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ELECTR~C14EM ICALDECONTAMINATION OFPAINTEDAND HEAVILYCORRODED METALS.

By StanlslawMarczak, JoelAnderson and JacekJ. Dziewhwki
LosAlamos National Laborato~
P.O. Box 1863, Mail Stop J514
Las Alamos, NM 87545
ph. 0-01-50$6674431

ABSTRACT
The radioactive metal wastes that we generated from nuclear fuel plants and radioctmmlcal

laboratories are mainly contaminated by the surface deposition of radioactive isotopes. There are
presently several tt?chniques used in removing surface contamination involving physical and chemical
processes. However, there has been very little research done in the area of soiled, heavily oxidized, and
painted metals. Researchers at Los AlamOS National Laboratory have been developing electrochemical
procedures for the decontamination of bare and painted metal objects. These methods have been found
to be effective on highly corroded as well as ralatlvaly new metals. This study has been succe=ful in
decontaminating projectiles and shrapnei excavated during environmental restoration projects after 40+
years of exposure to the elements. Heavily corroded augers used in sampling acthrities throughout the
aree were akw successfully decontaminated. This process has demonstrated it’s effectiveness and offem
severai advantages over the present metal decontamination practices of media blasting and chemical
solvents. These advantages inciude the addition of no toxic or hazardous chemicais, low operating
temperature and pnessure, and easily scaleable equipment. it is in our future plans to use this process in
ihe decontamination of gloveboxes dmdine for dlsposai as TRU waste,

Introductio&
Radioactive metal wastes generated from nuciear fuel plants or radlochemi~l laboratories are

mainly contaminated by the surface deposition of radioactive isotopes. In most cases, the rad inactivity is
located in a 10 ym thick surface layerl. Therefore any surface layer removing method should be useful
as a decontamination technique.

Radioactive matai decontarnkmtion techniques can be divided into three groups: chemical,
aiectrwhemicai, and physical, In chemical decontamination an acid and/or complextng agen~
(sometimes combined with an reduoe/’ or oxidant&s ) is appiied to dissolve a surface metal oxide layer or
metal itself. In electrochemical decontamination a metal sufiace dissolution reatilon is driven by an
electric ourrent flow. Physical decontamination methods include $imple mechanical removing of
contaminants as weil as more advanced techniques such as plasma am Qouging.

Electrochemicei decontamination is considered a vew useful method because of a high waste
volume reduction factor and easy application to metal wastes of various shapes. Many studies have
been done in developing and optimizing various eledmchernicai decontamination pmcessas’’-z.
However, there exist very Iittie literature about decontamination of heavily corroded or painted metals.

A treatabillty study umsisting Pf two waste streams was implemented 10 research the viability of
electrochemical decontamination of highly corroded rnetd. The first stream consisted of corroded metal
projectiles and various pieces of shrapnel that were uneatthed during environmental restoration (ER)
activities at Los Aiamos Nationai Laboratory (LANL), “the projectiles were us~d in tests which dated back
to 1940’s. These metal objects were contaminated with natural uranium. The samnd waste stream
consisted of atmntlum-90 contaminated augem and drill heads, ThGse augers and drill heads had been
used to collect soil samples In an unrelated ER project. Corrosion was present on the augem and drill
heads but was much less sever than the corrosion present on projectiles and shrapnel. It was our goal to
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processtheee metal pieoesand remove radiaactivityto background level. Upon doing thls,thermgem
anddrill heads can be reused in future ERpmje* andtheprojetiiles andm4al shrapnel @n besentto
a smelter as recycled metaL

The decontamination of painted metals is a unique problem limited 10 few analytical Iabomtorles
dealing with radioactive samples. At lANL, the investigation into repainting and decontamination wss
fueied by glovaboxes and fume hoods that had been painted every year to immobilize traces of
raaloactive material. Over the years, sevemi paint iayers were accumulated ,each one containing some
radioactivity. Another use for this technology is the decontamination of lead safes used for staring
radioactive samples. The interior and exterior of these safes has been painted to change removable
contamination into fixed radioactive contamination.

