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ACID IN URANYL NITRATE SOLUTIONS

Om Van Vinh and Staffs

Inslifule for Tecimology of Radioactive and Rai-e eai-fli elements

I

ABSTRACT: fligh-pUrity UraniUrn compounds ae widely sed ill nuclear field i te for of
uranyl itrate o uranium oxides. In poduction Of ranium materials te estimation and the
control of poduct's ality is necessary and very important.

Halogens was separated from uranium compounds by steam distillation and tey were later
determined by igh performance liquid chromatography (HPLQ for CF, Br-, F ions. Br- was
also determined by spectrophotometric and iodide by the individual plse polarography.
Silicon ad phosphorus ill Uranyl nitrate solutions were determined by the potometric ethod.
Sulfur was determined as Slfate form by the measurement of turbidity on a spectrophotometer.
Carbon was separated from uranyl itrate solutio ten determined by te titrinietry. TBP in
kerosene and free ai i aeou Slution were determined by the titration.

RESULT AND DISCUSSION

1. Determination of silicon by spectrophotometric method

Silicon in uranyl nitrate was determined on te basis of the formation of -
silicomolybdic acid and that was reduced to the blue form of molybdenum complex.
Oxalic acid and sodium sulfite were added to prevent the interference of phosphorous
and to stabilize the complex. The absorbance was- measured at 810 nrn on a
spectrophotorneter (JASCO V-530).

Pipette 5ml of ammonium molybdate solution (65g/1) and 4ml of HCL 1+9) into
a 100ml plastic beaker. Transfer a weighed portion of sample solution containing 2 to 3
drops of HF 48%) or an appropriate dilution into the beaker and swirl to mix. Dilute to
35ml with water and let stand 15 to 30 min. Add, in order and swirling after each
addition, 2ml of oxalic acid solution (10%), 2rnI of sodium sulfite solution (15%), and
5ml of sulfuric acid 1:3), and let stand 3 min. Add Iml of stannous chloride solution
(1%), dilute to 100ml volume with 0,5N sulfuric acid, shaker well, let stand 15 min.
Read te absorbance at 8 1 Onm in 3cm cells with water as a reference. Prepare a standard
curve by carrying to 20�Lg Si trough the pocedure.

The determination of silicon covers the range of 2 up to 200[LgSi/gU. The sample
could be uranyl nitrate solutions or U301 or U2-

2. Determination of phosphorus by spectrophotometric method

Phosphorous was determined i sample solution on the basic of the formation of
heteropolymolybdopliosphoric acid and the yellow complex was extracted into
isobutanol. Tis complex was then reduced to the blue form of a molybdenum complex
and the absorbance was recorded on a spectrophotometer (JASCO V-530) at 725 nm.

Transfer a weighed portion of sample solution containing of 30 to 60�tgl? to
150ml beaker. Add 1.5ml of H2SOI concentrated to the beaker and heat to strong fumes,
cooling. Add 40ml of water and 5ml of ammonium molybdate solution (10%), and
shaker, stand 10 to 15min. Transfer to a 25ml separatory funnel. Add 40m of
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isobutanol and extract for I min. dscard te aqueous layer. Wash the organic layer with
two 25ml portions of water and discard the aqueous layer. Add 25ml of SnCl2 0.25%)
solution and shaker for 20s. Discard te aqueous layer. Drain the organic layer into a
50ml volumetric flask. Make to volume with isobutanol and read at 725nm in 2cm cells
with isobutanol as te eference. Pepare a standard curve by carrying to 60vtg P
through the procedure.

The determination of phosphorus by spectrophotometric method covers the range
of to 60pgP in uranyl nitrate solutions.

3. Separation of halogens by steam distillation and Determination of these
anions on high performance liquid chromatography (HPLC)

Halogenous ions were separated from uranyl nitrate solution by steam
distillation as halogenic acids that were adsorbed in dilute ammonium solution. The
present anions were ten determined by HPLC using 2,4-dihydroxybenzoic or salicylic
acid as an eluent.

