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SUMMARY 

Electrochemical destruction of nitrate in radioactive Savannah River Site waste has been 
demonstrated in a bench-scale flow cell reactor. Greater than 99% of the nitrate can be 
destroyed in either an undivided or a divided cell reactor. The rate of destruction and the 
overall power consumption is dependent on the cell configuration and electrode materials. 
The fastest rate was observed using an undivided cell equipped with a nickel cathode and 
nickel anode. The use of platinized titanium anode increased the energy requirement and 
costs compared to a nickel anode in both the undivided and divided cell configurations. 

INTRODUCTION 

Production of nuclear materials within the Department of Energy complex has produced large 
volumes of high-level waste containing hazardous species such as nitrate, nitrite, chromium, and 
mercury. Processes being developed for the permanent disposal of these wastes are aimed at. 
separating the bulk of the radioactivity, primarily 137cesium and 90strontium, into a small volume 
for incorporation into a vitrified wasteform, with the remainder being incorporated into a low-level 
wasteform. Performance assessments of the low-level wasteforms indicate that major contributors 
to environmental release and personnel exposure risks include nitrate, nitrite, "technetium and 
106ruthenium. 

Electrochemical treatment is one possible technology for the destruction of nitrate and nitrite as 
well as the removal of radionuclides and hazardous metals from the waste solutions. In the 
electrochemical reactor, nitrate and nitrite are reduced to nitrogen-containing gases: nitrous oxide, 
nitrogen and ammonia. Half-cell reactions are shown below. 

N0 3 - + H 2 0 + 2e- = N0 2 "+ 20H- (1) 
2N0 2 - + 3H 2 0 +4e- = N 2 0 + 60H- (2) 
2N0 2 - + 4H 2 0 +6e- = N 2 + 80H- (3) 
N0 2 - + 5H 2 0 +6e- = NH 3 + 70H- (4) 

These gases have very low solubility in the alkaline salt solution and are released into the vapor 
phase, thus separating from the solution. In an undivided cell, the corresponding anode reaction is 
the oxidation of hydroxide to oxygen and water. 

40H- = 0 2 + 2H 20 + 4e- (5) 

The net electrochemical reduction of nitrate or nitrite would then produce one equivalent of 
hydroxide per nitrate or nitrite reduced. Note that there are no additional chemicals added to the 
waste as a result of the electrochemical treatment. 

Previous studies have demonstrated the electrochemical destruction of nitrate and nitrite 
in bench-scale flow cell reactors with simulated waste solutions [1-4] and in an unstirred 
batch cell with Savannah River Site (SRS) decontaminated salt solution [5]. This report 
summarizes the results of bench-scale tests carried out in a flow cell reactor with a low-
level radioactive waste produced in the Effluent Treatment Facility (ETF) at the SRS. 
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EXPERIMENTAL 

A 10 gallon sample of the strongly alkaline radioactive waste was obtained from die ETF 
and used for all of the tests. The liquid phase composition of the slurry is shown in Table 
I. Major components included nitrate, hydroxide and sodium. The carbonate and nitrite 
concentrations in this waste are low compared to high-level liquid wastes since this waste 
has not been stored for the extended period time that allows the absorption of 
atmospheric carbon dioxide and the radiolytic conversion of nitrate to nitrite. The sample 
contained 0.5 wt % undissolved solids. Using X-ray fluorescence spectroscopy, the 
solids were determined to be comprised of strontium, uranium, zinc, iron, nickel, barium, 
platinum, and bromine. X-ray diffraction patterns identified the following crystalline 
phases: sodium nitrate, sodium calcium carbonate, and sodium aluminum nitrate silicate 
hydrate. 

Table I. Composition and Properties of the Effluent Treatment Facility 
Concentrate 

Species or Property Concentration 
Nitrate 3.57 ± 0.10 M 
Nitrite <2.17xlO- 2 M 
Sulfate 2.57 ± 0.078 xlO" 2 M 
Phosphate 9.10±0.12xlO- 4 M 
Oxalate 9.67 ± 0.14 xlO- 3 M 
Fluoride 2.89 ± 0.19 x l O ^ M 
Chloride 4.15 +0.25 xlO- 2 M 
Hydroxide 1.41 ± 0.16 M 
Aluminate 9.70 ± 1.7 xlO" 2 M 
Carbonate 1.43 ± 0.69 xlO" 2 M 
Sodium 5.19 ± 0.054 M 
Silicon 1.35 ±0.068 x l 0 3 M 
Zinc 1.17 ± 0.010 x l 0 - 3 M 
Cs-137 1.37 ± 0 . 2 3 x l 0 - 3 mCi/L 
Density 1.20 ± 0.015 g/mL 

* average and standard deviation of three samples taken from the 
top, middle, and bottom of sample bottle. 

