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THE DETERMINATION OF DIBUTYLPHOSPHORIC ACID IN CARBONATE, 
OXALATE, OR NITRATE SOLUTIONS BY ION CHROMATOGRAPHY 

J. M. Keller and R. R. Rickard 

HIGHLIGHTS 
Relatively high concentrations of carbonate, oxalate, or 

nitrate interfere with the direct termination of dibutylphos-
phoric acid (DBP) by ion chromatography. Carbonate and 
oxalate are effectively separated from the DBP as insoluble 
barium salts. A chromatographic method employing reverse-
phase resin removes the nitrate interference. Recovery of 
DBP from carbonate and oxalate solutions exceeds 98% and from 
nitrate solutions, approximately 88%. 

1. INTRODUCTION 

In the reprocessing of nuclear fuel, a tributyl phosphate (TBP)-n-
paraffinic hydrocarbon solution is employed as an extractant for uranium. 
Recovery of uranium from the solvent is normally achieved by stripping 
with dilute nitric acid. However, during the reprocessing operation 
there is a degradation of TBP results from heat exposures, acidity, 
and radiolysis. The main products of degradation are mono- and dibutyl-
phosphoric acid (MBP and DBP); both form stable complexes with many 
cations and hinder the fuel separation from fission products, which 
complicates attempts to decontaminate the solvent for reuse. It is 
therefore necessary to periodically remove DBP and MBP from the TBP-
hydrocarbon solution. 

Since a need exists for recycling the extractant, definitive 
laboratory studies were initiated that used a solution of carbonate or 
oxalate as solvent cleaning agents. Monitoring the efficiency of these 
agents required the measurement of low concentrations of DBP in both 
aqueous solutions and the spent organic solvent. Until the recent 
development of ion chromatography (IC),1 procedures for low-level 
determination of DBP were limited to 0.001 M. Employing IC analysis, 
0.00001levels of DBP are readily determined2 (Fig. 1). 

Ion chromatography employs a low-capacity anion exchange resin to 
effectively separate the DBP from other extractable anions, as well as 

1 



2 

CONTROL 

ORNL DWG 80 12745R 

CARBONATE CARBONATE 
PRESENT REMOVED 

DBP 

MBP 

DBP 

r co; - 2 

IL 
i i i 

DBP 

MBP 

5 1 0 

L 
0 5 1 0 

TIME (min) 

Fig. 1. Effect of carbonate on the analysis of DBP. 
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ions present in the extractant. If one anion is present in a much 
higher concentration, relative to the DBP in this case, the majority of 
exchange sites available within the resin will be occupied by the 
predominant anionic species. This saturation of the exchange sites will 
prevent resolving the DBP from other anions in the sample. The low 
levels of DBP in the sample eliminate dilution as a means of removing 
this interference. Therefore, adequate removal of a predominant anion, 
while maintaining the integrity of the DBP, must be achievable if 
successful determinations are to be obtained. 

Predominant anions to be separated from DBP before using ion 
chromatography included not only carbonate and oxalate but also rela-
tively high levels of nitrate from solvent equilibrations with nitric 
acid. The removal of the carbonate or oxalate interference has been 
achieved by precipitation as the barium salt. Greater than 99% removal 
of nitrate from DBP has been obtained by employing a reverse-phase resin, 
which retains DBP at low pH. 

2. EXPERIMENTAL 

The chemicals used were reagent grade and were not purified further. 
The barium hydroxide solution for precipitating the carbonate or oxalate 
was saturated at ambient temperature and filtered before use. The Dowex 
50W-X8 cation exchange resin used to remove excess barium was first 
washed with 1 M sulfuric acid, followed by a thorough washing with 
distilled water. The resin was then filter* and allowed to air dry. 
The reverse-phase resin used for removal of nitrate is contained within 

* 

a SEP-PAK Cj8 cartridge. The ion chromatograph was a Dionex System 10, 
which employed a 3- by 150-mm guard column, a 3- by 500-mm anion sepa-
rator column, and a 6- by 250-mm suppressor column. The eluant used was 
1.5-mM sodium carbonate-0.5-mM sodium hydroxide that had been degassed by 
vacuum and filtered through a 10-y stainless steel frit. The pump on the t ion chromatograph was equipped with a pulse damper. Inlet pressure was 

* Supplied by Waters Associates, Inc. 
+ Supplied by Glenco Scientific, Inc. 
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about 500 psi at a flow rate of l̂ S mL/h. Quantitation was by peak 
height; both ruler measurement and a Shimadzu Chromatopac-EIA digital 
integrator were employed. 

