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CHEMICAL DECONTAMINATION OF METALS 

Jerry A. Partridge and Ronald E. Lerch 

INTRODUCTION 

A variety of cleaning solutions has been investigated for use in decon
taminating equipment used in the nuclear industry. These have included solu
tions of permanganate, oxalic acid, detergents, chelating agents and inhibited 
mineral· acids, as well as very corrosive materials such as sulfuric and hydro
chloric acids. All of these agent~ work to vari~us degrees and can be used 
to decontaminate equipment. Electropolishing in phosphoric acid electrolyte 
is also being investigated as a method to decontaminate equipment.(l) The 
electropolishing process is very effective as a decontamination technique 
since it dissolves a surface layer of the metal and thus removes the surface 
contamination. The electropolishing process has the disadvantage that it 
produces a large volume of salt waste. 

Corrosion of stainless·steel and other metals in nitric acid can be 
accelerated by the presence of certain inorganic redox systems (i.e., systems 
which contain elements in two or more oxidation states). For example, earlier 
work had shown that cerium(IV) ·in nitric acid effectively dissolves the outer 
surface of stainless steel objects. (2) Certain transition metal ions also . 
acceler~te the corrosion rate of ~tainless steel in nitric acid~ 

The Hanford Engineering Development Laboratory (HEDL) is conducting 
a program for the U.S. Department of Energy (DOE) to develop, evaluate, 

·and demonstrate a metal decontamination process which uses an inorganic 

reduction-oxidation (redox) system in nitric acid to chemically dissolve 

the metal surface layer. 
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The D~contamination Process 

The cerium(IV)-nitric acid system is being evaluated as a metal decon
tamination system ·in laboratory studies at HEDL. The decontamination process 
is depicted in the fi~st slide (Figure 1). Cerium(IV), a strong oxidizing 
agent, oxidizes the metal surface causing it to dissolve into the nitric acid 
solution. The reaction reduces cerium(IV) to cerium(III); the cerium(III) 
is oxidized back to cerium(IV) electrolytically at the anode. Cathode reac
tions can include formation of hydrogen as well as various reduction products 
of nitrate ion in the dilute nitric acid catholyte. (3) The catholyte and 
anolyte are separated by means of a membrane. 

Dissolution Of the m~tal surface releases the contam1ndt1urr. Battelle 
Pacific Northwest Laboratory (PNL) in their electropolishing work has shown 
that the amount of metal removed from the component surface to effect decon
tamination is usually less than 0.005 em (2 mils).(l) 

Dissolution Rates 

In the initial laboratory tests on the cerium(IV)-nitric acid system, 
the effects of various process parameters upon the dissolution rate of stain
less steel were investigated. The process parameters examined included cerium 
concentration, the cerium(IV) to total cerium ratio, nitric acid: concentration,. 
and temperature. Stainless steel washers were used as test specimens. The 
results showed that cerium(lv) conc~ntrat1on and temperature had th~ ldr·yest 
effect ori dissolution rate. 

The next slide {Figure 2) shows the effect of temperature on the dissolu
tion rate of stainless .steel. The dissolution rates were measured in terms 
of specimen weight loss and the corresponding average penetration depth was 
calculated assuming a constant surface area. In addition to showing the 
effect of temperature ~n the dissolution rate, these data show that p~rJetra
tipn rates of approximately 1.5 mls per hour can be achieved at 90°C. Thus, 
at that temperature, the time requirement would be approximately 1 1/2 hours 
for dissolution of 2 mils of the metal surface in 0.2 ~cerium( IV) solution. 

The next slide (Figure 3) shows the effect of cerium(IV) concentration 
on the stainless steel dissolution rate. Clearly, the rate is affected by 
the cerium(IV) concentration, there being an increase in dissolution rate 
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with an increase in.cerium(IV) concentration. For these conditions, ~ 0.005 em 

(2 mils) of penetration occurred in a little over one hour. 

The next slide (Figure 4) shows the results of dissolution rate tests at 
various nitric acid concentrations. The data show that nitric acid concentra
tion in the range of 2-13 ~has very little effect on the dissolution rate. 