Mix a sample aliquot with 25ml of solution containing ferrous ammonium
sulfate, sulfarnic acid, posphoric acid, and sulfuric acid. Tansfer ml of 0.5M NHOH
solution to a 100ml graduated cylinder and position it under the condenser tip, add 2
drops of phenolplithalein solution. Heat the distillation flask until the thermometer in the
well reaches 140'C. Pass steam trough from the boiler, and maintain at a temperature
of 140'C until a volume of 200ml is collected, boil te solution to 90'C in a boiling bath
to 90ml, cool and make the volume to 100ml Tis solution is further used for the
determination of lialogenous ions.

The single column chromatographic system was used. The eluent was pumped
using a gradient pump (JASCO-PUI580) to the injection valve and later passing through
a UV-VIS photometric detector (JASCO-UV875). The absorbance of mobile phase was
recorded at 310 nm or 320 nm when 2,4-dihydroxybenzoic or salicylic acid was used as
an eluent. The signal from detector was then sent to an Integrator (SIC -
Chromatocorder 12) and elution peaks were obtained accordingly retention time.

An. average detection limit of O.5ptg/ml. The halogenous ions such as CF, Br-,
F in distillate solution were determined with 24 d1hydroxybenzoic acid and F ion was
eluted with salicylic acid.

4. Determination of bromine by spectrophotometric method

Bromine was also determined by Using a spectrophotometry with fluorescein
indicator-.

Weigh a portion of sample solution (according to content halogens in the
sample) into a 100ml beaker and dilute to 50ml. Cool the solution to 150C in an ice bath,
Transfer the cooler solution to a 125ml separatory funnel. Add Iml of NaNO2 solution
(2g/1) and swirl the solution to rnix. Add 10ml of CCl, and Iml of KMnO, solution
(5g/1); then shake the fnnel for 10s. Transfer the organic layer to a 25ml separatory
funnel. Add another 10ml of CCI, to te larger funnel and shaker it for 10s. Combine the
organic layer in the saller funnel and discard the aqueous layer. Add 5ml of buffered
fluorescein solution to te organic solution and shake for 1.5min. Discard tile oganic
layer and transfer te aqueous layer to a entrifuge tbe. Centrifuge until a clear solution
is obtained. The absorbance of the oganic solution was measured on a
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spectrophotometer (JASCO-V530) at 510nm in 2cm cells using a buffered fluorescein
solution, wich as been extracted for 1.5 min with rnI of CC14-

This test method covered te etermination of 02 �Lg/gU, when it existed as
bromide Or bromate in uranyl nitrate solutions. It was the best when BF concentration
was on the Order of' I to 10 Vtg/ml. An average detection lirnit was of 0.2[tgBr/ml

5. Determination of iodide by the individual pulse polarography

Iodide in distillate separated by steam distillation was determined as I03-'

Pipette I to 2rnI sample into a 100ml beaker and add Iml of Javele water
saturated depending o F content in te sample), boil the solution to 90'C in a biling
bath for 20 minute, cool and add 2.5rnl NaOH 4M and dilute with water to 25ml.
Nitro-en gas was bubbled in te vessel at the rate of one to two bubbles per second.
Calibration was pepared by polarograpla the known amounts of in OAM NaCI
medium. Te individual pulse polarography ethod was simple in both procedure and
instrumentation. It gave the best esults wen concentration was in the range of to
40 pg/ml Te detection limits for the solutions measured in this investigation were
approximately 0.5 �Lg/1111 or 410-6 M.

6. Separation and determination of carbon by titrimetry

Carbon in uranyl nitrate solution was oxidized to carbon dioxide by potassium
persulfate and silver nitrate. Te carbon dioxide CO2 poduced then was reacted with a
quantity of banum ydroxide. Tis solution was then titrated against te standard
hydrochloric acid solution with thymolplitalein indicator.

Transfer a weighed 30 to 50rn1 sample aliquot to a 50ml round-bottom flask.
Add 5g of potassium persulfate and enough water to give a total volume of 100ml. Add
a few dops of dilute H2SO4 and swirl to liberate any carbonate pesent. Add 4 drops of
AgNO,, SILI[Ion and mix. Transfer 10inl of 0.08 N Ba(OH)2 Slution to a 50ml test tube
and dilute to 40inl wth water. Add 3 dops of thymolphthalein solution. Insert te glass
frit ito te solution In te test tbe. Start te flow of agon sweep gas and adjust the
valve for conducting a slow bt continuou sream of fine bubbles from the glass frit.