The removal of carbonate or oxalate is achieved by precipitation as 
the barium salt (Appendix A). One volume of the carbonate or oxalate 
solution is treated with nine volumes of saturated barium hydroxide 
solution. After several minutes the suspension is centrifuged, and the 
supernatant is treated with Dowex 50W-X8 cation exchange resin to remove 
excess barium. At this point the sample can be injected into the IC. 

The elimination of nitrate interference takes advantage of the 
decrease in polarity of DBP at low pH (Appendix B). The non-ionized DBP 
in a solution containing nitric acid ia preferentially retained on a 
reverse-phase resin (SEP-PAK Cjg cartridge) which has been prewashed 
with methanol. The method involves first washing the cartridge with 
10 mL of methanol, followed by loading up to 10 mL of sample. The 
cartridge is then flushed with 5 mL of deionized water to remove any 
remaining nitrate. The DBP is then eluted with several milliliters of 
methanol and diluted to a known volume with eluant. The sample may then 
be analyzed without any nitrate interference. 

3. RESULTS AND DISCUSSION 

3.1 Separation of Carbonate or Oxalate 

To illustrate the effect of carbonate on the direct analysis of DBP 
by IC, two aqueous solutions were prepared. One solution was made to be 
6 mM in butyl phosphates, and the other, 0.24 M in sodium carbonate and 
6 mM in butyl phosphates. Tenfold dilutions of these solutions were 
made, and each was subjected directly to ion chromatographic analysis. 
The chromatograms obtained are shown in Fig. 1. The first chromatogram 
shown is that of the solution without carbonate present (labeled control), 
the second chromatograph is of the solution with carbonate present. 
This interference of the carbonate results in approximately 40% loss of 
the butyl phosphate response. This is likely because of the carbonate 
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present in solution behaving as a strong eluant, thus not allowing 
sufficient exchange to occur to separate all of the butyl phosphates 
from the carbonate band. 

Although the carbonate appears to be a minor constituent, when 
comparing peak heights, this is obviously not the case. The carbonate, 
when passed through the suppressor, is converted to carbonic acid. 
Carbonic acid, being a very weak acid, does not appreciably contribute 
to the conductivity. Therefore, the carbonate peak height is a mis-
leading measure of the amount of carbonate present. 

When the solution with carbonate is taken through the barium 
treatment to remove the carbonate (which results in a tenfold dilution) 
and the sample is analyzed, there is little effect on the DBP concen-
tration. This is illustrated by the third chromatogram in Fig. 1. 
However, there is a more noticeable effect on the MBP. The 17% negative 
deviation from the control, for MBP, could be due to entrapment of MBP 
within the crystal structure of barium carbonate. Since the concentra-
tion levels of MBP are lower than DBP, and the MBP is easier to strip 
from the organic extractant, there is more concern for the analysis of 
DBP. 

This process for removing carbonate is also applicable for the 
removal of oxalate. Precipitation of the oxalate as the barium salt is 
not as efficient as for carbonate. However, since total removal of the 
oxalate is not required, the barium precipitation of oxalate is suffi-
cient to prevent saturation of the separator column. Similar results 
are obtained on maintaining the integrity of the DBP. 

The 6-mW levels of DBP in the test solutions are relatively high 
compared with samples routinely received for analysis. At the 6-mM 
level, it is possible to dilute away from carbonate interference. How-
ever, many of the samples analyzed are below 0.1 mM in DBP; at that 
concentration, the interference cannot be eliminated by dilution, and 
removal of carbonate or oxalate is necessary if a meaningful analysis is 
to be obtained. 
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3.2 Separation of Nitrate 

To illustrate the effect of nitrate on the direct analysis of DBP 
by IC, two aqueous solutions were prepared. One solution was made to be 
1.2 mW in butyl phosphates, and the other, 1.2 mM in butyl phosphates 
and 0.8 M in nitric acid. Fivefold dilutions of these solutions were 
made, and each was subjected directly to ion chromatographic analysis. 
The chromatograms obtained are shown in Fig. 2. It is apparent from 
these chromatograms that the nitrate in the second sample eliminates any 
useful analytical data. The nitrate overloads the low-capacity resin of 
the separator column and is eluted almost at the void volume. 

The nitrate removal procedure, employing the SEP-PAC Cig cartridge, 
was used for the nitrate-containing sample; the resulting chromatogram 
is shown in Fig. 3. It can be seen that after treatment of the high-
nitrate solution, almost all of the nitrate was removed. It is also 
apparent that this procedure removes most of the MBP. The MBP is a 
stronger acid than DBP, and even at low pH, the MBP is too polar to be 
retained on the resin. However, the DBP is of primary concern since it 
is a better measure of TBP degradation. 