Although the nitric acid concentration did not effect the dissolution 
rate, it did affect the roughness of the resulting metal surface. At lower 
nitric acid concentrations the final metal surface is smoother. This would 
be advantageous if it was desirable to reuse the metal piece following 
decontamination. 

Paint and Organic Film Removal 

Laboratory tests demonstrated that cerium(IV)-nitric acid solutions 
would also remove paint from stainless steel surfaces, thereby exposing 
the surface to further decontamination ptocessing. Thus, a painted piece 
of equipment could be decontaminated with a cerium(IV) solution without 
first going through a separate pre-treatment operation to remove the paint. 

Tests were performed usin9 two highly chemical-resistant paints 
(Amercoat~33® and Amercoat-52®) and an alkyd enamel paint. The results are 
shown in the next slide (Figure 5}. The tests were performed in 0.2 ~ cerium(IV)
nitric acid solutions. at 90°C. The time required for complete ~emoval of the 
paint from the stainless steel specimens varied from a few minutes up to almost 
4 hours at the lower nitric atid concentration. 

The rate of removal of the paint increased with increasing nitric acid 
concentration, although only removal of the Amercoat-33 was significantly im
proved in going above 7 ~in nitric acid concentration. Other tests demon
strated that the rate of paint removal also increased with increasing cerium(IV) 
concentration and temperature. 

Once the paint has been penetrated in a few places by the solution 
it is loosened from the metal surface and tends to come off as a film of 
paint. However,'the solution continues to dissolve the film as the or
ganic part of the paint is oxidized by the cerium(IV)-nitric acid solution. 
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The ability of cerium(IV)-nitric acid solutions to oxidize organics 
should also minimize the amount of pretreatment required fot removal of oil 
films and greases prior to decontamination of the piece of metal equipment. 

Decontamination of Stainless Steel 

Tests with plutonium contaminated stainless steel specimens have demon
strated the feasibility of. using a cerium(IV)-nitric acid solution to decon
taminate metal equipment. Alpha activity levels greater than 5 x 10s counts 
per minute (1 x 106 dpm/cm2 )* on stainless steel washers wP.rP- rPI11.JCPr1 to non .. 
detectable levels using approximately one-hour treatments in cerium(IV)-nitric 

acid solutions. 

The next slide (Figure 6) shows decontamination results at two cerium(IV) 
concentrations and two nitric acid concentrations. There are two important 
aspects of these results that should be noted. First, the alpha activities 
were successfully .reduced to nondetectable levels(< 1 count per minute), 
i.e., the curves extending to the bottom of the graph in Figure 6 (and suc
ceeding figures)· are to data points below the one count per minute level. 
Second, ~he fraction of the remaininq ~ontamination removed p~r unit time was 
large enough and sufficiently constant th~t the metal specimens were totally 
decontaminated in reasonable time periods. 

The next slide (Figure 7) shows the results from a test in which a plu
tonium contaminated washer was first treated with 2 ~nitric acid at 90°C (that 
is, with no cerium in the solution). The nitric acid had reduced the activ
ity level by only about one order of magnitude after 90 minutes and the 
rate of decrease in a'ctivity level was very low during the final 15 
minutes of treatment. the washer was then placed in a 0.1 ~ Ce(IV)-2 ~ 
HN0 3 solution and the activity level dropped 3 orders of magnitude in the 
first 15 minutes and there was no detectable activity after 45 minutes of 

' 
treatment in the cerium(IV) solution.· Decontamination results are also 

shown here for a second washer which had been contaminated in a manner iden-

*The factor for converting counts per minute to disintegrations per minute 
per square centimeter for the test washers was 2.5. 
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tical to that of the first washer. This second washer was treated only with 
the cerium(IV)-nitric acid solution which removed the contamination to non
detectable levels in 45 minutes. These results clearly demonstrate the 
effectiveness of the cerium(IV) in.achieving deconta~ination of the stainless 

steel specimens. 

A decontamination test with a stainless steel bolt and two nuts ·de

monstrated the ability to decontaminate non-smooth surfaces such as bolt 
threads with a cerium(IV)-nitric acid solution. The results are shown in 

the next slide (Figure 8). 

