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This invention relates to the application of. protec-
tive coatings on metallic. uranium. The products pro-
duced in practicing this invention are useful in a neu-

\ tronic reactor of the type described in the co-pending
.~ application of Fermi et al., S. N. 568,904, filed Decem-
ber 19, 1944, now Patent No. 2,708,656, dated May 17,
1955.

Metallic. uranium is an easily oxidizable metal which
is readily corroded by atmospheric oxygen and by
aqueous solutions. In order to protect the metal from
the injurious effects of such media, it is desirable to
provide a coating of some material which is less easily
acted upon.

Many common protective coating materials are un-
suitable for coating uranium; lead forms a pyrophoric
alloy with uranium and for this reason its use is ob-
jectionable; some metals, such as tin, permit diffusion
of the uranium through coatings of these metals with
consequent impairment of their protective value; other
metals form very brittle alloys with the uranium; con-
taining many cracks and crevices which reduce their
effectiveness.

It is an object of the present invention to provide
protective coatings for uranium which are not subject
to the defects enumerated above. A further object is
to provide a barrier coating for uranium over which it
is possible to apply various protective coatings that nor-
mally would be unsuitable because of their behavior
toward the base metal. A further object of the inven-
tion is to provide highly protective electrodeposited coat-
ings on metallic uranium.

“ In accordance with the present invention. metallic
uranium is protectively coated with nickel, preferably
but not necessarily applied to the uranium directly.

The metallic uranium preferably is prepared for the
application of the nickel coating by an etchant treat-
ment of the metal surface with an aqueous etching
solution containing chloride ions, for example, a hydro-
chloric acid solution or a molten hydrate of ferric
chloride. Particularly satisfactory preparatory treat-
ments of this type involve anodic pickling of the metal
in aqueous trichloracetic acid solution, or aqueous phos-
phoric acid selution containing about 15 % of hydro-
chloric acid, to remove a % to one mil layer of the
surface metal. Prior to the. etchant treatment the metal
may be cleaned by sand-blasting; pumice-scrubbing, treat-
ing with organic solvents to remove grease or oily im-
purities or treating with a chemical solvent for the oxide
film on the metal. Aqueous nitric acid solutions con-
taining from 30% to 55% HNO; by weight are especial-
1y useful for this purpose. An additional short treat-
ment with this reagent should be applied after the etchant
treatment in order to remove the coating of oxide or
oxychloride from the etched metal surfaces.

 “The nickel coating may be applied by electroplating
from. a conventional acidic mickel electroplating bath,
such as an.aqueous nickel sulfate bath.

The nickel coatings of the invention may vary from
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exceedingly thin coatings, of the order of 0.000015 inch,
up to 0.001 inch or thicker. The thickness of the coat-
ing may be varied to suit the subsequent treatment of
the metal. Thus the thinnest coatings have been found
to be especially suitable as bases for chromium - electro-
deposits. - Nickel electroplating baths have much higher
throwing power than chromium electroplating baths and
consequently are more effective for coating fissures such
as cracks, pipes and other surface irregularities. Elec-
troplated nickel coatings protect the uranium from the
adverse effects of chromic acid so that more satisfactory
chromium platings are obtainable from the standpoint
of uniformity and completeness of protection. Since the
nickel is required for onmly tramsitory protection of the
uranium during the chromium plating operation, very
thin coatings are suitable for accomplishing the purpose.

The nickel platings retard the diffusion of uranium
into aluminum or aluminum-silicon brazing alloys and
are therefore valuable in preventing the formation of the
brittle wranium-aluminnm alloys which normally are
formed at the interface of the uranium and aluminum
or aluminum-silicon when no barrier is provided. The
nickel platings are accordingly of benefit in the applica-
tion of such metals as protective coatings or as bending
means, for example, in the bonding of aluminum sheaths
to. the uranium. They serve a similar purpose when zinc
or zinc-tin solder is used as the bonding agent. For use
in this manner heavier nickel electro-platings are more
desirable, such as platings between 0.0003 inch and
0.001 inch thick. In applying such coatings by hot-dip-
ping, the nickel plated article should be immersed at a
temperature and for a time just long enough to wet and
uniformly coat the surface.