The electrochemical destruction tests were carried out in a laboratory-scale flow reactor, 
the FM01-LC, manufactured by ICI (Great Britain). This electrochemical cell has a 
working electrode surface area of 0.0064 m2. The test equipment included the 
electrochemical reactor, two rotameters (PVDF shell with EPPM sealing O-rings, two 
March model #TE-MDK-MT3 centrifugal pumps (PVDF-lined), one 2.5 L glass 
reservoir for catholyte solution, and one Nalgene® 10 L carboy for the anolyte reservoir. 
Electrical power was supplied by a Hewlett-Packard Model # 6011-A dc power supply. 
Each reservoir was equipped with a glass condenser. A schematic diagram of the test 
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equipment is provided in Figure 1. A photograph of the experimental equipment is 
shown in Figure 2. 

All of the tests were carried out under galvanostatic (i.e., constant current) control. 
During the later stages of some of the tests, when a significant fraction of the nitrate has 
been destroyed, the current density was decreased to maintain the same power supply 
voltage (see Table II). The catholyte temperatures were not controlled; the solution 
heated to between 33 and 53° C (see Table II). Typically, the temperature reached 
steady-state conditions within two hours of the start of each test. Flowrates, 
temperatures, voltage, and current were monitored on a periodic basis. 

Catholyte and anolyte samples were taken periodically during each test. Ion 
chromatographic and inductively-coupled plasma emission spectroscopic methods were 
utilized to determine chemical composition of each sample. Over the course of a test, the 
catholyte flowrate generally decreased by about 20%. The anolyte flowrate was. 
decreased to maintain the same flowrate as the catholyte. 

For tests conducted in an undivided cell configuration the anolyte reservoir, pump and 
rotameter were isolated from the system and not used. The catholyte reservoir was 
continuously purged with argon at a flowrate of 0.050 L/min to dilute flammable gases 
below the lower flammable limit. Divided cell tests were conducted by placing a piece of 
Nafion® Type 350 membrane between the two electrodes. The membrane was held in 
place by compression between two gaskets. No turbulence promoters were installed in 
tests ED-11, ED-12, and ED-13, or the undivided cell tests, ED-19 through Ed-23, but 
were installed in tests ED-14, ED-15, ED-17, and ED-18. 

Figure 1. Schematic Diagram of the Radioactive Bench-Scale Test Equipment 
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Figure 2. Photograph of the Radioactive Bench-Scale Testing Equipment 
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RESULTS AND DISCUSSION 

A total of thirteen tests were carried out with the ETF concentrate. Seven of the tests 
were carried out in a divided configuration and six of the tests were carried out in 
undivided configuration. Cathode materials tested included nickel, Type 316 stainless 
steel, and lead. Anode materials tested included nickel and platinized-titanium. Current 
densities ranged from 2500 to 5000 amp/m2. Table II provides a summary of the test 
conditions for each of the tests. 

Divided Cell Tests 
Tests ED-11, ED-12, and ED-13 were consecutive experiments in which fresh ETF 
concentrate and 5M NaOH solution was added to the test equipment after draining the 
solutions at the conclusion of the previous test. The objective of the consecutive tests 
was to demonstrate the reproducibility of the nitrate destruction. In tests ED-11 and ED-
12, the power supply current was decreased during the later stages of each test due to an 
increase in the voltage as a result of the depletion of nitrate and nitrite. After 16 hours of 
electrolysis in ED-13, the test was stopped when erratic voltage spikes occurred. All of 
the test solution was drained from the equipment, and the cell disassembled and 
inspected. 

The cathode had a black film on the working area of the electrode that was not easily 
removed by wiping. The membrane had been pushed against the anode. Black solids 
surrounded with a green film were deposited in the Nafion® membrane. Small pits were 
observed on the anode opposite of where the black solids were found in the membrane. 
The inlet and oudet manifolds for the catholyte and anolyte showed no signs of attack or 
accumulation of solids. 

