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The present invention relates to a method for- cleanmg
zirconium surfaces and applying adherent electrodeposrts
on zirconium surfaces.

It is well known that zircopium. metal readily forms a
protective oxide film that resists removal by conventional gg
methods. None of the conventional methods for cleamng )
other surfaces prior to electroplatmg, such asfth
tional processes for carbon steel, stainless stee]
etc., can be successfully applied to the:prepara =
conium for electroplatmg Eleetroplates ‘applied: to zir- 25
confum after the zirconium is cleaned: by- conventional
means for preparing the usual metals of commeree. re-
sult in electroplates that can be. easily peeled from the
zirconium surface.

The poorly adherent quality of electrodeposits on zir- 30
conium prepared by-conventional metheds becomes. éspe-
cially apparent upon heat treatment of the composite- ar-
ticle. The heat treatment of poorly adherent-electroplated
articles will result in a separation of the electroplate. from
the basis metal. While this may: be due to. several fac- 35
tors, one factor which it is believed contributes in a
great part to this is the formation of molecular. hydrogen:
at the interface of the. basis metal and electroplate and:
its expansion during heat treatment which results. in lo-
calized blistering or over-all separation. of the electro- 40
plate from the basis metal. -

It is an object of the present - invention to provxde a
method for cleaning: zirconium: and zirconium, alloy sur=
faces.

1t is another object of the present invention to provrde 45
a method for plating. Zirconium surfaces with:- highly-
adherent metallic electroplates.

It is a further object of the present mventlon to- pro-.
vide a method of etching zirconium or zirconium: aley:
surfaces for electroplating with another metal so.that the 50
as—plated adhesion of the. electrodeposited ‘metal to the
zirconium is maintained during heat treatment to alloy
the interfacial layers- of the two.metals: .

Other objects will be apparent from the descnptmn of
the present invention which follows. - 85
In accordance with the: present. invention it has; been
found that zirconium and zirconium. alleys can: be: chemi-.
cally cleaned by etching the surface of said metal with.

an aqueous solution of ammonjum: fluoride and-hydro-

fluoric acid. The etching: of-the: zirconium; metal surface: 60
or zirconium alloy surface. in accordance with the method:
described in the present- application will. provide. a sur--
face upon which can be electroplated an :adherent: coat:
ing of other metals. ~ The: etching -of zirconium or zir:
conium alloy surfaces is an- essential step : the: metho
of applymg adherent electroplates to zirconium or zlr-.
conium alloy surfaces; in acgordance with: the process of
the present invention. The complete process: for-applying
adherent electroplates to said. zirconium. surfaces com-
prises broadly three prescr1bed operations:: etching the 70

b

- -metal at” the “interface.

S 2
surface of ‘the basis metal’ w1th an-ammonium fluoride-
hydroﬂuonc acid bath electroplatmg the platmg metal
on the surfage of said: zirconium, metal and heat-treat-

- ing the composite article.

The basis metal contemplated by ‘the present invention
includes ‘substantially pure zirconium and zirconium al-
loys: ‘qontainmg predommantly zirconium. - 'Fhe: 'surface
of the zirconium -or zirconipm. alloy should: be: free. of

_ rolling scale; or heat-treating: scale, since. such. scales are

less soluble . in: the. etchmg solution” than is: the: underlying
metal.. The method is applicable to. zitconium_surfaces
which have been finished by substantially: all conventionak

methods, 'such. as sand- or -vapor- blasting,’. shapmg, sur-,r' _ '

face: grinding, or chemical polishing. :
“The . etching solution, -of the present: mventxonucoms
pnses an ‘aqueous : solution by hydroﬂuonc acid-am-
monium: fluoride;
alloys; are readily: soluble -in; aqueous solutmns of “hy-
drofluoric acid, electroplated metals. onto. zircopium - sups
faces etched in solutions - containing  hydroflueric- acid
alene. are ‘poorly adherent and can: be: easily- peeled The

presence: of ammenium: fluoride in_ the etchant is there- .-

fore -essential-to the success of : this: step... Furthermiore,
the melar ratio:of ammonium: fluoride to; hydroﬂuonc acid;
in the. etchant-is’ ‘imiportant, since. if the ratio- is too: large
or:-too :small- poeorly adherent: electroplates will be ob-
tained. - It has been found in aceordance: with this invens
tion: that ' efficient cheémical- cleaning: is  obtained: if’ the..

