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ABSTRACT

Spectroscopic methods were investigated for the determination of vanadium ions in agueous
solutions arising in the production of vanadium (II) formate and its use in the LOMI (Low
Oxidation-state Metal lon) process for the chemical decontamination of systems in nuclear
power plants.

In the LOMI process, a dilute solution of vanadous formate and picolinic acid is used. The
vanadous formate reduces metal oxides in the scale on the equipment, causing the scale to
break up and become suspended. The picolinic acid chelates these materials and makes
them soluble. During the decontamination the progress is followed by analyses of the metal
ions and of the radioactivity. When the values stop increasing, the decontamination is
terminated. At present, it cannot be determined if the values are no longer changing due
to all the scale being removed or due to the vanadous ion being spent.

Infrared and ultraviolet-visibie analysis were investigated as the means of analyzing for
vanadium species. It was found that the complex formed by V(II) with picolinic acid could
be used for colorimetric analysis for V(II) in the range of 0 - 0.011 moles/liter, which
encompasses the concentration range used in the LOMI process. The findings will be used
to develop an on-line instrument for continuously monitoring V(II) during decontamination.
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INTRODUCTION

Vanadium in the +2 oxidation state 1s a powerful reducing agent
which 1s used with a chelating agent in the Low Qxidation-state Metal Jon
(LOMI) method (Ref. 1, 2) for removing refractory metal oxide deposits from
the interior surfaces of stainless-steel equipment in nuclear power plants.
This process is one of several methods which are employed for decontami-
nation in boiling water and pressurized water plants. If those deposits are not
removed, the radiation field in the vicinity of the piping and associated pumps
rises, primarily because of the presence of Co-60. That adversely affects
permissible safe working times available to plant operating personnel.

Iz a LOMI cleanup, a dilute mixture of vanadous formate and formic
and picolinic acids is circulated in deionized water through the system which
15 to be cleaned The reducing agent and chelant, acting in concert, solubilize
deposited iron, nickel, cobalt, chromium, etc. At the completion of the
Cleaning process the dissolved metals are removed and concentrated for
disposal by means of an 10on exchange bed. During the course of a
decontamination it is necessary to monitor radioisotope concentrations and
the concentration of metal whick is solubilized. When these values no longer
increase, the decontamination is terminated. At present it cannot be
determined whether these values are no longer changing because scale
removal is complete or because of vanadous ion depletion. If the vandous ion
18 being spent before the scale is completely removed, perhaps the process
could be modified to make it more effective. It was the objective of the
research described herein 1o assess the feasibility of performing a
spectrometnic analysic for V(I1) which could be made on-line, continuous.
and automatic

Clark (Ref. 3) reviewed the older gravimetric, volumetric and
colorimetric methods for the determination of vanadium. In the titrametric
method which was used in the present work V(II) was titrated with aqueous
potassium permanganate solution (Ref. 4). Total vanadium was determined
by reduction of all vanadium present to V(II) by means of a Jones reductor.,
followed by permanganate titration (Ref. 5). The analysis is somewhat time-
consuming for concentrations in the range of 0 - 1 M, which 1s the range of
interest in the manufacture of vanadous formate. At concentrations in the
vicinity of 0.005 M, as used in the LOMI process, it is inadequate.
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II. Transmission Spectroscopy
A. Monitoring Production of V(II)

The transmission spectra of vanadium formate solutions in which the
metal was in the +2, +3, and +4 oxidation states showed dramatic differences.
A 0.217 M V(1) solution was a dark purple with 4__, = 565nm. A 0.22M
V(IIT) solution was green, with purple tints, while a 0.22 M V(IV) solution
was blue. The spectra which were obtained are shown in Figure 2. At
approximately 750 nm, a distinct pattern of changes in absorption could be
followed for the 3 species. The absorbance is too large for solutions in that
concentration range to be usable without dilution. Further investigation of
the use of the reflectance technique would be warranted if a suitable prism
were selected which might be free from the interference discussed in Section
[.B, above.

B. Monitoring V(I1) at LOMI Concentration

The spectra presented in Figure 3 show the absorbance of V(II) in a
1:2 molar ratio with picolinic acid for vanadium concentrations of 0.00111 to
0.0111 moles/fiter (1.11 - 11.1 mM) at 1 mm path length. The corresponding
numerical data are presented in Table 1, while the absorbance is graphed as a
function of concentration for a wavelength of 675 nm in Figure 4. The line
drawn through the origin shows the absorbance expected based on the upper
data points. The absorbance follows a linear dependence on concentration, in
accord with theory, except at low absorbance values,

Figure 5 shows the spectra resulting from a 9/1 molar ratio of picolinic
acid to V(II) at | mm path length. The already complex spectra which were
observed at a 3/1 Pic/V(II) ratio (Figure 3) have become broadened toward
longer wavelengths.