Decontamination of painted metal consists of removing paint layers and, in some cases. a thin
layer of metal. Like bare metai decontamination methods, deoontaminatlon of painted metal can be
chemicai, physical or electrochemical. Chemical paint mmovai methods oonsiata of applying chemicai
agent oausing chemicai changes ifi paint structure like hydrolysis or oxidation of the paint. Ultra high
pressure wate~3, high pressure sand or COZ blasting and, paint dissolution In soivent - paint stripper are
the exampies of physioel painted rnetai decontamination. Electrochemical decontamination is the least
know method. it consists of appJying a DC current to cause paint stripping.

Although this technoiog y can be appiied to many types of painted metal, we investigated paint
stripping on steel gloveboxes and iced safes.

Excwrirnental d~fi
.

Ail decontamination expetimenta were conducted in a aqueous soiution baths. In the
electrochemical deccmtamhmtion steps, Dimensionally Stabie Anodes (DSA, a titanium fjrid covered with
a rare earth oxides) anti carbon steei oathodes ware used. The solution composition vartect depending
on the object to be decontaminated. A Soersen DCR 20-1 15B2 rectifier was used as a DC power souroe.

Surface! radioactivity was measured before and after each step of decontamination. The p + y
radioactivity was measured with Ebefilne SRM 100 monitor with 15,5 cmz of probe sutiace area. An
Ebe(line TA55HF monitor was used to determine a radioatilvity (with 72 crn2 probe). Because
decontamination to a background ievei Was our goai, only the total radioactivity was measured without
the distinction of removable and tixed contamination.

Thickness of dissoived metal layer was calculated orI base of the charge passed through the
solution. ArI uniform dlssoitilon rate was supposed, independent of geometrical Configuration.

Eieotroehemical decontamination of p~irked metai Was conducted in 0.1 M NezSOa + 104 M
NaO1-i solution. In this procedure, the objects to be depamted were made cathodic and MA was used as
the anode. if paint was weil intact and provided no exposed metal surfaces for eleotncel contact, the
object was scratched in 1.5x1.5 cm grid. This provided eiecwicai contact with the power suppiy leads and
exposed some rnetai surface for electrical contact with soiutlon. Current varied farm 15 to 400 mA/cm2
(calculated from the whoie, painted and exposed surface). Voltage depended on appiied current and
varied form 10 to 20 V. Soiutions were not externality heated or oooled . However, the temperature
wouid rise to 60- 10O°C due to ohmic heating. Current was applied for 3 to 30 min. and ioose paint uvas
removed with pia~ic scrub or paper towel.

A ASTM # f23359-95a methodq’ was used to determine initiai and residual paint adhesion. Paint
removai efficiency was calculated as a percent of surface from whioh paint was removed.

Results.
Projectiles.

A total of 38 pmjeotiles were received. They varied in size from 2 to 4 inches @to 10 cm) in
diameter, 1 to 30 inches (2.5 to 76 cm) in length, and 0.5 to 80 ib, {0.23 to 36 kg) in weight (totai 1050 ib
= 476 kg). Aii pmjedlles were covered with a thick layer of soii, dust, and rust. ACGCdhlg to records, the
projectiles were contaminated with uranium. Three projectiles were covered with a yellow =ke of
uranium oxides. The initiai contamination level varted from just above background to 105 cpm (counts
per minute) [j + y and up to 5000 cpm CZ.