This SEP-PAK technique for removal of the nitrate does not give 
100% recovery of the DBP. For the nitrate removal illustrated in 
Fig. 3, there was 88% recovery of the DBP. To demonstrate the variance 
on DBP recovery, five separate treatments of the high-nitrate solution 
were carried out. Table 1 gives the percent recovery as compared to the 
control. For the five samples, there was an average 88.8% recovery of 
DBP with a one-sigma deviation of 2.5%. When this small loss of DBP is 
compared with not being able to analyze the sample, the induced error is 
tolerable. 

4. SUMMARY 

Ion chromatographic analysis of DBP has been hindered in the past 
by high concentrations of anions which overload the analytical column 
and prevent separation. The interference of carbonate or oxalate, 
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Table 1. Recovery of DBP after nitrate removal 

Sample Peak height12 Percent recovery Concentration 
number (mV) of DBP (mmol/L) 

1 235 87 0.21 
2 238 88 0.21 
3 235 87 0.21 
4 239 89 0.21 
5 252 93 0.22 

Av: 88.8 (2.5)% 
Control 270 100 0.24 

aPeak heights were measured with a Shimadzu Chromatopac-EIA 
digital integrator. 

stripping agents for DBP, was eliminated by barium precipitation. The 
barium precipitation has little effect on the DBP, with some loss of MBP. 
High nitrate levels are removed by retaining the acid form of DBP on 
methanol-washed reverse-phase resin. The nitrate may then be separated 
from DBP, after which DBP is eluted with methanol. Approximately 90% 
recovery of the DBP is achieved with 99% removal of the nitrate. 
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APPENDIX A. THE DETERMINATION OF DIBUTYLPHOSPHORIC ACID IN CARBONATE 
OR OXALATE SOLUTIONS BY ION CHROMATOGRAPHY 

Scope 

This method is applicable to the determination of DBP in carbonate 
and oxalate solutions. The carbonate or oxalate is removed from DBP as 
insoluble barium salt. 

Apparatus 

1. Ion chromatography Dionex model 10 or 16 with recorder. 
2. Clinical centrifuge. 
3. Clinical syringe, 10 cm3. 
4. Extraction vials, 40 cm3. 

Reagents 

1. Deionized water. 
2. Cation resin, Dowex 50W x 8 (H+ form). 
3. Eluant, 1.5-mM Na2C03-0.5-mM NaOH. 
4. Barium hydroxide, saturated solution. 

Sample preparation (carbonate and/or oxalate solutions) 

1. Pipet 1 mL of sample into an extraction vial. 
2. Add 9 mL of Ba(0H)2 solution. 
3. Cool 5 min in an ice bath. 
4. Centrifuge. Transfer some of the liquid into a clean vial. 

(Note: at least 5 mL.) 
5. Add about 5 g of cation resin and shake mixture. 
6. After resin has settled, shake mixture again. 
7. Inject portion of solution into ion chromatograph. 

0 
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APPENDIX B. THE DETERMINATION OF DIBUTYLPHOSPHORIC ACID 
IN NITRATE SOLUTIONS BY ION CHROMATOGRAPHY 

Scope 

This method is applicable to the determination of DBP in solutions 
of nitric acid. The nitrate is separated from the DBP by selective 
absorption of DBP on a reverse-phase resin. 

Apparatus 

1. Ion chromatograph, Dionex model 10 or 16 with recorder. 
2. Clinical centrifuge. 
3. Clinical syringe, 10 cm^. 
4. Extraction vials, 40 cm^. 

Reagents 

1. Deionized water. 
2. Cation resin, Dowex 50W x 8 (H form). 
3. Eluant, 1.5 mW Na2C03-0.5 mM NaOH. 
4. Sodium hydroxide, 0.01 M. 

Sample preparation (TBP-w-Dodecane/nitrate solutions) 

1. Pipet 1 mL of sample into an extraction vial, 
2. Extract with 10 mL of 0.01-M NaOH; centrifuge. 
3. Attach a SEP PAK Ci8 cartridge to lO-cm^ syringe. 
4. Wash cartridge with 10 mL of methanol. 
5. Remove excess methanol by plunger action. 
6. Remove plunger from syringe. 
7. Pipet known volume (5 mL) of sample extract into syringe. 
8. Acidify with nitric acid and mix by shaking. 
9. Return plunger to syringe and force liquid into cartridge. 

Leave resin covered with liquid. 
10. Remove cartridge and plunger from syringe in that order. 



14 

11. Affix cartridge on syringe and add 10 mL of water. 
12. Place plunger in syringe and force water through resin. 
13. Repeat step 10. 
14. Add 3 nL of methyl alcohol to syringe. Replace plunger and 

elute DBP into a 10-mL volumetric flask. 
15. Dilute solution to 10 mL with eluant and mix. 
16. Inject solution into ion chromatograph. 


