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The Irradiated Materials Examination and Testing (IMET) Facility at 
Oak Ridge National Laboratory electropolishes various types of 
irradiated metal specimens prior to examination of metallurgical 
and mechanical properties. The standard electropolishing solution 
used at IMET for most specimens consists of a 7 : 1 methanol/sulfuric 
acid mixture, with smaller amounts of a 3 : l  methanol/nitric acid 
solution and a 10:6:1 methanol/2-butoxyethanol/perchloric acid 
solution also being used. Cobalt-60 is the primary source of gamma 
radiation in the spent solutions, with lesser amounts from 
manganese-54 and iron-59. A treatment method is needed to remove 
most of the Co-60 from these solutions to allow the waste solutions 
to be contact-handled for disposal. 

A wide range of adsorbents was tested for removing cobalt from 
the electropolishing solutions. No adsorbent was found that would 
treat full strength solution, but a complexing ion exchange resin 
(Chelex 100, BioRad Labs, or Amberlite IRC-718, Rohm and Haas Co.) 
will remove cobalt and other heavy metals from partially 
neutralized (pH=3) solution. A 5 wt% sodium hydroxide solution is 
used for p H  adjustment, since more concentrated caustic caused 
sodium sulfate precipitates to form. Lab-scale column tests have 
shown that about 10 bed volumes of methanol/sulfuric acid solution, 
30 bed volumes of methanol/nitric acid solution or 15 bed volumes 
of methanol/2-butoxyethanol/perchloric acid solution can be treated 
prior to initial Co-60 breakthrough. 



INTRODUCTION 

The Irradiated Materials Examination and Testing (IMET) Facility at 
ORNL electropolishes various types of irradiated metal specimens 
prior to examination of metallurgical and mechanical properties. 
The electropolishing operation is performed inside a glovebox in 
campaigns that on the average require the disposal of approximately 
1 liter of solution per month. The standard electropolishing 
solution used at IMET for most specimens consists of a 7:l 
methanol/sulfuric acid mixture. Each specimen is approximately 3 
mm in diameter and weighs about 14 milligrams. Approximately half 
of the specimen ( 7  mg) is dissolved into the solution during the 
electropolishing operation. Typically 5 to 25 specimens are 
polished in the same solution. Some non-radioactive specimens may 
also be processed for test purposes. The limiting factor on the 
number of specimens processed is generally the radiation level of 
the solution. These radionuclides are produced primarily by 
neutron activation of stable cobalt, nickel, iron and chromium 
contained in the specimens. 

Metals that are electropolished, or may be handled in the future 
include: various stainless steel alloys, copper, aluminum, nickel, 
ferritic and martensitic development alloys, vanadium, chromium, 
and titanium . Currently approximately 8 0 %  of the specimens 
processed are stainless steel and about 5% are copper; however, in 
the future more vanadium, chromium and titanium alloy metals are 
expected to be processed. Some of these metals will require.the 
use of a 3:l mixture of methanol/nitric acid, or possibly a 
solution of 10:6:1 methanol/2-butoxyethanol/perchloric acid for 
electropolishing. 

The waste electropolishing solution from the IMET, along with other 
waste solutions from the hot cells in Bldg 30253, is currently 
discharged to the ORNL liquid low-level waste (LLLW) system via a 
singly-contained underground pipeline. A Federal Facilities 
Agreement between the Department of Energy and the Environmental 
Protection Agency requires that these lines be tested periodically 
to verify their integrity. Various options have been examined for 
collecting and transporting LLLW from Bldg 30253 to the central 
LLLW system in the event that the lines fail to pass a leak test. 
The current plan is to collect the LLLW in drums located in the 
basement of Bldg 30253. The filled drums, inside an overpack, 
would be transported by truck to an existing unloading station. 
Treatment to remove most of the radionuclides from the 
electropolishing solution is required prior to discharge to the 
drums in order to keep the radiation dose at the surface of the 
drums below the limit of 200 mR/h. 



BACKGROUND INFORMATION 

In 1993 a study was initiated to identify ion exchange resins that 
might be used for cobalt removal from both the methanol/sulfuric 
acid and the methanol/nitric acid electropolishing solutions used 
in the IMET facility. An overall objective was to achieve at least 
a 90% cobalt removal. In the study thirteen adsorbents and ion 
exchange resins were identified through a literature survey as 
having potential for cobalt removal from aqueous waste streams. 
These sorbents were tested in non-radioactive, simulated 
electropolishing solutions containing stable cobalt. Atomic 
Absorption (AA) was used to measure the cobalt concentrations. Of 
the resins tested only Chelex-100 (Bio-Rad Laboratories, Richmond, 
CA) was determined to be suitable for removing and retaining cobalt 
from the simulated electropolishing solutions. 