Due to soii and corrosion, there was no possibl[ity to estabiish an electrical contad with pro]ectiie.
Therefore an Initial wash in 0,2 M citric acid soiution was appiied 10 remove the ioose dirt, soii, and some
corrosion products. After washing some radioacthrity was removed (Fig. 1).
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Electrolytic decontamination was wsedasthe second +md third steps. Initially, pmjedile$wm
madocathodicin O,l M H2SO~. DSAservad asthe anode. Current flow (up to 100mA/cm2]oausesa
reduction df the surface layer Iron oxides and hydrogen gas evo[utlon. Reduction of the surfaae oxides
lowers an adhesion of the thick rust layer to the projeottle. At the same time, hydrogen bubbles strip
pieces of rust off the projectW’s surface. Dwtng cathodic decontamination no metfds were dissolved and
the composition of electrolyte did not change. After filtering off soil and pieoes of rust, the electrolyte was
mused. After this step a majority of the corrosion products were removed easily from projectile’s surface,

Finally, prajeotiles wem made anodic in the sama solution. A stainless steel beaker served as
both the electrolytic cell and cathode. The projectiles were connected to the positive pole of a rectifier.
Current ftow (aDOUt 10 mA/cm2) caused dissolution of the thin sutiace layer of the projectile. Depending
on the contamination level various electrolysis times were used. The shortest time of electrolysis (2
houm) resulted In stripping of 25 pm thick layer from the surface. During the typical time of electrolysis
(4 hours) 50 ~ af metal was removed. In Cnree cases electrical cumwts up to 40 mA/cm2 were used
and electralyses were oonducted for 46 flours. This allOWeClfor 2400 pm (2.4 mm) of the pmjectlle’s
surface to be dissolved (supposing that the dksolved metal was iron).

Surfaa radioactivity was measured after each step of the decontamination. The results for 6
projectiles are presented in Fig 1.

Generally all pro]ecttles cau(d be divided into faur groups: a) projectiles decontaminated with
citric acid, b) projectiles which needed all three steps of decontamination , c) projectiles on which some
additkmal radioactive sources wars exposed after citric acid wash, d) projectiles with volume
corltemination.

The fimt three groups are represented in the graph below. The projectiles described as ‘wtth
screw” and ‘W6“ belong to group {a), “nail” and “middle” to belon~ to group (b), and “large” and “drill” - to
group (c).

Onty 3 projectiles belongad to Orcmp(d). All three projectiles were Initially cevered with a yellow
cake and possessed an upper part that was badly damaged. Initial radioactivity readings showed up to
75,000 cpm p + y and 5000 cpm ct. Washing in citric acid removed the yellow cake from the top of the
projectiles but {t dlct IIOt result in contamination decrease. Both, cathodic and mmdic deoontamlnations
fai{~d to lower the radioacthrlty on thes~ three projectiles. A 2,4 mm thiok layer of the projectile’s sutiece
was removed before further effons were abandoned. It was concluded that these projectiles wem volume
nsther than surface contaminated. Average pmjeotile denslt y, 15,7 g~cmg, and composition of electrolyte
after anodic dissolution of projectile surfaae (28.6 g/L of U, 24.0 g/L of Fe) suggest that an uranium was a
major component of these projedlles’ alloy,

All but three projectiles were decontaminated to meet free release criterie. One projectile marked
“1945” (mark became visible after decontamination) is to be displayed in Los Alamos Science Museum.

The chemical oomposlt]on of solutions from each step of decontamination was determined using
lCP-AES (Inducthrely Coupled Plasma - Atemic Emission Spectrbscapy) . In each case RCRA (Resource
Conservation and Recovery Aot) elements were present but mrmentrations were below disposal limits
(100 ppm for Ba, 5 ppm for As, Ag, Cr end Pb, lppm for Cd and Se, 0.2 ppm for Hg).

Shrapnels
Fifty shrapnel pieces of vartou$ sizes and compositions were received (56 lb,= 25.4 kg total).

The majority of them (45) were made of brass (83% Cu, 34 % Zn, 2.8% Pb), 3 were made of aluminum, 2
- steel, In Toxicity Characteristic Leaching Procedure14 (TCLP) test brass shrapnels leached 8.3 ppm of
lead and were therefore considered a Mixed Low Level Waste. Both aluminum and steel shrapnel
passed TCLP teats.