‘molar ratio of ammonium: ﬂuorxde to hydroﬂuomc acrd

lies: between™ 1.2 and 3.0,
"While we do not wish to be bound by any theory ads

vanced, it is believed: that' an: etchant lying within these :

particular:ratios furnishes the maximumny inhibition:against,

. the; adsorption by thezirconiom surfaces’ of :the hydrogen::
- produced: during the etching operation. - It'is presumably:

the adserbed; hydrogen that causes. detrimental embrittle-
ment ofthe interface: dumng the subsequent €lectroplating -
ofa metal upon the zirconium. ' It has further: been found:.

" in aceordance. with the present mventlon that the: addition

of 0:25 to-1.0%: of ‘an-aliphatic: amine: of the formula; -
CsHzn1NHs, where: n is a number 12 to-18 ‘inclusive,
to. the- etchmg solution extends the. preferred range of;
NHqF/HF molar ratios to include 1 0:3.00 ’
Wlule the etching can be applied under whatever oc-
casion -it is desired: to chemrcally clean zirconium or,
zirconium alloy surfaces, it is particularly desira
a‘step in a process- for applymg an adherent electro-
plated’ metallic coating to a zirconium or zirconium; alloy
surface. Where the etching is'to be a step in a’zirconium
electroplatmg process,” between “about 0:2 ' and- 0.6 mil
of the zirconium- surface are preferably removed: by the-
etchant' before the electroplating step, 'The amount - of

,zlrcomum removed by etching *will: ‘depend: upon. the

time of immersion in the etching: solution and the: tem-.
perature of the etching solution. Immersron times of:
10 to 240 seconds and solution temperatures.of 70 to 120°
F. are satisfactory for the pretreatment of zirconium -
ob]ects to be electroplated. with metals. - However; an

 immersion. time_of-30.to 90: seconds and a soluuon tem-

perature of 100°F. are preferred.
The efficiency of the etching step as a: step m the. -

-'process of electroplatmg metals 10 zrrqomum surfaces‘ -

has been tested for varioi 10lar 5
ﬂuorlde/hydrogen ﬂuorlde by carrymg out’ the etchmgv :

5 step,, then. electroplating - a ‘metal ‘such as nickel on the :

surface- and determmmg the’ stress (¢in pounds per ‘square
inch); requ1red to” separate the - plating- from " the basis

: The- following ‘examples ‘illus- :
trate: the- difference: in the as-plated adhesion versus the "
composition of the etchmg solutron in detall o

Although ‘Zireonium :and:-zirconium:
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As-plated ; Ounces
Example NH,F Mole/ | HF, Mole/ | NH:F/HF, A Ingredients
Number Liter Liter | Molar Ratio | Adhesion, per gallon
5 Nickel sulfate, NiSO4-7TH20 .o oo, 44
0.00 0.50 0 1,000 Nickel chloride, NiCla 6Hz0 ... .. 6.1
0.44 to 0.88 | 0.44 to 0.88 1.0 1,000 Borie acid, H:BOs. ... 5.0
0.48 to 0.96 | 0.40 to 0.80 1.2 6, 000 H30: added as needed to prevent pitting
0.66 to 1.32 | 0.22 to 0.44 3.0 6, 000 .
0. 83 0.05 16.6 1,000
1.67 0.09 18.5 1,000 at a pH of 2.0, a temperature of 140° F. and a current
10 density of 40 amperes per square foot. The composite

As shown by Examples 3 and 4, the best as-plated
adhesion (6000 p. s. 1.) was obtained on zirconium etched
in solutions with NH4F/HF molar ratios of 1.2 to 3.0.

After the surface of the metal is etched the metal is
then rinsed. This may be accomplished in an aqueous
rinse or other conventional rinsing baths.

The surface preparation of zirconium and zirconium
alloy objects by etching in accordance with the foregoing
procedure is sufficient preparation for electroplating most
metals upon the zirconium from conventional baths for
electroplating the particular plating metal. The above
etching step is particularly suitable for preparing zir-
conium and zirconium alloy surfaces for subsequent plat-
ing by a metal of the transition group of the fourth
period of the periodic table, such as iron, cobalt or
nickel. Conventional nickel and iron plating baths may
be used to electroplate the zirconium object. The as-
plated adhesion of the electroplated transition metal is
greatly improved by heat treatment to diffuse the plating
metal and the zirconium or zirconium alloy and thereby
produce strong alloy bonds which will resist siresses as
great as 40,000 to 50,000 p. s i. Diffusion-bonded nickel
or iron to zirconium is a satisfactory basis for subse-
quent electroplating of the composite object with other
metals.

The alloy bonds between zirconium and the electro-
plating are formed by heating the plated zirconium object
to elevated temperatures for a substantial time; for ex-
ample a transitional metal-plated zirconium object can
be heated from 5 to 60 minutes at temperatures from
1250 to 1600° F. The strongest alloy bonds between
electroplated mnickel and zirconium are formed in 10
to 45 minutes at 1300° F. The strongest alloy bonds
between electroplated iron and zirconium are formed
in 10 to 45 minutes at 15000° F. Alloying was not ap-
parent at 1100° F. and diffusion at higher temperatures
is difficult to control.