A 111 x 1/411 stainless steel bolt and two nuts, each having alpha con
tamination levels of greater than 5 x 105 counts per minute, were treat~d 
in a 0.1 ~ cerium(IV}-2 ~nitric acid solution. After one hour the activity 
on one of the nuts had been reduced to a nondetectable level and after 75 

minutes the activity on the bolt and other nut had been reduced to that 
level~ In fact, the process should be effective on any stainless steel 
surface that can be contacted with the cerium(IV) solution. The next slide 
(Figure 9) shows the bolt and nuts after the decontamination test. 

In-Situ Decontamination 

In the tests discussed thus far, the metal test specimens and the anode .. 
for regenerating cerium(IV) were in the same vessel. A cerium(IV)-nitric 
acid solution would also be effective as a decontamination agent in a system 

where the cerium(IV) is regenerated in a cell separate from the decontami
nation vessel. It should also be effective in a spray or flow through system 
as depicted in the next slide (Figure 10). In this type of system the 
cerium(IV)-nitric acid solution is pumped from the regeneration cell to the 
equipment to be decontaminated where it could be applied as a spray or used 
to flow through or over contaminated equipment. 

Materials of Construction 

Scouting tests with materials specimens have shown some metals as 
well as plastics which are resistant to corrosion or attack by cerium(IV)
nitric acid solutions at elevated temperatures and thus would be suitable 
as materials of construction for components of a decontamination facility. 

There are shown on the next slide (Figure 11). 
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Tantalum, titanium, Zircaloy-2, and Zircaloy-4 are all very resis
tant to corrosion in cerium(IV)-nitric acid solutions. Corrosion tests 
run for 140 hours in 0.2 M Ce(IV)-4 ~ HN0 3 at 90°C indicate upper limits 
on the corrosion rates of 1 x l0-7, 1 x lo-G, 3 x l0- 7, and 7 x lo-7 em/day 
for tantalum, titanium, Zircaloy-2, and Zircaloy-4, respectively. 

Tests have been run on the attack of eerie-nitric acid solutions 
on various plasti~ coupons. In general, the fluoroplastics are the most 
resistant to attack by the solutions, with FEP (Fluorinated ethylene 
propylene) and TFE (polytetrafluorethylene) showing no attack after approxi-
mately 70 hours in 0.2 ~ Ce(IV)-4 ~ HN0 3 at 90°C. Several kinds of plastics 

. ~ 

did show attack as evidenced by physical deteri~ration and/or weight loss 
of the test specimen. The order of increasing weight loss w9s Lexan® < Kyna~ 

< polyethylene < polypropylene < polyimide ~ Hypalon. 

Conclus1ons 

· In conclusion, based upon the laboratory results obtained in this study 
it is concluded that a metal decontamination process based upon removal of 
contamination by treatment with a cerium(IV)-nitric acid solution (or other 
redox agent in nitric acid) is feasible and highly promising. This conclu- . 
sion is based on the following considerations, shown on the next slide 
(Figure 1 2). 

• The technique is effective in dissolving the surface layer of stain
less steel. Dissolution rates of approximately 1.5 mils/hr have 
been demonstrated with cerium(IV)-nitric acid solutions. 

• Removal of plutonium contamination from stainless steel has been 
demonstrated in laboratory tests with cerium(IV)-nitric acid solu
tions. In tests with plutonium contaminated metal specimens, ac
tivity levels were reduced from greater than·5 x 10s counts per 
minute to nondetectable levels in approximately one hour when 
treated with cerium(IV)-nitric acid solutions at 90°C. 

• Removal of paint from stainless steel surfaces has been demonstra
ted with cerium{IV)-nitric acid solutions. 

• Materials of construction are available for a cerium(IV)-nitric 
acid decontamination facility . 

. 6 
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In the next slide (Figure 13) we have listed some potential advantages 
this type of process has over chemical solutions currently bei'ng used or 
tested. These include: 

1) The systems proposed are not high salt systems; therefore, there 
is potentially 1 ess waste generated by this .Process than most 

2) 

· others. 