Treatment procedure involved overnight washing in 1 M aoetic acid and anodic dissolution.
Stainless steel beakers or alumlnum foils were used as cathodes. Voltage was kept below 4 V, current
depended on dimensions of a shrapnel. For the smaller pieces 0,1 A was used, for the Iargar ones thra
current was equal to 3A, This translates to current density approximately 50 m~ cm?. The tima of
electrolysis depended on contamination level, Less contaminated pieoes were electrolyzed for 4 houf$,
more contaminated ones up to 20 hours. This is equal to a 260 to 1300 pm thick sutface layer being
stripped in order to achieve decontamination. One acetic acid solution was used for alectmlysis of up to
10 shrapnel.



TA-4tt BLDG-1CST+ 5056654251:# 7/’11SENTBY:LOSALAMOS ; 9- 8-38 ; 211.18FM;
●

.
.

During the electrolysis some metal powderwas deposited on oathode. This powderwasremoved
smdtheelectrolyte solution was fittered before reuse. Thematai powder consisted ofcopper, lead and
cadrniu~and itctidnot,.pag the TCLPtest @.3ppmof Pb, 1.0 ppm of,,,~d in the TCLP test).
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Five shrapnel pieees consisted of separable smaller part$. Tttese pieces were disassembled and
each pafi was monitored for contamination and treated separately. (in two uses contamination was
found cm surfaces exposed after the disassembly). Srmdl non-metallic parts from the dlsasaembly were
rinsed with diluted (0.2 M) nitric acid. Rinse solution contained no RCRA elements. This solutkm was
disposed of to the Radioactive Wastswmter Treatment Plant (RWTP) and the non-metaltic parts to the
Iaboratoty radioactive trash boxes.

Six brass shrapnel wers vefy badly damaged and contained deep cracks and holes. They
requlrad eledrolysis for up to 20 hours. Even after this amount of time, some dark spots on shrapnel’s
surface remained radioactke, Tests showed thai these dark spots are insulators and during electrolysis
only shrapnel’s bare metal was dissbhreri These spots remained unchanged. RadkractiWty was
removed from these spots by rinsing them with 1-2 mL of 30% HNC)S.

Aluminum and steel shrapnel, as well as steel screws from shrapnel disassembly were first
washed in 0.2 M HCI. After acid wash tba radimwtivity of aluminum pieces and screws was mducad to
the background level. The ICP-AES analysis showed, no preserme of RCRA elements and the solution
was disposed of to the RUWP. Two steel pieces were still radioactive (one up to 400 cpm p + 7, seoond
up to 700 cpm p + y; no a). They were electrolyzed lo the same manner as the brass shrapnel.

Examptes ef treatment results are presented on the graphs below. All shrapnel shown on the
graph were made of lames.

Eaoh step of treatment removed some decontamination. Washin$ in acetic acid removed some
loose dirt and part of the contamination. Anodic deoontaminatkm lowered the radioatothrity to background
level and brass shrapnel reoovered their gold-llke appearance. All shrapnel were demntaminated and
meet the free release criteria.
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Augemanddrtll heads.
Attialof 3ddllheads and20aug9m mmm*ivd andtreatd(-19N lb-= 882 kg). These

objeots were contaminated with S190 and this contamination was fixed. Alpha contamination was found
neither on augersnor cm driil heads. The contaminathm with fi + y emitters was a spot - typeand activity
varted from 400 cpm t9 over 2000 cpm.
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Figurt 2. Results of shrapnel decontamination.
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The augers and drill heads were sukjected to a two stap decontamination.
The first step consisted of an ovemlght washing in 0.1 M HZSO~” The wash bath had a volume of 100 L.
During the mmrnight washing a smface layer of the au~er was dissolved and the acid concentration
decreased below 10“2M. From acid rmncentration drop, auger’s surfaoe area (15200 cm2), and supposing
uniform dissolution of auger we calculated that 50 Mm thick layer was dissolved. In the morning the
washed auger was removed and rinsed wtth tap water and a new auger was phmed in the beth.
Concentrated sulfuric acid was addad to reach HzS04 concentration 0.1 M and a new auger was left in
the bath till the next day. No stirring was used. One volume of the bath was used to wash 5 augem. The
solution from the bath was subjectedto ICP-AES analysis and chromium concentration was found to be
500 ppm and km concentrationwas found to be 30 g/L. This solution was neutralized to pi-t btNween 6
and 7 in order to precipitate chromium and iron hydroxides. After separation only 0.5 ppm of chromium
was found in this solution. No other RCRA elements were present and the solution was disposed to the
RWTP.

