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The oxidation of alpha-phase plutonium has been inwssti~atedo and a

of protective coatings have been studied., or~anic films and evaporated

metal films are unsatisfac”LoryO A cozposito oleotro@ate of silver~ indium~

cadmiump heat-treatmi to cause diffusions has provided excellent protection.

of oloe.ning~etchin~g and ,plzatin&plutonium have been.dsviscd,,

and

Methods

.
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13KITEC!KION OF PLUTOMU3 AGAINST ATJOSPH31UC OXIDATION

Introduction.—

‘.lhenplutonium metal became amilable in small amounts~ it becama apparent

tin!~t,it was appreciably attacked in ordinary atmospheres ;,Yhen.freshly cleanodO the

meta”iis bright and similar to nickel in tone,, Upon exposure at room temperature, it

;s’~.dua~lydarkens and eventually acquires a powdory surface. At sli~htly elevated

temperatures the oxidation proceeds rapidly with the formation of green-yellow powder

which has been identified as the dioxide by i;-raydiffraction. Apert from oonsider-

akions of loss and influencs on nuclear reactions9 the extremely ‘;oxicnature of the

fi!ateriairenders it impcrat.3.vcthat oxidation

In additions it is desirable that any applied

alpha radiatibn so that fabricated pieces may

be minimized and the products contained.

coating be capable of absorbing the

be handled without excessive precautions~

and that such aoatimg be unaffected by the ionization produced by the omission.

All of the work to be described has been carried out with substantially pure

plutonium, i.e., the alpha phase. Recentlye there have been indications that the

dolts phase, aetastabilized by gallium, is more resistant to atmospheric oxidatlona

Complete confirmation is lacking at present.

Ex.perinantal—

The chief obstaclo to an extensive study of the proteotton of

been the unavailability of the material,, To overcome this, much ox the

@utonium has

work has been

performed with thin roils (O+OC)2inohes), approximately one centimeter square. As

might be expeotod~ the variability is high when suoh small surfaces are employed~ and

the results should not be considered q’xantitative~ In later work,,samples of’approxi=
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Oxidation rates were determined by *mi#ing on assay balances, and the

‘valuesmay be considered precise to 5 micrograms per square centimcrter, Sa!!plesvJerc

contained in small plati.wunboats to prsvont loss of oxide, and coatin~s were oonsiderad

to have failed cctmplctelywhen such oxide appeared at the surface,. Ste.adardaoaeleratad

tests wore performod FLt65CC in Iabaratory air ( 9 mm partial pressure waker vQpor,

capproxima.toly5 percent relative hmidity)$ and under thcso conditions the metal

oxidized rapidly in 2A hourss Heating was car~ied out

and humidity control, where neoessary, achieved by the

of proper concentration.

Surface Preparaticn$

The samples

mineral oil and later

of plutonium were

by prassiq under

in rotiwlatedlaboratory ovens.

use of sulphuric aoid solutions

?&brioated at first

oil. These carried

by rolling at 200°C under

a fairly thiok layer of

protective action, andOadherent cxide which in an aotual oxidation test exerted no

therefore, had to be rmnoved prior to coatin~. Unfortunately, no reagent has been

found oapable of dissolvi~ the oxide chemically witho~t dissolvi~ netal at an

appreciably

oxide oould

ohemioallyq

made anodic

&reater rate. Early work on milligram quantities had indiaated that tho

be removed and the metal simultaneously brought to a high luster elsctro.

This was subseq~ently confirmed with lar~er samples, The plutolli~mis

in a solution of equal volumes of 85 percant orthophosphorio aoid and

ethylene Slyaol at 3 to 6 ~olts and approximately 305 ampere/sq. in. The solution is

operated at room temperatures using stainlass.steel cathodes. Norm~13yo 3 to 10

minutes are sufficient i’oroleanlnga The metal is then immersed in concentrated nitr!.o

acid for about 30 seconds to 2 minutes and is washed,, It has ’alsobeen found possiblo

to substitute aqueous solutions of a$!~ W,*S%ML];.9$3 fi%ssphatesor scdium oyanidec The
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“brightest.luster is obtained with phosphoric acid-glycol.