Changes in absorbance of 0.005 M V(1) as the picolinic acid ratio was
varic are shown in Figure 6. For this vanadium concentration, which is in
the LOMI process range, the average absorbance at 565-575 nm increases
ith increasing picolinic acid concentration until a 6/1 ratio is reached. The
inference is that the complex requires 6 picolinic acid molecules for each
vanadous ion. Other metal jons which may be present may also consume

“wn

NUREG/CK-6047



Absorbance

08

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Figure 2
Spectra of 0.2M Vanadium Formate Solutions

{1 mm Cell)

380
400
20

SI¥SEC33833333223%8

Wavelength, nm

Vanadium Oxidation State: A I1 B 111 C IV

6 NUREG/CR-6047

3
~



Absorbance

0.8

0.7

0.6

0.5

S
>

03

0.2

01

Figure 3
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Correlation coefficient 0 9993

Table 1

Absorbance of V(1I) Formate/Picolinic Acid
{1 3 V/Pic Ratio)

Absorbance Values at Indicated Wavelengths
625 nm

575 nm

Value

0.101
0.099
0093

0.281
0.283
0.282

0.817
0 822
0.821

1.058
1.064
1058

1.354
1.353
1.355

1.738
1.738
1737

Avg

0.098

0.282

0.820

1.060

1.354

1.737

Value

0082
0081
0.076

0.239
0.246
0.242

0.726
0.741
1732

0.959
0971
0959

1248
1.250
1.248

1.607
1618
1.609

Avg

0.080

0.242

0.963

1.248

1.611

0.9993

675 nm 725 min
Value Avg Value Avg
0.068 0.046
0.066 0.048
0.063 0 066 0045 0.046
0.206 0.152
0214 0.164
0.209 0.21¢ 0.167 0.158
0642 0.483
0.656 0.51
0.650 0.649 0.502 0499
0.858 0.658
0874 0 686
0.855 0 862 0.670 0671
1.128 0879
1.132 0.854
1130 1.130 ¢.887 0.887
1.461 1.151
1473 1.473

1463 1466 1.154 1.159
0 9993 0.9990
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picolinic acid, thereby depriving the vanadous complex to a degree dependent
on the relative dissociation constants of the complexes and on the relative
concentrations. As a consequence, it may be necessary to have present a large
excess of picolinic acid in order to perform the V(1I) analysis accurately.

Observation of the solution pH showed that it decreased as the
picolinic acid concentration was increased. (See Table 2 and Figure 7.) The
decrease in pH was accompanied by a shift in the wavelength of maximum
absorbance (Figure 8). These eflects, which require further investigation, will
have to be taken into consideration in designing an on-stream analyzer. It
may become necessary to both (1) provide an excess of picolinic acid and (2)
control the pH of the sample solution t¢ a constant value,

The potential for interference by iron and nickel was evaluated by
scparately examining 0.005 M Fe(1l), Fe(I1I), and Ni(Il) solutions with a 3/1
ratio of picolinic acid present. Their spectra are shown in Figure 9. The
maximum concentrations experienced in the LOMI work described in
Reference 1 may be calculated to be 0.009 M iron and 0.002 M nickel. The
spectra show for wavelengths above 550 nm, the interference will be
negligible

CONCLUSIONS AND RECOMMENDATIONS

This work shows that it 1s feasible to follow V(II) concentration in a
LOMI decontamination spectrophotometncally, The results show that it will
be feasible to develop a continuous monitoring instrument which can be used
on-line during LOMI decontaminations.

Al concentrations which are typical of LOMI decontaminations, iron
and mickel pose no interference to the V(1) analysis, except indirectly, by
reducing the concentration of picolinic acid available to form the V(1)
complex. Because the iron and nickel, as well as other metallic ions which
might be present, can consume picolinic acid, it may be necessary to add a
large excess of picolinic acid 1o the analytical sample. It may be necessary to
insure that the pH of the analyte 1s maintained at a constant value in order to
avoid affecting the V(IT) complex concentration.

12 NUREG/CR-6047
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Figure 7

pH of Vanadous Formate/Picolinic Acid Solutions
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Figure ¥

Wavelength Shifts Accompanying pH Changes
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