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The oxidation of alpha-phasc plutonium has been investigated, and a
variety of protective comatings have besn studied. Organic films and evaporated
metal fhlms are unsatisfaclory. A composite electroplate of silver, indium, and
cadmium, heat-treated to couse diffusion, has provided excellent protection. liethods

of oleening, etchinz, and plating plutonium have besp devised.
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PROTECTION OF PLUTONIUM AGAINST ATHMOSPHERIC OXIDATION

Introduction

tihen plutonium metal became available in small emounts, it became apparent
that it was appreciably attacked in ordinary atmospheres. When. freshly cleaned, tho
metal is brizht and similar to nickel in tone. Upon exposure at room temperature, it
srmdually darkens and eventually acquires a powdery surface. At slizhtly elevated
temperatures the oxidation proceeds rapidly with tge formation of green-yellow powder
which has been identified as the dioxide by Xeray diffraction, Apert from considere
ations of loss and influencs ob nuclsar reactlons, the extromely :oxic nature of the
maverial renders it 1mperative that oxidation be minimized and the products contained,
in addition, it is desirable that any applied coatin;.be capeble of absorbing the
alphae radiation so that fabricated pieces may be handled without oxcessive precautions,
and that such coatinz be unaffected by the lonization produced by the omission,

All of the work to be described has been carried out with substantially pure
plutonium, i.e., the alpha phase, Recéﬁtly, there have been indications that the
Jdalte phase, metastabilized by zallium, is more resistant to atmospheric oxidation.

- Gomplete confirmation is lacking at present.

Experimnesntal

The chief obstacle to an extensive study of the protection of plutonium has
been the unavailabiliﬁy of the material. To overcome this, much of the work has been
performed with thin foils (0.002 inches;, approximately one centimeter square. As
might be expected, the variability is high when suoh small surfaces are employed, and

the results should nol be considered yuentitative. I1n later work, samples of epproxie

mately the samo size, but approximatei} fiwuoo¢moo uheothlokness, vore used.,
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Oxidation rates were determined by waoishing on assay balances, and the
values msy be éonsidored precise to § micrograms per sguare centimeter. Samples were
contsined in small platinum boats to provent loss of oxide, and coatings were oconsidersd
to huve falled completely when such oxide appeared at the surface. Stendard acoceleratsd
tests wore performed nt 65°C in laboratory air ( 9 wm partial pressure water vapor,
approximetely § percent relative humidity), and uﬁdor theso conditions the metal
oxidiged rapidly in 24 hours. Heating was oarried out in regulatcd laboratory ovens,
and humidity control, where necessary, achieved by the use of sulphuric acid solutions

of' proper concentration,

Surfuce Preparations

The samples of plutoniun were fubricated at first by rolling at 200°C under
minoral oll and later by pressinj under oil. These carried a fairly thiok layer of
adherent oxide which in an aoctual oxidation test exerted no protestive aotion, and,
therefore, had to be removed prior to coating., Unfortunatesly, no reasgent has been
found capable of dissolving the oxlde chemically without dissolving metal at an
appreciably greater rate, Early work on milligram quantities had indioated that tho
oxide ocould bs removed and the motal simultaneously brouzght to a high luster elsctro-
chemloally, This was subseqqently confirmed with lar;er senples. The plutonium is
made anodic in & solution of egual volumes of 85 percent orthophosphoric acid and
ethylene zlycol at 3 to 6 volts and approximately 0.5 ampere/sq. in. The solution is
opereted at room temperature, using stainlass-steel cathodes. Normally, 3 to 10
minutes are sufficient for cleaning. The metal is then immersed in concsntrated nitrioc

acid for about 30 seconds %o 2 minutes and is washed. It has also been found possible

to substitute agueous solutions of ag®¢ #fn*svalisg? ptpsphutes or sciium oyaxiidec. The
. e e e o e o o
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brightest luster is obtained with phosphoric acid-gzlycol,

Iittle adhesion is obtained by plating directly on the olectropolished
surfuce, hence some form of etching is required, A variety of possible etchents wore
invesiiseted, and while & number of fairly suitable ones were found, the most satis-
foclory appears to be an agueous sclution containing 100 z/4 of enmonium sulfate and
8 ce/£ of concentrated sulphuric acid. An immersion of 10 minutes seems satisfactory.
After etching, the metnl is coated with a blask film, the majority of which is removed
by dippiny in concentrated nitric acid for a few minutes. The remalnder is removed by
a very brief elcetropolish in the phosphoric acid-jlycol solution. Following the

sustbomary nitric scid dip and washing, the plutonium may be plated.

Plating sethods

Plutonium resots chemically with slishtly acid solutions {except nitric),
and 1s attacked by dilute sulphates mand chlorides, Plgting baths are, therefore,
{imited to alkaline elecirolytes, Attempts have been made to deposit copper, cadmium,
ginc, and tin directly upon plutonium, but in each case bligters cdevelop in a short |
“imo. This diffioulty can probably be overcome by a modi fication of the surface pre-
paration treatment. At present, howsver, the only metal which can be satisfaoctorily
deposited directly on plutonium is silver, This is plated from a bath containing 140
&/ of AzCN, 204 3/£ of ECY, and 15 g/ £ of KzC05 operated at room temnporature.
Current densities as hizh as 0.2 ampero / s9. ln, may be used, but f'or thick deposits
this quantity is halved. Other metals may, of course, then be deposited on the silver.