Chelex-100 is a styrene divinylbenzene copolymer which contains 
chelating groups for binding divalent metals’. Chelex 100 is an 
analytical grade resin that costs $162 /500  g. A chemically 
identical production grade resin (Amberlite IRC-718, Rohm and Haas 
Company, Philadelphia, Pa) is available for about $ 1 0 / 5 0 0  g. Both 
resins have a selectivity of approximately 5,000 to 1 for divalent 
over monovalent ions. The selectivity of the resin in a particular 
system is dependent on pH. For aqueous solutions at a pH of 4 the 
manufacturers literature’ indicates that the selectivity for 
various ions is: 

While the selectivity in aqueous solutions is not necessarily 
typical for the aqueous/organic mixture in the p H  adjusted 
electropolishing solution, the relative selectivity indicates that 
some of the other divalent metals in the electropolishing solution 
will also be removed along with cobalt. While this will reduce the 
capacity of the resin for cobalt removal, it is not expected to be 
a problem because of the small quantities involved. In fact the 
removal of other radioactive elements will be beneficial. 

The studies showed that adjusting the pH of the electropolishing 
solution was necessary for cobalt removal to be effective using 
Chelex-100. Cobalt removal was determined to be effective when the 
pH was above 3.0. A 5 wt% sodium hydroxide solution was selected 
for pH adjustment since a more concentrated sodium hydroxide 
solution caused sodium sulfate to precipitate during some of the 
initial batch tests. The use of 5 wt% sodium hydroxide was 
generally successful in preventing precipitation in the 
methanol/sulfuric acid solutions; however, precipitates were 
observed after pH adjustment of some of the methanol/nitric acid 
solutions. Operation at a pH of 3 was recommended to minimize the 
amount of sodium hydroxide used. 



EXPERIMENTAL RESULTS 

A solution of 7:l methanol/sulfuric acid, which is the most 
commonly used solution for the electropolishing operations done in 
IMET, was used for the first lab-scale column tests. The 
electropolishing solution was used at IMET to polish 22 specimens 
(12 irradiated specimens and 10 non-irradiated) which is near the 
maximum number that is processed per batch. The specimens were 
primarily copper, nickel and stainless steel. An Inductively 
Coupled Plasma (ICP) analysis and radiological analysis of the 
solution is given in Table 1. 

For the initial studies, a non-radioactive electropolishing 
solution (7: 1 methanol/sulfuric acid) was prepared by 
electropolishing approximately the same number and type of cold 
specimens as was processed in the radioactive solution. The cold 
electropolishing solution was then adjusted to a pH of 3 with 5 wt% 
sodium hydroxide solution, 1.6 L of NaOH per 1 liter of 
electropolishing solution, producing a total of 2.6 liters of 
solution. After pH adjustment the solution was spiked with 9 ml of 
solution from the radioactive electropolishing solution to provide 
a tracer for ion exchange tests. ICP and radiological analysis of 
the solution after pH adjustment is given in Table 2. The ICP 
analysis indicates that after correction for the 2.6:l dilution for 
pH adjustment the solution prepared from cold specimens contained 
approximately the same amount of the major metals as the 
radioactive solution. 

Lab-Scale Column Tests 

The spiked solution was treated using a l-cm I.D. column containing 
6.6 g (10 mL) of Chelex 100 (sodium form, as received from the 
manufacturer). The electropolishing solution flowed through the 
column at a rate of 1.2 mL/min (7.2 bed volumes/hr) . Samples of 
the column effluent were collected and analyzed for 6oCo. The 
breakthrough curve is shown in Figure 1. The next test used a 2.5 
cm I.D. column loaded with 50.0 grams (87 mL) of Chelex-100 resin. 
The electropolishing solution was pumped from the bottom of the 
column at a flow rate of 15 ml/min (12.4 bed volumes/hr). The 
cobalt-60 breakthrough curve is shown in Figure 1. Initial cobalt 
breakthrough occurred after 870 mL (10 bed volumes) and 50% 
breakthrough occurred at about 1150 mL (13 bed volumes). 
Fractional breakthrough above 1.0, which occurred after 1480 mL (17 
bed volumes), indicates that the solution was stripping 6oCo from 
the resin. Information from the resin manufacturer indicates that 
hydrogen ions, present in the partially neutralized 
electropolishing solution, could displace 6oCo from the resin. 
Rinsing the column with deionized water at the end of the test also 
stripped some 6oCo from the resin. Later tests showed that resin 
columns that were loaded to 80% of their breakthrough capacity 
could be rinsed with water without any 6oCo being removed from the 
resin. 
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Table 1. ICP and Radiological Analysis of Solution Used 
to Electropolish Radioactive Specimens 