While very adherent nickel electrodeposits may be
produced upen uranium when a suitable preparatory treat-
ment is employed for etching the uranium, their adher-
ence may- be still further improved by subjecting them to
an alloying treatment. Such a treatment involves heat-
ing the electroplated uranium for a short time at a tem-
perature above 662° C. The heating may be effected
by immersion of the electroplated article in a molten
bath such as a bath of molten sodium chloride, potas-
sium chloride, or lithium chloride, or a mixture thereof
maintained at a temperature between 700° C. and 800°
C. The alloying may also be effected by inductive heat-
ing or by radiant heating in a vacuum or in an inert
gas. By appropriate control of the time and temper-
ature of heating, the extent of alloying and depth of
penetration of the nickel may be controlled to provide
nickel alloy layers at the uranium-nickel interface vary-
ing all the way from exceedingly thin layers up to
layers many times the thickness of the plating. Thus
by appropriate heat treatment it is possible to provide
straight nickel protective platings bonded to the uranium
by nickel-uranium alloy layers of various thicknesses, or
to provide very thick layers composed entirely of alloy.
By the application of alternate platings of copper and
nickel on top of the initial nickel platings and subsequent
heat treatment, coatings may be prepared comprising a
bonding layer of uranium-nickel alloy beneath a cupro-
nickel alloy layer firmly bonded thereto. .

The nickel electrodeposits of the invention may be
used as bases for subsequent zinc, tin, or lead hot-dip
coatings or electroplatings. Composite platings may be
rendered highly impervious by a short beat treatment
slightly above the melting point of the secondary plat-
ing to promote diffusion into the pores of the underlying
nickel layer. Heat treatments below the melting point
of the secondary plating also may be used. to improve
the coatings. Thus zinc platings on the nickel may be
heat treated at 300° C. for2 or 3 hours.
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Example 1

An extruded uranium rod about 3% inch in diameter
is first dipped for one minute. in ‘aqueous 50% HNO;
solution -at 25° 'C.; ‘and then: rinsed’ with ‘water. = It is
immediately dipped in aquecus 36%: HCI solution until
the surface is completely black (about 40 seconds). Tt
is ‘thén removed from the HCI solution, rinsed with
water and: dipped for 5 seconds in 50% HNO; solution.

The Tod, which: now has' & gray, uniformly etched
appearance, is again tinsed briefly with water and ‘then
immediately electroplated: by placing it in an aqueous
electroplating bath, which: contains' per liter, 240 grams
of NiSO..7H,0, 45 grams of NiCl,.6H;0, and 30 grams
of H3BO;, and is at a temperature of 40° C., and passing
a current through the solution with the rod as cathode at
an initial current density of 75 amperes per square foot
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for one minute -and: then ~at ‘a current density of 20 :

amperes per square foot for 3 minutes. :
A smooth, uniform, firmly adherent nickel plating is
formed on the surface of the metal.

20

The ‘nickel -electroplating may be alloyed with ‘the |
uranium rod by heating for a few minutes in an induc-
tion : furnace fo raise : the surface temperature to 800°

C. and form an integral uranium-nickel alloy coating on’

the rod.
Example 2

A machined uranium rod about:8:inches long and 115

inches in diameter is prepared for electroplating by dip-
ping' in trichlorethene to remove grease, sand-blasting
lightly, dipping in agueous 35% HNOj; by weight at 30°

C. for 4 minutes, rinsing ‘with cold water, etching by -
ancdic' treatment in - aqueobs 50% ° trichloracetic ‘acid ‘'

solution at: between 50° and 60° C. for 10 minutes at 50
amperes : per square foot - current density, rinsing: with
cold ‘water; -dipping: for 4 minutes in:cold aqueous 35%

HN03 soluuon to" clean’ the etched metal surface, then |

rinsing in cold water.

- The cleaned. etched metal rod is immediately electro-
plated in a nickel sulfate eleciroplating bath of the com-
position employed in Example 1 at a current density of
25 amperes per square foot at 40° C. until a nickel plat-
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ing about 0.0005 inch thick is formed (about 25 minutes).

The nickel-plated rod is dipped directly in a sodium-~
modified alloy of 88% aluminum and 12% silicon at
640° C. for 50 seconds and then brazed by an alloy of
the same composition to an aluminum sheath at about

45

'600° C. A firm bond is formed between the rod and °

the sheath with no noticeable brittleness.

Example 3

An extruded uranium rod plepared for platmg in the ‘
manner described in Example 2 is electroplated in a

nickel sulfate electroplating bath of the same composi-
tion for about 5 minutes.
The lightly plated rod ‘is then rinsed in water and
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electroplated in an aqueous electroplating bath contain- .

ing 400 grams per liter of chromic acid, at 50° C. until
a chromium plating 0.0001 inch thick has been built up
(about 6 minutes). A concentric-lead anode comprising
an expanded metal cylinder having a diameter about 2
inches greater than the rod is used. A smooth uniform
adherent coating is thus produced over the entire cylin-
drical surface of the rod with all of the fine crevices on
the metal surface covered by a continuous coating of
chromium on nickel.