The cake wae fllterad under vacuum and dried. Solkl hydroxides (a mixture of Fe(lI), Fe(lll) and
Cr(lll] hydroxides] passed the TCLP test and were disposed of as a Iow.level waste,

After the first step of decontamination the wgers and drill heads remained radioactive and were
submitted to a second step. This step consisted of electrolytic removal of a metal sutface layer. An
auger (or a drill head) sewed as an anode and a carbon steel grid was used as a cathode. 100 L of 0.1 M
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HsP04was used asanelectrolyte. The augerswere ekwtrolyzedfor 16 hourswith 30Acurrent@
allowed todissolve 42pm thick iron layer). Thevoltage didnotexaed4V. After the electrolysis the
augers were rinsed with tap water and allowed to dry. The radioactivity was then measurad again. After
the sepamtlon of a small amount of solid (iron phosphate), the electrolyte solution was analyzed by lCP-
AES. No RCRA components were found and the solution was disposed to the drain,

All objects were decontaminated to the background level, free released and reused by the ER
project. The decontamination procedure produced about 33 lb. (1 !5kg) of chromium and iron hydroxides,
0.44 lb, (0.20 kg) of iron phosphate and 4.41 lb. Q kg) of soil collected from the bottom of the tank. All
these solids passed TCLP test and were disposed of as a low level waste.

Pairtted metals.
Preliminary paint removal investigations were done with uncontaminated brass, aluminum, lead,

and carbon and stainle~ steel objects. The study fecused on effectiveness of paint stripping and
radioactivity removal from objeots. MY recods describin~ the paints that were encountered during the
study were available. Paint was easity and completely remoued from ell but aluminum metal substrates,
The depaintecf, hare metal surface were clean and bright. We have found no dependency of paint
removal efftclency on Inltlal paint adhesion. However, the paint possessing WIe greatest adhesion did
offer the least amount of electrical cxmt!mt+

Decontamination and repainting investigation involved only lead These objects inctuded painted
lead safes that had been contaminated by vartous radioisotopes. In some cases the mdioaotive
oontaminatlon was removed with the paint layers. However, some objeots did rsquim additional bare
metal decontamination after the Paint wes removed. In all cases, radioactivity was brmmht to
background Ie’

Figura 3. Ref

1s. Results are ~resented on Fig. 3.

Electrolytic paint rwfmml

FI
....-.—..

16,000 “

14,0tJo ~’ -:-e-” ’14

12,000

10,000

8,000 [
6,000~

L0’

%Ei&!q—..,,._ ..,..-...,..
Pig Lid Lid Pig EMlet

6-25 6-25 6-18 S-24

Sample

Its of decontamination by Elactrochemiml Depaintlng (EDP).

Disau?siQn ~Jusions.
Electrolytic decontamination of bare metals.

Electrolytic deco-tiamination allowed for the removai of radloarMve components to a background
level from all but three of the treated objects. These three objeots were made of uranium alloy as
discussed earlier.