Apparently, during the third test, ED-13, the membrane was pushed against the anode. 
The cause of the membrane being pushed against the anode is unknown. It is believed 
that the membrane was not completely taut when the cell was assembled and as a result of 
a higher pressure on the catholyte side of membrane, the membrane was pushed onto the 
anode. Note that turbulence promoters, which would have prevented the membrane from 
contacting the anode, were not used in these tests to reduce the possibility of solids 
accumulation. 

In those areas where the membrane contacted the membrane, localized changes in the pH 
occurred, resulting in a sufficiently low pH that attack of the nickel occurred as evidenced 
by the pitting. The nickel precipitated as the pale green nickel hydroxide. Some of the 
nickel migrated into and across the membrane and was reduced to the black solid, nickel. 
For all other tests, turbulence promoters were installed on both sides of the membrane. 
No evidence of attack of any of the electrodes was observed with turbulence promoters 
installed. 
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Table n . Summary of Radioactive Testing Conditions 

Test# Confip.a Cathode Anode 

Catholyte 
Flowrateb 

(gpm) 
Voltage0 

(V) 

Current 
Density 
(A/m2) 

Catholyte 
Temp. (°C) 

ED-11 divided •Ni Ni 1.1-1.3 
1.0 

5.0-5.7 
5.1 

5000 
3940 

39-43 
39 

ED-12 divided Ni Ni 1.1-1.2 4.6-5.1 5000 36-42 
1.1-1.2 4.6-4.7 4060 36-38 

ED-13 divided Ni Ni 1.1-1.2 4.6-5.0 5000 35-39 
ED-14 divided Ni Ni 1.2-1.3 

1.2 
1.1 
1.1 

4.6-5.0 
4.7-4.8 
4.6-5.0 
4.7 

3500 
3120 
2810 
2500 

35-40 
35-36 
34-36 
34-35 

ED-15 divided Ni Pt-Tid 0.9-1.0 
0.9-1.0 
1.0 
1.0 

6.0-6.1 
5.9-6.0 
5.9-6.0 
5.0-6.0 

3500 
3050 
2730 
2500 

34-39 
39 
37-38 
37 

ED-17 divided 316 SS e Pt-Tid 0.9-1.0 
0.9 
0.8 

5.7-6.0 
5.8-6.0 
5.9-6.0 

3500 
3170 
2890 

35-37 
37 
36 

0.8 5.9 2660 35 
ED-18 divided 316 SS e Ni 0.7-0.9 

0.7 
0.7 
0.7 

4.9-5.0 
4.9-5.0 
5.0 
4.9-5.0 

3500 
3310 
3140 
2940 

34-37 
37 
37 
37 

0.7 4.9-5.0 2700 37 
ED-19 undivided Ni Ni 1.3-1.4 3.3-3.7 5000 33-44 
ED-20 undivided Ni Pt-Tid 1.3-1.4 4.6-4.7 5000 44-49 
ED-21 undivided 316 SS e Ni 1.3-1.4 3.3-3.5 5000 38-45 
ED-22 undivided 316 SS e Pt-Tid 1.3-1.4 4.6-4.7 5000 44-53 
ED-23 undivided Pb Ni 1.3-1.4 3.4-3.7 5000 39-45 
ED-24 undivided Pb Pt-Tid 1.3-1.4 4.6-4.8 5000 44-51 

a Nafion® Type 350 membrane used as separator. In divided cell tests, 5 M NaOH 
solution was used as the anolyte and the ETF concentrate as the catholyte. 

b Flowrate range during interval of operation at the same current density. 
c Voltage of dc power supply and includes voltage during time solution is heating up during 

the first 1-2 hours of the test. 
d Platinized titanium electrode manufactured by ICI (Meteote ESI) 
e Type 316 Stainless Steel 



WSRC-TR-95-0176 page - 9 April 26,1995 

Figure 3 shows a plot of the nitrate and nitrite concentration versus charge passed for 
tests ED-11, ED-12, and ED-13. The nitrate concentration steadily decreased with 
increasing charge passed through the cell. The nitrite concentration increased to about 
0.15 molar, and then decreased with continued cell operation and charge passed. Based 
on the net change in moles of nitrate and nitrite and the total charge passed for each test, 
the rate of destruction was determined to be 1.5 x 10*6,1.5 x 10"6, and 1.6 x 10"6 

moles/coulomb for tests ED-11, ED-12, and ED-13, respectively. Until, the attack of the 
anode occurred during the third test, the electrochemical destruction of nitrate in the ETF 
concentrated was very reproducible in the FM01-LC flow reactor. 