For the electrodeposition of tin, the solution used contained 150 z/£&

sodium stannate and 150 3/2 potassiunapxﬁggngspﬁgEe
e O

[
e

:This bath was opersted at room

° o o e _ 9 o @ o .
tomperature and a ocurrent density of 0019 alip2f-/st8. In. feyielding a current efficiency
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of about 25 percent, GCadmium was plated from a bath containing 46 z/e of oadmium
oxide, 120 g/{ sodium cyanide, 0.4 gﬁ? nickel carbonats, and 12 1/£ goulac, This
bath 1s permitted to stand for several days before filtration, snd is operated at
room temperature at a cathode current dcusity of 0,1 to 9.2 ampers/eq. in., yielding
a ocurrent wfficiency of about 95 percent.

Indium wae plated from solutions prepared by dissolving 18 grams of metalllo
indium in B0 c¢e¢ of concentrated HCl, evaporating to dryness, and dissolvinz the chloride
in 100 oc of water, Thirty grams of deXtrose are then dissolved and the resultant
solution added rapidly with stirrinz to onc containing 160 3 potassium cysnide and
40 s potassium hydroxide in 350 cec "of water. The product is then diluted to one liter.
Commercially available indium chloride solutions may be used in piace of metal.

Plating is carried out at room temperature at a current density of 0,15 amperes/ﬁqn-ina,
with a current efticiency of approximately 90 percent. The current efficiency is

¥nown to decrease with use and age,

Oxidation of Uncoated ietal

fwo speoimens of alphu plutonium foil have been exposed at room temperature
and 40 percent rolative humidity, (9 mm partial pressure of water vapor) for some
time., One of these zsined approximately 10 miorograms/éq, cm, after 2512 hours
(105 days), whils the other inoreased in weight by 174 microgrems/sq. om. after 3581
hours {149 days). The large variation may be auttributed to the differencs in origin
of the two foils, but the larger value is sufficiently small to boe considered within
safe limits, A test at 25°C 1s largely academic since mestive pieces of plutonium

possess sufficient internal enerzy to raise their temperature well above ambient. This

i 3 (.3 [ ° ) . . A
vige may be limited by °°nf1nimfj&“¢“¢3“1=”$£t§t§tabls condneting oage.
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The relative influences exerted by temperature and humidity on oxldation
rates have not bsen investigated in detail, but some idea of their magnitude may be

i3leansd from Table 1.

Table 1

Effect of Temperature and liumidity on the

Oxidation of Alpha Plutonium

o Porcent Relative Time Weizht Gain
Temp. “C Humidity Hours Micrograms/éqcemo

25 40 900 10 to 70

25 100 900 6500

50 7 900 4300

50 7 200 _ 800

) 5 200 100

65 0o 200 127

it should be notled that a weisht 3ain of approximately 6500 micreg-sms/sq. om.

corresponds to a loss of metal thickness of 0,001 inch assuminz a metal density of
19 g/bc and the formation of plutonium dioxide, As mizht be expected, an increase
in either humidity or temperature hastens the progress of oxidation, However, moisture

eppears to be essential to continuation of the prccess, and desiccation is indicated

as an elementary method of prevention,

Crgenlic Coatings

Althouzh the durability of orgasmnic coatings subjected to fairly intonse
. alpha radiation is not known, a xumber of such ccatinzgs were investigeted to determine

their protective properties. Ia all caeses failure was almost immediate, and this line

of investigation wes not purcued.
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tvaporated Coatings

Group Ci-6 deposited a variety of metal films on plutonium samples using
the vecuum evaporalion technique. These included rhodium, venadium, manjanese, and
tellurinm as well as 3allium applied mechanically. These coatings were thin, in
general belnz about 0.,00001 inch thick. Althouzh in a very few instances ther; was

some evidence of delay in oxidation, failure was extremsly rapid in almost all cases,

EGloctroplated and Diffused Coatings

It wag tound that even fairly thick coatinzs o electrodeposited silver did
not Provide complete protection. Fig., 1 shows a comparison botween bare metal and a
sample plated with about 3 mils of silver, & five-iold decrease in rate beiny observed
over the period of test, The coatinz evidently fails to prevent the diffusion of
oxysen and moisture to the underlyin; metal., In an effort to seel the pores, thinner
deposits of silwer werc plated with alternute layers of indlum and cadmium, and
indium and tin, to a composite thickness of about 3 mils, and subjected to vacuum heet
treatment at 97°C for about 70 hours. The result obtained is shown praphically in
fFige la It is evidont that excellent oxidation resistance is obtainable by this
wethod. "Insufficient data are available to permit speoification of minimum thickness

of deposit and minimum times for heat treatment.

Gonclusions and Recommendations

thile methods of cleaninz, etching, and plating plutonium have been devised,
and while satisfactory protoction has been realized through the use of a composite

silver-indium-cadmium ocoatinz, mu:ix work remains. As indicated previously, the deolta

fyiny the problem, In sesny caseg.uhe.xr&ﬂs K7y %,nghuxm;rateﬁ as affected by tempsrature

PMCLASSIFIED

phase may prove to be cons1derab1y more ox;gptipnﬁrnswg{ant then alpha, thus simpli-
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and humidity should be extended. The minimum thickness of coatinj, snd time and

temperature of heat-treatment (if any is required) should be determined. The use of
aqueous cleanins elactrolytes such as the phosphates and cyanides thould bes investis
sated in greater dotail, and in particular, their toleraace for the other reagents
which may be carried over should be déterminedc 1t would bs highly desirsble to
devise a method of cleaning and etohing in o single step., Furtheriore, & mumber of
mechanical problems involving racking in a remots control s&stom reguire immediate

attention, Sufficient motal should be made available for these studies,
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