Little adhesion is obtxainodby plating directly on the slectropolished

suri’u.ceshence some form ofletching is required. A va~iQty of passj.blaetchants were .

tnvesti:atud, and while a number of fairly suitable ones were found$ the most satis==

.%wLory appears to be an aqueous solution containing 100 g~ of ammonium Gulf’ateand

6 cc/~ of concentrated sulphuric acid. An inmn-sion of 10 minutes seems satisfactory,.

:i%er etching~ the metal is coated with a blaok films the majority of’which is removed

by dipping in concentrated nitric acid for a few minutese The reminder is removed by

a very brief elcctropolish in the phosphoric acici-:lycolsolution., Following tho

,>,~~tomarynitric acid dip and washi~~ the plutonium may be plated,.

f% tiw JsAhode

Plutonium rsaots chemically with sli~htly acid solutions (except nitric),

and is attacked by dilute sulphates and chlorides. Pl~ti~ baths areO thorefore~

limited to alkaline electrolytes. Attempts have been made to deposit copper* oadmiumO

zincs and tin dirootly upon plutonium but in each
.

~JiIflCI.$ This difficulty oan probably be overcome by

~aration treatment At presents howsvero the only

case blisters develop in a short

a m.otificationof tho surfaoe pre.

metal which can be satisfactorily

This is plated from a bath containing 140

&of K2G~ operated at room tcnporaturo,.

sq~ In. may be used, but for thick deposits

ibis quantity is halved...Other aetals nay, of course, then bo deposited on tliesilver,

For the eloctrodepositionof tin, the sohtion used oonttiinod150 ~/Z

sodium stannate and 150 +@ pOtassiwn#~~Po~~sPh@al~: This bath was operated at room
●°0 ● ● ●9*:0 ‘:*e

temperature and a ourrcnt density of 0~]~af@.+./”st&.$]i.:*yie”idin;a current efficiency
●* ●8s •~s9**●*o ● 9
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of about 25 percent. Cadmium was plated froma bath containing 46 s/4 of oadmium

oxides 120 g/L sodium cyanides 004 @ nickel carbonate, and 12 :/~ goulac~ This

bath is pormittud to stand for several days bef’orefiltrations and is operated at

roon temperature at a cathode currant density o? 9.1 to O*2 aapers/sq. inc. yielding

a ourront bfficienoy of about 95 percent,

Indiuxawas plated from solutions prepared by dissolvin~ 18 grams of metallio

iridiumin 80 oc of concentrated HCIS

in 100 00 of water. Thirty grams of’

solution added rapidly with stirri~

evaporating to dryness~ and dissolving the ohloride

deX’hrosearc then dissolved and the resultant ,

to onc containing 269 & potassium oyanido and

40 g potassiun hydroxide in .350cc ‘“ofwater. The product is then diluted to one liter,.

Commercially available iridiumchloride solutions may be used in place of mcrtal.

Plating is carried out at room temperature at a current density of 0~15 amperes/sq. in.$

with a current efficiency of approxin=tely SO percent. The current ei’f’iciencyis

0xicl~t50nof Uncoated Metal

!!wospeoinons oi’alpha plutonium foil

and 40 percent relative humidity, (9 mm partial

have been exposed

pressure of water

at room tempcraiuro

vapor) for some

time~ One of those gained approximately 10 miuro:rams/sq. cm. after 2512 hours

(105 days), whilethm other increased inwaight by174mierograms/sq. em,, after 3581

hours (149 days). The large variation maybe attributed to the di.ff.erenmin origin

of the two foils, but the larger value ia suffioiontly sqall to bo considered within

safe limits= A test at 25°C is largely academic since massive pieoe$ of plutonium

possess sufficient internal ener~y to raise their temperature well above ambient. Thi8
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The rolativc ini%mncas exerted by temperature and