Figure 3. Nitrate and Nitrite Concentrations Versus Total Charge 
for Tests ED-11, ED-12, and ED-13 
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The total amount of nitrate and nitrite destroyed in tests ED-11, ED-12, and ED-13 
ranged from 93.9% to 77.8% (mole basis). The difference in nitrate and nitrite destroyed 
was due to the length of the test (total charge passed). The hydroxide concentration in the 
catholyte ranged from 10.4 M to 9.6 M. There was a net increase in the catholyte volume 
during each test. The anolyte volume and hydroxide concentration decreased 
significantly during each test. Anolyte and catholyte volumes and component 
concentrations for each are summarized in Table in. 
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Table HI. Catholyte and Anolyte Volumes and Major Component Concentrations 
for Tests # ED-11, ED-12, and Ed-13 

Test# ED-11 ED-12 ED-13 
Total Run Time (hr) 
Total Charge Passed (coulombs) 

21 
2.30 x 106 

19 
2.19 x l O 6 

16 
1.73 x 106 

Initial Catholyte Volume (L) 
Final Catholyte Volume (L) 

1.2 
1.4 

1.3 
1.6 

1.2 
1.6 

Initial Catholyte [N0 3

_ ] (M) 
Final Catholyte [N0 3"] (M) 

3.06 
0.09 

2.98 
0.29 

3.12 
0.45 

Initial Catholyte [N0 2"] (M) 
Final Catholyte [N0 2"] (M) 

0.013 
0.077 

0.010 
0.099 

0.010 
0.11 

Initial Catholyte [OH"] (M) 
Final Catholyte [OH"] (M) 

2.4 
10.4 

2.7 
9.9 

2.4 
9.6 

Initial Anolyte Volume (L) 
Final Anolyte Volume (L) 

4.6 
2.8 

4.1 
2.8 

4.3 
3.5 

Initial Anolyte [OH'] (M) 
Final Anolyte [OH-] (M) 

4.7 
2.4 

4.8 
3.0 

5.1 
3.4 

Test ED-14 was similar to the previous tests with the exceptions of (1) the addition of 
turbulence promoters, (2) the nickel anode was reversed to expose an unattacked surface, 
and (3) the initial current density was reduced to 3500 amps/m2. This test was carried 
out for a total of 56 hours during which 99.9% of the nitrogen originally present as nitrate 
and nitrite was removed from solution. Tests ED-15, ED-17, and ED-18 were similar to 
ED-14 except that different cathode and anode materials were utilized (see Table II for 
conditions). Table IV provides a summary of the catholyte and anolyte volumes and 
major component concentrations for these tests. 

The cell voltage in the divided cell tests was independent of cathode material, but was 
dependent on the anode material. The voltage was about 1.0 volts higher when platinized 
titanium was used than when nickel was used. Thus, at a current density of 3500 
amps/m2, the electrical power requirement for a reactor equipped with platinized titanium 
anodes would consume about 20% more power than one equipped with nickel anodes. 
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Table TV. Catholyte and Anolyte Volumes and Major Component Concentrations 
for Tests # ED-14, ED-15, ED-17, and ED-18 

Test# ED-14 ED-15 ED-17 ED-18 
Total Run Time (hrs) 
Total Charge Passed (coulombs) 

56.75 
4.02xl0 6 

47.75 
3.30xl0 6 

24 
2.03xl0 6 

24 
1.80xl06 

Initial Catholyte Volume (L) 
Final Catholyte Volume (L) 

0.75 
1.90 

0.75 
1.5 

0.75 
1.25 

0.75 
1.25 

Initial Catholyte [ N 0 3 1 (M) 
Final Catholyte [N0 3 ' ] (M) 

3.39 
0.0012 

3.45 
0.011 

3.43 
0.099 

3.54 
0.21 

Initial Catholyte [N0 2

_ ] (M) 
Final Catholyte [N0 2-] (M) 

0.0048 
0.0004 

0.022 
0.0096 

0.022 
0.030 

0.011 
0.10 

Initial Catholyte [OH"] (M) 
Final Catholyte [OH'] (M) 

1.55 
12.4 

1.53 
13.4 

1.30 
11.9 

1.59 
11.4 

Initial Anolyte Volume (L) 
Final Anolyte Volume (L) 