In comparison with literature data (1O ~m) a much thicker surface layer had to be rernoverk 25 to
SO pm for projectil~ 2EKlt~ 1300 pm for shrapnel, and 50 to 100 pm for eugers. The shrapnel exhibited
the widest range of sutiace dissolution. in some cases over a 1 mm thick surfaoe layer was dissolved.
This could be a result of ununlform current distribution during electrolytic decontamination. Radioactivity
was removed relatively easily by dissolving a 10-50 pm thick layer from the flat rwfaces of the brass



SENTBY:LOS ALAMOS ; 9- 8-98 ; 2:12PM ; TA-48 BLDG-1 CST+ 5056654251;#10/ 11

*

.**

.

shrapnel. Thiswss confirmed by radicmctivity measurements. Afterthe first hour ofelectrolysis (what
corresponds to 65 pm layer diwolved) a majority of the shrapnel’s surface was free of rmntamlnation.
The only radioactivity found resided within deep cracks and holes or within dark electrically insulated
spots. The rate of metal dissolution inside these cracks and holes was much stower than dIsaolutiQn fmm
surfaoes parallel to oounbw’ electrodes. This results in the thickness of metal dissolved inside cracks to
be substantially Iowerthan and average value calculated from electdcal charge.

There is a Sf2GOnd difference with literature data’. The lowest values of dissofved metal thickness
ar~ 3-5 times higher than Iiteratufe data. This can be explained by the way the objects geometrical
surface was calculated. To determine surfaoe area, the object was approximated by the otesmat
geometrical body. The surface areas of the projectiles were calculated based on a cylinder, a rectangular
prism was used for shrapnel, and a cylinder and a flat with a flat metal strip (blades) for augers. The
expo$ed surfaoe area of the objeot$ were pitted by corrosion. Therefore, true surface area could be a
several times I@rgerthan that of a smooth geometrloal figure. Taking this into amount, the differences
between Iiteratum valuesl (10-20 pm) and experimental values (25 -100 pm) become meaningless.

Electrolytic decontamination of painted metals.
There are two aspects of ekmtrDGhemical paint decontamination: the mechanism of paint

removal and applioabillty of the method on the large scale.

i

3.

Three mechanisms could be responsible for elemtrochembal paint removall’?

Reduotion of the surface layer of metal oxides leading to substantial decrease of paint adhesion.

Mechaniosl removing of the paint by gaseous hydrogen forming between paint and a metal surface.
This is accomplished by the electrolysis of water. At the cathode (the metal to be depainted) H*
cations andlor water is reduced and hydrogen gas is generated:

2H* + 2e + Hz (gas) and/or 2t&0 + 2e -D Hz+ 20 H-

Paint hydrolysis on the border between paint and bare metal. Oue to water reduotion a pH on the
surface- of tie metal oan be locally very high, This is demonstrated in the aboue equation by the
generation of OH on the cathode.

This study does not supplied any arguments to choose one of these three possibilities. In our
opinion all three mechanisms work together.

Applicability of any method is governed by three factom effectiveness (if it works), costs, and
safety. Experiments showed the electrochemical repainting works very well for lead, brass and steel but
did not supply enough data to fully prediot oosts of the operation. However, we have collected sufficient
information to compare the safety of presented pro~ess with other availabte paint removal processes,
The most probable application for large scale EDP would be processing the painted, heavily
contaminated gloveboxes that exist within the lANL complex. Therefore, we can compare our
techniques with those that have been proposed to depaint and decontaminate these gloveboxes.

Electrochemical decontamination of painted metals is a low temperature, ambient pressure
method. In the best conditions paint removal rate was about 5000 cm2 par minute. This means that an
average glovebox could be depainted in 3 to 5 hours. Mechanical means using paint strippers (chemical
or solvent based) and abrasives have taken w9eks of manual labor to accomplish the same square
footage of cleaning. High pressure methods cart achieve the same rate of paint removal but present
many hazards when operating in the glovebox environment. Extremely intensive water (or COJ jets can
easily cut through gloves, flesh, plastic or even glass. EDP leaves a bright shiny metal surface which is
very desirable and will be a good indicator of deconlaminatiwi for future use of the glovebox. EDP and
ultra high pressure wuter decontamination are the only technios leaving bright metal surface withtmt
additional polishing step.
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