Cerium(IV) in nitric acid is a good dissolution agent for plu
tonium oxide( 4-?) and could possibly be used for removal or re
covery of plutonium from equipment highly cont~minated with piu~ 
tonium. Other redox systems in nitric acid might also be appli
cabl~ to dissolution of Pu02 • 

3) Regeneration of the decontamination agent [Ce(IV)] during the 
decontamination process is effectively accomplished by use of 
electrolysis . 

. :~ 

4) Nitric acid solutions are widely used throughout the nuclear 
industry and as such their properties are well known and 
understood. This should facilitate regeneration of the de
contamination solution (e.g., by removal of plutonium and/or 
other contaminants by standard chemical separations techniques 
used routinely in the nuclear industry), and/or disposal of 
the solution following its use as a decontamination agent. 

5) The decontamination is not sensitive to relative distance from 
an electrode as an electropolishing process is. Thus, the pro
cess should be more effective· for irregularly shaped equipment 
than processes which are sensitive to the location of the cathode. 

6) The process does not require immersion of the equipment being 
decontaminated, i.e., it could be effective as a spray or a 

flow-through system. 
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1.0 

CHEMICAL TREATMENT OF CONTAMINATED 
EQUIPMENT 

ELECTRODE 

CATHODE STIRRER 

PIECE TO BE 
DECONTAMINATED 

ANODE 

ce+4 

REACTIONS: ANODE 3Ce + 3 -3 Ce + 4 + 3&-. 

CAT!HODE x H.+ + xa·- ~ H2 

2yH+ + yN03 + 2ya·-yN02- + yH20 

SOLUTION 3 Ce+4 + Fe0 -3 Ce+3 + fe+3 

FIGURE 1. Schematic of Cerium( 1'1.')-Nitric Acid Treatment of Contaminated Equipment. 

HEDL 7111-1111.1 



EFFECT OF TEMPERATURE ON _DISSOLUTION 
RATE 

400 

0 
0 1 2 

TIME, HRS. 

0.010 

0 

HED L 7910-239.4 

FIGURE 2. Effect of Temperature on Stainless Steel Dissolution Rate. 
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EFFECT OF CERIUM(IV) CONCENTRATION 
ON DISSOLUTION RATE 

400 4 M HN03 
9QOC 0.010 

• • 0.2 M ce+4 
0.008 . 300 V) 

C!) 

- ~ 

(/)-

0. 006 V) 

0 
-J 200 
1-
::I: 
C!) 0.004 
L.LJ 

3: 

100 
0. 002 

0~.....:-----1----L.-__._ _ __._ _ _.______.Q 

0 1 2 

TlME , HRS. 

:2: 
u 
-::I: 

1-
Cl.. 
L.LJ 
0 

z 
0 
1-
< 
Cl:: 
1-
L.LJ z 
L.LJ 
c.. 

HEDL 7910-239.6 

FIGU RE 3. Effect of Cerium(IV) Concentration on Stainless Stee l Dissoluti on 
Rat e . 
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(HN03] 
- .. , -
• 2 

4 

• 7 

•10 

el3 

FIGURE 4. Effect of Nitric Acid Concentration on Stainless Steel 
Dissolution Rate. 
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REMOVAL OF PAINT FROM STAINLESS STEEL 

TEST SOLUTION: 0.2!\.1 Ce(IV) -HN03 
TEMPERATURE: 90°C 

. 250,---..----------------., 

200 

w .. t 
~ 100 .,_ 

PAINT. 
-DIIIAMERCOAT 33 

1111 ALKYD ENAMEL 
IIIII AMERCOAT 52 

7 10 13 
HN03 ~OLAR IN 

HED L 7910-239.1 

FIGURE 5. Removal of Paint from Stainless Steel by Cerium(IV)~Nitric 
Ac1d Solution~. 
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--.- -· :;;- ~ - . - . -· . . 
·DECONTAMINATION· OF STAINLESS STEEL· 
WITH CERIUM(IV)SOLUTIONS 

(Ce( I Vl) (HN03) 

• 0.1 2 

• 0.1 4 

• 0.2 2 

0.2 4 

FIGURE 6. Decontamination of Stainless Steel with Cerium(IV) Solutions. 
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EFFECT OF CERIUM(IV} ON DECONTAMINATION 
ON STAINLESS STEEL 

.) 