8.0 
5.4 

8.0 
5.9 

3.5 
2.0 

3.7 
2.5 

Initial Anolyte [OH-] (M) 
Final Anolyte [OH"] (M) 

5.06 
2.56 

5.24 
3.69 

5.39 
2.51 

5.13 
2.44 

The total moles of nitrate and nitrite were plotted versus the total charge passed for tests 
ED-14, ED-15, ED-17, and ED-18 (see Figure 4). During the first 2 x 10 6 coulombs of 
charge, about 90% of the nitrate and nitrite is destroyed. From a linear regression of the 
data over this period, the rate of nitrate and nitrite destruction for each of the four tests 
was determined. The results are provided in Table V. In the divided cell configuration, 
there was no significant change in the rate of nitrate destruction among the four 
combinations of electrode materials. The destruction rates in the divided cell tests with 
turbulence promoters were about 30% lower than those without turbulence promoters 
(ED-11, ED-12, and ED-13). The decrease in the destruction rate is believed to be due to 
decreased mass transport resulting from the generally lower flowrate (see Table II). 

Table V. Rate of Nitrate & Nitrite Destruction in Divided Cell Tests 

Current3 

Test# ; k (mple/C) Efficiency (%) 
ED-14 1.17 x 10-6 57 
ED-15 1.09 xlO" 6 53 
ED-17 1.20 xlO" 6 58 
ED-18 1.15 x 10-6 56 

calculated assuming nitrogen is only nitrate/nitrite 
reduction product (2.07 x 10"6 mole/coulomb) 
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The nitrate destruction rates observed with the SRS waste are greater than those measured 
in simulants of concentrated salt solutions [1,2]. It is possible that the higher rates and 
the lack of variation in rate with different electrode materials in these tests reflect the low 
chromium (VI) concentration in the ETF concentrate sample. Laboratory tests have 
indicated that chromium(VI) is reduced and forms Cr(III) hydroxide films on the 
electrode surface that interfere with nitrate and nitrite reduction [2,7,8]. 

Inspection of the cell components after each test showed no evidence of attack of the 
electrodes, the ion-exchange membrane, or the other cell components. There was no 
accumulation of the undissolved solids in the cell that restricted the flow of solution. 
Surface films were observed on the electrodes in contact with solutions. A description of 
the appearance of the films is provided in Table VI. The black films strongly adhered to 
the cathodes and were not removed by rinsing with deionized, distilled water or detergent 
and water. The films were removed by briefly soaking and rinsing the cathode and anode 
in 2M nitric acid. 

Figure 4. Total Moles of Nitrate & Nitrite Versus Total Charge 
for Tests ED-14, ED-15, ED-17, and ED-18 
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Table VI. Appearance of Surface Films on Electrodes in Divided Cell Tests 

Test# Cathode/Anode Appearance 
ED-14 Ni/Ni black film on cathode and slight brownish tint 

on anode 

ED-15 Ni/Pt-Ti grayish film on cathode and slight brownish tint 
on anode 

ED-17 SS/Ni black film on cathode and slight brownish tint 
on anode 

ED-18 SS/Pt-Ti black film on cathode and faint brownish tint on 
anode 

During electrolysis, hydroxide is one of the products of the reduction of nitrate. The final 
hydroxide concentration in the catholyte was quite high in the divided cell tests, ranging 
from 11.4 M to 13.9 M (see Table IV). Figure 5 shows a plot a the moles of hydroxide in 
the catholyte versus the total charge passed in tests ED-14 through ED-18. Over the 
course of the four tests, there appeared to be a small decrease in the moles of hydroxide 
produced per coulomb of charge passed. This decrease may not be a true decrease in the 
rate of hydroxide production since the nitrate destruction rates were very similar, but 
reflects an increase in the migration of hydroxide from the catholyte into the anolyte. 

A small amount of nitrate and nitrite was detected in the anolyte in the divided cell tests. 
Nitrate and nitrite will diffuse through the membrane toward the positively charged anode 
countercurrent to the flow of sodium ion. Diffusion coefficients were calculated for Tests 
ED-14 through ED-18. The results are provided in Table VH. 