Metal Concentration Radionuclide Concentration 
ms/liter BU/L 

A1 
Ca 
Cr 
cu 
Fe 

Mn 
Ni 
Se 
Zn 

Hg 

2.33 
2.67 

4.17 

1.81 
1.27 

0.11 
1.58 

11.5 

67.7 

19.9 

3.335 k1.2E5 
8.337 +0.1E7 
1.5E7 k0.1E7 

G-Beta 3.938 +0.1E8 
G-Alpha 7.235 kl.OE5 

Total 113.04 

Table 2. ICP and Radiological Analysis of Spiked Electropolishing 
Solution (pH = 3 )  Used for Chelex-100 Ion Exchange Column Tests 

Metal Concentration Radionuclides Concentration 
mq / 1 iter B ~ / L  

A1 
As 
B 
Ca 
Cr 
cu 
Fe 

Mo 
Ni 
Sb 
Zn 

0.43 
2.4 
2.6 
4.6 
5.4 
2.9 
20.0 
0.31 
0.53 
0.67 
5.9 
0.5 
3.2 

6oco l.lE5 +0.1E5 
54Mn 1.9E4 k0.1E5 
G-Beta 5.1E6 k0.1E6 
G-Alpha 6.634 k3.734 

Total 49-44" 

a Correcting for the 2.6:l dilution, the amount in the original 
solution would have been 128.5 mg/liter. 



ICP analysis of effluent collected after 14 bed volumes (at 24% 6oCo 
breakthrough) showed that from 97 to 99% of copper, iron and nickel 
had been removed. A high percentage of chromium (94%), and zinc 
(92%) was also removed, along with significant amounts of aluminum 
(>27%) , calcium (50%) , magnesium (38%) , manganese (72%) , and 
molybdenum (>59%). Based on the ICP analysis, the metal loading on 
the bed was about 0.03 meq/g of resin. For both tests, the resin 
volume decreased as the resin was converted to the hydrogen form by 
the slightly acidic solution. 

The next two tests used 1 L of 3:l methanol/nitric acid 
electropolishing solution that was spiked with 9 mL of the 
radioactive methanol/sulfuric acid solution described in Table 1. 
Neutralization of 1 L of this electropolishing solution, to a pH of 
3.0, required 2.9 L of 5 wt% NaOH. In the first test 6 . 6  g of 
Chelex 100 was placed in a l-cm I.D. column, and the solution was 
processed through the column at a flowrate of 1.7 mL/min (11.5 bed 
volumes/hr) . The breakthrough curve for 6oCo is shown in Figure 2. 
In the next test, 16.3 mL/min (11.2 bed volumes/min) of the 
solution was pumped through a 2.5-cm I.D. column containing 50 g 
(87 mL) of Amberlite IRC-718 resin. All of the available solution 
(3.5 L) was processed through the column, and the final sample 
showed a 6oCo breakthrough of only 0.1% (see Figure 2 ) .  These 
results show that about 30 bed volumes of methanol/nitric acid 
solution can be processed before initial breakthrough of 6oCo, which 
is about three times more than for the methanol/sulfuric acid 
solution. The second column test also demonstrated that the 
Amberlite IRC-718 resin is at least as effective as the Chelex 100. 

One column test has been completed using 6 . 6  g of Chelex 100 to 
treat a solution of 10:6:1 methanol, 2-butoxyethanol and perchloric 
acid that had been used to electropolish nonradioactive metal 
specimens. The solution was spiked with radioactive 
electropolishing solution and neutralized to a pH of 3 . O  with 5 wt% 
NaOH (0.61 mL NaOH/mL solution). Initial breakthrough of Co-60 
occurred after the column had processed 102 mL (15 bed volumes) of 
solution (see Figure 3 ) .  

CONCLUSIONS 

The tests conducted to date show that it is feasible to treat the 
methanol/sulfuric, methanol/nitric, and methanol/2-butoxyethanol/ 
perchloric acid electropolishing solutions with Chelex 100 or 
Amberlite IRC-718 ion exchange resins. The solutions must be 
partially neutralized (to pH => 3) with sodium hydroxide for the 
resin to be effective. As currently envisioned, the used 
electropolishing solution would be treated using a disposable ion 
exchange column inside one of the gloveboxes in Bldg 30253, and the 
column would be disposed of after treating one batch of solution. 
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Figure 2. Treatment of MethanoVNitric Acid Solution 
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Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 