.ratoshave not been in~estigated in detail~ but some idea of

~leanad from ‘I’able1,

Tab20 S

Effect of Wmpernture and fiumidityon the

Oxidation of Alpha Plutonium

humidity on oxidation

their magnitude may be

Tempo ‘C

25
25
59
50
:5
65

Peroent Rulative Time Weight Ga%n
Humidity Hours liicrogramssqoomO

40
100
7
7
5
0

9(XJ 10 to 70
900 6500
900 4300
200 600
200 100
200 ?X5

It should be noted that a v;ei~ht~ain of approximately 6500 mi.cr~”amsz’sq.omo

corresponds to a loss of metal thiakness of 0.001 inch assudng a metal density of’

19 g/cc and the formation of plutonium dioxide. As mi~ht be expected, an inorease

in either humidity or temperature hastens the progress of oxidation Howovcr9 moisture

Qppoars to be essential to continuation of’the prcsessg and desiccation is indicated

as an elementary method of prevention,

OrJanic Coatings

Although the durability of’organic coatings subjected to fairly intense

alpha radiation is not knonne a number of’such coatings were i~vestigated to determ%ne

their protective properties. In all cases failure was a3.mostimmediate and this lino

of investigationwes not purcued.
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.
Warxmated Coatim~&. .—

(:,roup(w.6 deposited a variety of metal films on plutonium samples usi%

the vacuum evaporation technique. Theso included rh~dium$ vauadiuh, manganese~ and

tellurium as well as @liuxn applied mechanically. These coatings were thin, in

#neral bclng about 0.00901 inoh thiok. Althot?ghin a very f’ev:instances there waa

some evidenae of delay in oxidations failure was extremely rapid in almost all oaae~.

i.&ctroplatedana Diffused Coatings

“ It r.asfound that even fairly thick coatings oi’electrodeposited silver did

not provide complete proteotion~ Fig, 1 shc)~i~ a oomawrison between bare metal and a

sample platsd with about 3 roilsof silvorq a five-fold decrease in rate bein~ observed

over *he period of test. The ooa%ing evidently fails to prevent the diffusion of

oxygen and moisture to the underlying rnotale In an effort to seal the pores~ thinner

deposits of silver

iridiumand tin, to

treatment at 97°C

were plated with altern&tu layers of’iridiumand cadmium~ and

a oomposito thickness of about 3 roils*and subjeoted to ~aouum heat

for about 70 hours. The result obtaiucd is shown ~raphioally in

Fig. 10 It is evident that excellent oxidation resistance is obtainable by this

method. “Insufficient data are available to permit specification of minimum thickness

of deposit and miwimum times for heat txwatment.

Conclusions and Recommendations

Nhile methods of aleaning~ etehing~ and plating plutonium have been dev$,sedO

and vihilesatisfactoryprotootion has been realized through the use of a composite

silv~r=indium-oadmiumooating$ mu.si~work remains. As indicated previously, the delta

—... .
● 0 ● **

.~... .: e.,..
. ● . . . .. . . . . .*_c& ,.

● ** ●
● **

. —*.*.9

● *** :0 ● 9*
● m* •e~ [:fl~L&$$lFIH!.** .,

● * .*. .** ● 9

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



}

● e* ●
..a ● om .*

● ● m●eo: ::. ● e
●

● * ● ● * .*
●

:
● 9

. . . ,., :00 ●:0 :09 ● *

● * ● ** ● .*..*
*** ●

.000
● *9 ● 00 ●● **:: 9**
● ,8* ● **.*:mm @m*:. ● *
● *

● 0 ● @* ● ** ● 00 ● *9 9-
● *Ore* ● *● 0:0 ● ***

● :0 ● 0● :Q ● *
● ● oe : ●:0 :00 ● 0

antihumidity should be exte~lded~ ‘Theminimum thicknoss of coati~;, and time and

temperature of heat-treatment (ii’any is required) should be determined., The use of

aqueous cleaning e2mrtrolytes such as the phosphates and cyanj.des khould he investi-

~atod in ~reater detail, and in partioular$ their tolerance for the other rea~enta

which may be carried over should be deterzd.nad~ 1% would

deviso a method of oleani~ and etoking in a sin~ls step.

mechanical problems involving racking in a remote control

&ttGntionO Sufficient matal should be made ava!llabloTor

be M$’i!y deairablo to

.%rthorm.oresa number of

system require immodiato

those S-hd%es=

I
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