velavendan, S. Ganesh, N. K. Pandey, U. K. Mudali, R. 
Natarajan, (2011) Ion Chromatographic Determination of Di-n-
butyl Phosphate in Degraded Organic Solvent, Visakhapatnam: 
Proceedings of Nuclear and Radiochemistry Symposium 

(NUCAR’11) Visakhapatnam, p250-251.
30.	 P. Velavendan, N. K. Pandey, U. K. Mudali, R. Natarajan, (2011) 

Gas Chromatographic Determination of Di-n-butyl Phosphate 
in Radioactive Lean Organic Solvent of FBTR Carbide Fuel 
Reprocessing, International Nuclear Information System, p234-235.

31.	 S. K. Mehta, Kawaljit, (2002) An insight into percolation 
phase diagram and physical properties of a waterless sodium 
bis(2-ethylhexylsulfosuccinate)-ethylbenzene-ethyleneglycol 
microemulsion, Physical Review E, 65: 021502.

32.	 R. Chiarizia, K. L. Nash, M. P. Jensen, P. Thiyagarajan, 
K.  C.  Littrell, (2003) Application of the baxter model for hard 
spheres with surface adhesion to SANS data for the U(VI)-HNO3, 
TBP-n-dodecane system, Langmur, 19: 9592-9599.

33.	 S Subbuthai, R. Ananthanarayann, P. Sahoo, A. Nageswara Rao, 
R. V. Subba Rao, (2012) Feasibility studies for the detection of 
third phase during reprocessing of fast reactor fuel, Journal of 
Radioanalytical and Nuclear Chemistry, 292: 879-883.

34.	 S. Subbuthai, A. Nageswara Rao, P. Velavendan, N. K. Pandey, 
U. KamachiMudali, R. V. Subba Rao, (2013) Study on third phase 
behavior for the nitric acid-tri-butyl phosphate system using 
conductivity measuring technique, Indian Journal of Advances 
in Chemical Science, 1: 207-212.

35.	 K. Alcock, S. S. Grimley, T. V. Healy, J. Kennedy, H. A. C. Mckay, 
(1956) The extraction of nitrates by tri-n-butyl phosphate (TBP). 
Part 1.-The system TBP + Diluent + H2O+HNO3, Transactions 
of the Faraday Society, 52: 39.

36.	 S. Yotsawimonwat, S. Okonoki, K. Krauel, J. Sirithunyalug, 
B. Sirithunyalug, T. Rades, (2006) Characterisation of 
microemulsions containing oragnge oil with water and propylene 
glycol as hydrophilic components, Pharmazie, 61: 920-926.

37.	 J. R. Ferraro, M. Borkowski, R. Chiarizia, D. R. McAlister, (2001) 
FT-IR spectrocopy of nitric acid in TBP/octane solution, Solvent 
extraction and Ion Exchange, 19: 981-992.

38.	 A. R. Gillens, B. A. Powell, (2013) Rapid quantification of TBP 
and TBP degradation product ratios by FTIR-ATR, Journal of 
Radioanalytical and Nuclear Chemistry, 296: 859-868.

39.	 S. Detont, D. Hadzi, (1964), Hydroxyl Bands in the infra red 
spectra of organophosphoric and phosphinic acids, Spectro 
Chimica Acta, 20: 949-955.

*Bibliographical Sketch

Dr. Suba. M is a scientist at Indira Gandhi Centre For Atomic Research. Her research interests are solvent extraction and 
development alternate analytical methods during reprocessing of spent nuclear fuels for reducing corrosive waste volumes. 
She had about 22 year’s experiences in the applied R and D studies as well as design of analytical laboratory for nuclear 
Material Accounting for a reprocessing plant. She has standardized various methods for the determination of Plutonium, 
Uranium, and other trans Plutonides. She has about 10 peer reviewed journal publications and 22 national and international 
symposia