Diffusion coefficients for nitrate and nitrite in Nafion® membranes have not been 
reported in the literature. However, the diffusion of halides (e.g., chloride and iodide) 
and sulfate has been studied. Diffusion coefficients for chloride, iodide, and sulfate were 
determined to be 1.5,1.0, and 4.5 x 10"12m2/s, respectively, in 3.0 M NaCl solution [6], 
The rates reported in Table VII appear reasonable for nitrate and nitrite when compared 
to those for chloride, iodide, and sulfate. There was no apparent change in the diffusion 
coefficient over the course of these four tests, although the same piece of membrane was 
used for each test. Thus, no chemical change in the Nafion® Type 350 membrane 
resulting in a change in the diffusion of nitrate and nitrite occurred during the 152.5 hours 
of usage. 
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Figure 5. Moles of Hydroxide in Catholyte Versus Total Charge 
(Tests ED-14, ED-15, ED-17, and ED-18) 
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Table VII. Diffusion Coefficients for Nitrate/Nitrate in Divided Cell Tests 

Test# _DJm2tsl 
ED-14 
ED-15 
ED-17 
ED-18 

2.4 x 10-12 

4.1 x 10-12 

6.8 x 10-12 

3.5 x 10-12 

To maintain charge balance in the divided cell tests, sodium ion is transported from the 
anolyte across the ion-exchange membrane into the catholyte. Figure 6 shows a plot of 
the moles of sodium ion in the anolyte and catholyte solutions versus the total charge for 
the divided cell tests, ED-14 through ED-18. In all four tests, the moles of sodium 
increased in the catholyte with a concomitant decrease in the anolyte. Note that in tests 
ED-17 and ED-18, the initial volume of the anolyte was about 3.6 L versus 8.0 L for tests 
ED-14 and ED-15. Because of the lower initial anolyte volume, the total moles of 
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sodium ion in the anolyte for the latter two tests was about 50% lower than that in the 
first two tests. 

Figure 6. Moles of Sodium in Catholyte and Anolyte Solutions Versus Total Charge 
for Tests ED-14, ED-15, ED-17, and ED-18 
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Undivided Cell Tests 
Figure 7 shows a plot of the total moles of nitrate and nitrite versus the total charge 
passed for the six tests carried out in an undivided cell configuration. Three cathode 
materials — nickel, Type 316 stainless steel, and lead ~ and two anode materials ~ nickel 
and platinized titanium — were tested. 

As in the case of the divided cell tests, the cell voltage in the undivided cell tests was 
independent of cathode material, but dependent on the anode material. When platinized 
titanium was used as the anode, the cell voltage was about 1.1 volts higher than when 
nickel was used. Thus, at a current density of 3500 amps/m2, the electrical power 
requirement for a reactor equipped with platinized titanium anodes would consume about 
30% more power than one equipped with nickel anodes. 

The undivided cell tests were carried out a higher current density (5000 amps/m2) than 
most of the divided cell tests (3500amps/m2). Thus, direct comparison of cell voltages is 
difficult. From results of the divided cell tests ED-11, ED-12, ED-13, and ED-14, the 
cell voltage at 5000 amps/m2 is not appreciably higher than that at 3500 amps/m2. 
Assuming this to be the case for undivided cell operation, the cell voltage for the 
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undivided tests ranged from 1.3 to 1.6 volts lower than the corresponding tests conducted 
with the Nation® separator. Thus, the use of the Nafion® separator will increase in the 
power consumption of the electrochemical reactor by about 30-47%. 

Figure 7. Total Moles of Nitrate and Nitrite Versus Total Charge 
for Tests ED-19 through ED-24 
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From a linear regression of the data, the rate of nitrate and nitrite destruction for 
each test was determined. The results are provided in Table VIII. More rapid nitrate 
destruction was observed in the tests utilizing a nickel anode versus those with a 
platinized titanium anode. This is consistent with test results recently reported by the 
Pacific Northwest Laboratory [9]. Apparendy the oxidation of nitrite is much more rapid 
on platinum than on nickel. As a result, less nitrate is reduced per quantity of charge 
passed. 