When carbon concentration in te sample Sution was fom to 2.5mg, the
procedure sowed the best esult. Te detection limits for the measurement in this
investigation were 0,15mg C.

7. Determination of sulfur by turbidirnetry

After separation Of ranium from uranyl nitrate by solvent extraction with
tri phosphate TBP), SUffill' emained in te aqueous solution as sulfate ions. The
determination of sulfate ions was carried out on the basic of bariurnsulfate precipitation
and the turbidity of suspension sulfate in glycerin solution was measured on a
spectrophotorneter.

Transfer a weighed aliquot of sample (according to content S04'_ in the sample)
to a 0nil separatory funnel. Adjust the nitric acid concentration to 5M and the volume
to 5ml. Add 10ml of TBP solution ad equilibrate the solutions. Allow the layer to
separate and transfer te aqueous lyer to 50ml volumetric flask containing 30m of
distilled water. Use a minimum volume of IN HN03 wash solution to ensure
quantitative transfer of the aqueous layer to the 50ml flask. Pipette 10ml of NaCl-
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glycerin solution into the 5i-nl flask and dilute to volume with water. Add 0.5g of
BaCl, stopper te flask, and inverse te solution 20 times to dissolve the BaCl2 Slfate
is determined tUrbidirnetrically using a spectrophotometer a 420nm. Sulfate ion could
also be indirectly determined as Ba 2' by atoi-nic absorption spectrometry (AAS) after
dissolving BaSO pecipitate in EDTA.

The test method by turbidii-netry covered the determination of 02 �tg/gU and
gave the best esults when S4 2- concentration was in the range of I to 40 �tg/ml. The
average detection limit was of MS04 2-/i-nl.

8. Determination of free acid

The free acid in uranyl nitrate was directly titrated against a standard sodium
hydroxide solution sng phenolphthalein as indicator after separation of te age
amount of uranium by complexing it with potassium ferrocyanide solution (a) or with
fluoride (b).

a) Pipette out 25ml of the sample solution into 50rnl volurnetric flask and
make up to volume with water. Pipette 10ml of the made up solution in to a
100ml centrifuging tube. Add 10ml of potassium ferrocyanide 4 and
10ml potassium nitrate saturated, stir well and centrifuge for rnin. Decant
the supernatant liquid into a 250rnl conical flask. Add 10ml potassium nitrate
solution to te centrifuge tube, stir well and centrifuge. Collect the
supernatant liquid into the sarne conical flask and repeat te operation once
more. Titrate te combined solution collected in te conical flask against
standard sodiurn ydroxide using phenolphthalein as indicator,

b) Pipette 25ml of the sample solution into 5Ornl volumetfic flask and make up
to volurne with water. Pipette 10ml of this solution into a conical flask. Add
about 70ml sodium fluoride solution 3%) and few drops of phenolphthalein,
the interference of uraniurn was eliminated by complexing it with sodium
fluoride. Titrate the solution against standard sodium ydroxide till the
appearance of pink color.

This method covers the determination of the fee acid content in uranyl nitrate
solutions that may contain LIP to molar acid per I litter of solution.

9. Determination of tributyl phosphat (TBP) in kerosene solution

TBP i kerosene was indirectly determined by the titration of HNO., equivalent
amount, wich formed te TBP.nHNO, complex that was extracted in to organic
solvent. Frorn titrated HNO., concentration, te TBP equivalent was calculated.

Transfer 50inl of the sample to a 150ml separating funnel. Add 50ml sodium
carbonate solution, sake well for about 2 inutes ad allow te phases to separate.
Discard te aqueous and wash te organic pase with about 50ml of water and again
discard te aqueous. Transfer about 30mi of the organic phase to another 100ml
separatory funnel. Add about 30ml of M nitric acid and shake for 2 min and allow the
phases to separate. Discard te aqueous and repeat the equilibration with nitric acid two
more times and discarding the aueou pase each tirne. Transfer te organic layer to a
dry glass tube and centrifuge for 10 min. Pipette out 5ml of the organic solution into a
250rnl Erlenmeyer flask. Add about 50ml of water. Shake well. Add 4 drops of
phenolphthalein solution and fitrate against the standard alkali till the solution turns
pink.
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Deteri-nine te TBP content of te sarnple by referring to a calibration curve
obtained by tking standard solution of TBP in kerosene, in tile ange of 20 60% TBP.
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