Example 4

A uranium specimen mnickel electroplated as in Ex-
ample 1 is rinsed with water, electroplated in an aqueous
copper electroplating bath comprising 75 grams per liter
of copper as pyrophospate at 60° C. for 20 minutes, .
then rinsed again, electroplated for 20 minutes in. the
nickel sulfate electroplating bath described in Example
1, rinsed again, electroplated for 10 minutes in the ¢op-
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“comprises etching the uranium in an aqueous solution con-
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per ‘bath, ‘rinsed, and agam electroplated .in the nickel
bath for 10 minutes.

This coating provides good protection for the metallic
uranium. However, by immersing it in a molten bath of
potassium chloride lithium' chloride eutectic: at: 750° C
for: between . 1 and 2 minutes, an alloyed coating of
cupro-mckel over uranium-nickel alloy is obtained hav-
ing excellent adherence and the corrosion resistance char-
acteristic: of .cupro-nickel :alloys.  The copper 1mproves
the barrier effect of the coating to diffusion’ of uranium
as described - in: greater detail and claimed in my U.S.
patent application Serial ‘No. 571,673 entitled “Copper
Coatings and. Method of “Applying,” filed : January" 6,
1945, now Patent No. 2,854,737, dated October. 7, 1958.

Example'5

A uranium rod is ‘nickel electroplated and then electro-
plated with ‘a single layer of .copper as in the first two
electroplating ‘steps of 'Example .4.. The rod .is then
rinsed and rolled in’ an evacuated tube at 750° C. for -
2 hours. " The nickel is ‘thus: alloyed: with the uranium
‘and ' copper  to .form ' a: nickel-uranium -alloy . bond. be-
tween the uranium-and a cupro-nickel alloy protective
coating, . The copper in this case serves. the additional

- function of preventing uranium-nickel -alloy, which at the

rolling -temperature -is relatively soft, from adhering: to
the tube.

This application is a divisional: application: of my ap-
plication Ser. No. 572,093, filed January 9, 1945, now.
Patent No. 2,854,738 dated October 7, 1958,

It will be understood that I dntend.to include varia-
tions : and - modifications: .of . the. invention and that the

- preceding examples are illustrations only and in no wise

to be construed as limitations upon the. invention, the

‘scope of which is defined. in the appended claims, where-

in I claim: : »
-~ 1.: The method: of protectively coating uranium, which

+ comprises anodically -etching ‘the uranium in: an etch in
‘an- aqueous: phosphoric ‘acid : solution .containing chioride

ions, cleaning the etched uranium in aqueous nitric acid
solution, and promptly electroplating the cleaned uranium
in a nickel sulfate electroplating bath.

2. The method of protecting a metallic uranium arti-
cle, which comprises etching the uranium in an aqueous
etching solution containing chloride ions, electroplating
the etched uranium article with a nickel first coating and
dipping the nickel-plated article into 2 molten metal bath
comprising principally aluminum.

3. The method of protecting a metallic uranivm, arti-
cle, which comprises etching the uranium in an aqueous
solution containing chloride ions electroplating the etched
uranium with a nickel first coating and dipping the nickel-

. plated article into-a molten metal bath comprising a

low melting aluminum-silicon alloy for a sufficient time
to form a coating of aluminume-silicon alloy-on the article.
4. The method of protecting a metallic uranium arti-

‘cle, which comprises etching the uranium in an aqueous

etching solution containing chloride ions, electroplating
the etched uranium with a nickel first coating, dipping

‘the nickel-plated article into a molten metal bath com-

prising a low melting aluminum-silicon alloy for -a suf-
ficient time to form a second coating of aluminum-silicon
alloy on the article, and subsequently brazing the coated
article to an aluminum sheath with a low melting alumi-
num-silicon alloy.

5. The method of protectively coating uranium which

taining: chloride ionms, electroplating a coating of nickel
on the etched uranium and heating the mnickel plated
uranium ‘by immersion thereof in a molten bath com-
posed of a material selected from the group.consisting
of sodium chloride, potassium chloride, lithium chloride,
and mixtures thereof, maintained at a temperature of
between 700° C. and 800° C., for a time sufficient to
alloy 'the nickel and uranium and -form ‘an integral pro-
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tective coating of corrosion-resistant uranium-nickel alloy.

6. The method of protecting a metallic uranium arti-
cle, which comprises anodically etching the uranium in
an acidic solution containing chloride ions, applying a
nickel coating on the uranium which was previously
etched in the acidic solution, by an electroplating pro-
cedure in order to provide a material on the uranium
which will prevent any metal which is applied, thereon
other than nickel, from diffusing into the uranium base,
and subsequently applying a metallic protective coating
thereover.

7. The method of claim 6 wherein the acidic solution
containing chloride ions comprises hydrochloric acid.
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