The rates of nitrate destruction using a lead cathode and nickel anode or a Type 316 
stainless steel cathode and nickel anode were similar to the rates observed in the divided 
cell tests and in previous tests [1,2]. The most rapid nitrate destruction rate was observed 
with a nickel cathode and nickel anode (ED-19). This result is somewhat surprising in 
view of previous results with nonradioactive simulants [1,2]. The higher destruction rate 
with the ETF waste is attributed to the low Cr(VI) content. As a result of the low Cr(VI) 
content, the formation of Cr(III) hydroxide films on the nickel cathode that interfere with 
nitrate and nitrite reduction reactions is reduced. Thus, there is more rapid nitrate 
destruction since there is no interference from Cr(III) hydroxide films. 
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Table VHI. Rate of Nitrate & Nitrite Destruction in Undivided Cell Tests 

Test# Cathode/Anode k (mole/O 
Current8 

Efficiencv (%) 
ED-19 Ni/Ni 1.98 x 10-6 96 
ED-20 Ni/Pt-Ti 5.30 xlO- 7 26 
ED-21 316 SS/Ni 1.34 xlO- 6 65 
ED-22 316SS/Pt-Ti 5.60 x 10-7 27 
ED-23 Pb/Ni 1.15 x 10-6 56 
ED-24 Pb/Pt-Ti 7.36 x 10-7 36 

a calculated assuming nitrogen is only nitrate/nitrite reduction 
product (2.07 x 10"6 mole/coulomb) 

No evidence for attack of cell components, including electrodes and gaskets, was 
observed in the undivided cell tests. Similar films were observed on the surfaces of the 
cathodes and anodes in the undivided cell tests as were observed in the divided cell tests. 
A strongly adhering black film was present on all the cathodes after each test. The films 
were not removed by rinsing with deionized, distilled water or detergent and water, but 
were removed by briefly soaking and rinsing theelectrodes in 2M nitric acid. A 
description of the appearance of the surface films are provided in Table IX. 

Table IX. Appearance of Surface Films on Electrodes in Undivided Cell Tests 

Test # Cathode/Anode Appearance ' 
black film on cathode and thin black film on anode 

black film on cathode and no visible coating on anode 

black film on cathode and slight brown tarnishing on 
anode 

black film on cathode and no visible coating on anode 

black film on cathode and no visible coating on anode 

black film on cathode and no visible coating on anode 

Energy Requirements and Electricity Costs 
The energy requirements and electricity costs for treating the ETF concentrate were 
calculated using the experimental results. Five cases were selected: (1) the fastest 
reaction rate (undivided cell with nickel cathode and nickel anode), (2) the average of the 
three undivided cell tests with a nickel anode, (3) the average of the three undivided cell 
tests with a platinized titanium anode, (4) the average of the two divided cell tests with a 
nickel anode, and (5) the average of the two divided cell tests with a platinized titanium 
anode. The results are shown in Table X. 

ED-19 Ni/Ni 

ED-20 Ni/Pt-Ti 

ED-21 316 SS/Ni 

ED-22 316 SS/Pt-Ti 

ED-23 Pb/Ni 

ED-24 Pb/Pt-Ti 
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Table X. Energy Requirements and Costs for the Electrochemical Denitration of the 
ETF Concentrate 

Case Description 
Energy3 

fkwh/U 
Costb 

(SfL) 
1 fastest rate (ED-19) 1.8 0.09 
2 average undivided cell with Ni anode 2.3 0.12 
3 average undivided cell with Pt-Ti anode 7.6 0.38. 
4 average divided cell with Ni anode 4.1 0.20 
5 average divided cell with Pt-Ti anode 5.1 0.26 

assume initial nitrate concentration equals 3.57 M 
assume electricity cost of $0.05 per kwhr 

The energy requirements and electricity costs for treating the ETF concentrate based on 
the experimental results varied by a factor of 4.2. The largest variation existed for the 
undivided cell configuration due to a combination of the variation in the destruction rates 
and the cell potentials. The variation for the divided cell configuration was about 24% 
largely due to the difference in the cell potential between the nickel and platinized 
titanium anodes. Clearly, the use of platinized titanium in either the undivided or divided 
cell configurations increases the energy and costs required to achieve nitrate destruction. 

CONCLUSIONS 

Electrochemical destruction of nitrate in actual SRS waste has been demonstrated in a 
bench-scale flow cell reactor. Greater than 99% of the nitrate can be destroyed in either 
an undivided or a divided cell reactor. The rate of destruction as well as the power 
requirements and costs are dependent on the cell configuration and electrode materials. 
The fastest destruction rate for combined nitrate and nitrite was observed with an 
undivided cell equipped with a nickel cathode and nickel anode. The use of a platinized 
titanium anode increased the energy requirement and costs compared to a nickel anode in 
both the undivided and divided cell configurations. 
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