It is desirable to pretreat the composite electroplated
article before subjecting it to high temperatures. For
example, zirconium-electroplated nickel or iron com-
posites are prebaked at 400° F. for more than one hour
in order to remove codeposits of hydrogen. Storing the
composite at room temperature for several weeks is also
an effective pretreatment tc prevent blistering during
subsequent diffusion heat treatment.

Now that we have described the process of the present
invention, it may be further illustrated by the following
examples.

Example 1

A zirconium article was first sandblasted to remove
all scale. An aqueous etching bath was then prepared
by adding 0.66 mole per liter ammonium fluoride and
0.33 mole per liter anhydrous hydrofluoric acid to an
aqueous bath. The bath was heated to about 100° F.
and the zirconium article was then dipped in the bath
for 60 seconds. The article was then removed from
the bath and washed with tap water. Following the
rinsing with tap water, the zirconium article was im-
mersed in a nickel plating bath containing the following
ingredients:
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article was pre-baked at 400° F. for 114 hours.
then heat-treated for 45 minutes at 1300° F.

Example 11

It was

A zirconium article was treated by surface grinding
to remove all scale. The article was then immersed in
an etching bath comprised of 0.49 moles per liter NH4F,
0.49 mole per liter HF, 0.50% Ci2H2sNH3j, and water
for 30 seconds at a temperature of 80° F. The etched
article was then rinsed with water. The article was then
plated in an iron plating bath consisting of the followmg
ingredients:

i Qunces
Ingredients per gallon

Ferrous sulfate, FeSO4+TH0 . . 40
Ferrous chloride, FeCly-4H;0.. 5.4
Boric acid, HaBOs_ . _._._.... 4.0
‘Ammonium sulfate, (NH4)zS 2.0
Sodium formate, HCOON: 2.0
Wetting agent (sodlum la.uryl sulfate) 012H250803Na__ e 0.13

at a pH of 4.0, a temperature of 140° F. and a current
density of 40 amperes per square foot. Upon comple-
tion of the plating operation, the composite article was
removed from the bath and stored for two weeks at
room temperature. It was then heat-treated for 30 min—
utes at 1500° F.

The foregomg process, while it has been described as
applying to zirconium metal and zirconium alloys, is of
course equally applicable to hafnium. In all steps of the
present method hafnium and hafnium alloys react in
exactly the same manner as zirconium and zirconium al-
loys, so that hafnium and hafnium alloys may be cleaned
and plated in exactly the same manner as zirconium.

The foregoing disclosure and examples are merely il-
lustrative of the process of the present invention, but the
scope of the present invention is not to be limited thereby
but only by the scope of the claims appended thereto. '

What is claimed is:

1. A zirconium material etchant comprising an aque-
ous solution containing 0.44 to 1.32 moles per liter am-
monium fluoride and 0.44 to 0.88 moles per liter hydro-
fluoric acid, the ammonium fluoride to hydroflucric acid
ratio lying between 1 and 3, inclusive, and 0.25 to 1 per
cent of an aliphatic amine having the formula -

CrnHan+1NH2

where n lies between 12 and 18, inclusive.

2. The method of applying an adherent metal coating
to a zirconium material object which comprises physicaliy
cleaning the surface of said object, then immersing said
object in a zirconium etching composition comprising
an aqueous solution containing ammonium fluoride and
hydrogen fluoride in a molar ratio of between 1.2 and 3.0,
inclusive, for 10 to 240 seconds at a temperature of 70
to 120° F., then removing said article from the etching
solution and rinsing the surface of said object with water,
then electroplating said zirconium object with a metal,
then heat-treating the composite cbject by heating for
10 to 45 minutes at a temperature between 1200 and
1600° F. :

3. The process of clalm 2 wherein the electroplated
metal is an iron group metal.

4. The process of claim 2 wherein the electroplatmg
metal is nickel.
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5. The process of claim 2 wherem the electroplatmg S

metal is iron,
6.- A method of chemlcally cleanmg zirconium mate-

rial surfaces comprising immersing the “article to- be:
cleaned in a bath containing between 0.25 and 1.0% 5

of an aliphatic amine having the formula CnH2n+1NH2,

where n has a value of 12 to 18 mcluswe, and ammo-

nium fluoride -and hydrofluoric-acid in a molar ratio of

2 711,389 S
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ammonium fluoride to hydrogen fluoride of 1 to 3 for -

at least 10 seconds at a temperature of 70 to 120°°F.
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