'· 1ol 

Tl ME, MINUTES 

HEDL 7909-157.4 

FIGURE 7. Effect of Cerium(IV) on the Decontamination of Stainless Steel. · 

15 



DECONTAMINATION OF STAINLESS STEEL 
BOLT AND NUTS 

106 O.lM Ce( IV) - 2M HN03 
<XJoc 

~ 
=> z -
~ loS 
0:: 
'-W 
a.. 
Vl 
1--
z 
=> 

lo4 0 
u 
;z 
0 -1--
..::C 

lo3 z 
~ 
< 1--z· 
0 u 
< lo2 e BOLT :I: 
a.. 
_,J e NUT < 

101 
NUT 

10° 
0 20 40 60 80 100 120 

·TIME, MINUTES 
HEDL 7909-157.6 

FIGURE 8. Decontamination Test with a Stainless Steel Bolt and Nuts. 
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DECONTAMINATION TEST 

r . 
I 

TEST CONDITIONS 

SOLUTION: 0.1 Ce(IV)-2M HN03 
TEMPERATURE: 90°C 
TREATMENT TIME: 
NUT#3, 60 MINUTES 
BOLT, 75 MINUTES 

NUT#4, 75 MINUTES 
INITIAL CONTAMINATION: 

>5x105 COUNTS/MIN 
FINAL CONTAMINATION: 

NON-DETECTABLE 

STAINLESS STEEL BOLT AND NUTS 
AFTER DECONTAMINATION TEST. 

HEDL 7910-239.7 

FIGURE 9. Decontamination Test with Stainless Steel Bolt and Nuts . 
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CHEMICAL TREATMENT OF FAILED EQUIPMEr~T 

IN-SITU DECONTAMINATION 

PIECE TO BE 
DECONTAMINATED 

SPRAY GUN 
I 

ANODE 

+ 

DECON SOLUTION 

HN03 -:- · Ce+4 

FIGURE 10. Schematic Representation of In- situ De~ontamination of Metal Equipment. 

HEDL no2·033.4 
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ACCEPTABLE MATERIALS OF 
CONSTRUCTION 

TANTALUM 
TITANIUM 
ZIRCALOY 
TEFLON 
ACRYLICS· 
KYNAR 

HED L 791 0~239. 3 

FIGURE 11. Acceptable Materials of·Construction For a Cerium(IV)-Nitric 
Acid System. 
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NITRIC ACID-CERIUM (IV) TREATMENT OF CO.NTAMINATED 
EQUIPMENT . 

CONCLUSIONS 

• RAPID DISSOLUTION OF METAL SURFACE AREA 

e RAPID REMOVAL OF PLUTONIUM· CONTAMINATION 

• EFFECTIVE IN REMOVING PAINT 

• M-ATERIALS OF CONSTRUCTION ARE AVAILABLE 

HED L 7910-239.2 

FIGURE 12. Conclusions from Cerium(IV)-Nitrk Ac"d Study. 
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NITRIC ACID-CERIUM(IV) TREATMENT OF FAILED EQUIPMENT 

POTENTIAL ADVANTAGES 

• LOW SALT SYSTEM WHICH MINIMIZES SECONDARY 

WASTE GENERATION 

• RAPID DISSOLUTION OF. PLUTONIUM 

• EASY GENERATION OF DECON AGENT-CERIUM(IV) 

• EASY CLEANUP & REGI;NERATION OF ACID ELECTROLYTE 

• DECONTAMINATION NOT SENSITIVE TO POSITION OF 

ELECTRODES 

• COULD BE EFFECTIVE AS A SPRAY OR FLOW THROUGH 

SYSTEM 
HEDL 7911-189.4 

• 
FIGURE 13. Potential Advantages of a Nitric Acid-Cerium(IV) System for Decontamination of Metal 

Equipment. · 




