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THis: invention: relates- to- the- production of:
proteetive and decorative: eléctrodeposited: coatz-
ings-on-base ‘metals-which' would ‘otherwise-cor=-
rode or exhibit an- umattractive: appearance:
More-specifically, the: invention relates . to-mul- 5
tiple=layer: protective: and’ decorative: coatings:
adapted to be applied over- steel’ or -other -base:
metal by-electrodeposition- successively-from- dif-
ferent plating solutions.

The most common' protective and- decorative
coating heretofore used consists of chromium:.over-
nickel applied.directly on the base metal:to a
thickness of about a thousandth of an inch or
more, or-chromium over nickel applied. over a
coating of.copper. These nickel .or-nickel~over-
copper coatings, when applied to a sufficient
thickness-and:buffed, or when the.nickel is: ap-
plied. from a solution containing a. brightening:
addition agent; are quite satisfactory for: chro-
mium plating. Nickel, however, is expensiverand
sometimes. difficult to obtain. A need therefore
exists for a-protective and decorative coatinghav-
ing substantially the protective and: decorative:
effect of nickel but which can be. produced at
a lower cost and from materials which areless= 25
expensive and less difficult to obtain.

Various: metals have been considered: as: re-
placements. for nickel, but difficulties-have-always:
been encountered. Among the other: metals
which have- been considered, lead is attractive 30
from the standpoint of cost, but is soft and-diffi-
cult to buff to a:bright finish. Antimeny: also has
been seriously considered, since it is harder than
lead; affords' good :protection: against- corrosion;
and is readily buffed. Like nickel; antimony-will* 85
tarnish if exposed to outside atmospheres- and:
should therefore be protected. It.was:amn: ob-
vious procedure to try protecting an antimony
deposit by applying a chromium, deposit.-.there-
over in accordance with the practice:im; nickel: 40
plating, chromium over nickel over steel.being
a very common type of coating for automobile
trim, plumbing fixtures and many other. uses.
When, however, it was attempted: to, electro-
deposit chromium on a bright (image refleeting) - 45
antimony;surface it was found that thesresulting
chromium deposit was not bright.

Prior to the-present invention it-was-discovered
that a bright. chromium deposit can be- applied:
over a bright antimony surface:by: interposing 50
between. .such. antimony surface and the. chro-
mium a very thin nickel (or equivalent) deposit.
Such nickel .deposit, it was discovered, could be
exceedingly. thin, for example, as thin: ass 0.002¢
mil (0.000002 of an inch) and must.not-becvery
thick. The.nickel deposit could be produeed in
any of various-nickel plating. solutionsssuch as
the Watts bath. Deposits from the Watts.nickel
solution on.a bright antimony surface.were.found
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to- bes bright: up: to-a thickness:of” 0703 mil. A«
heavier- déposit' of* ni¢Kel, for- example:suehi-as:
normally: used’ for: automobilé ‘decoration; thath
iss a-dépositzin the:order:ofone: mil in-thickiress;
was- not: satisfactory for: use:betweern: e anti--
mony: and: chromium: Suck: deposits- exhibit:
poor: adhierence; even:tendto fiake: off? after-the~
chromium: deposit: is« applied:

It Has:now-been:discovered in accordance with:
the: present: inventions that-in: the case of® thex
avove:deseribed: plating: sequence, tiat: is; chro=-

ium:overa niékel flash: over-bright:antimony:
over léad . or equivalent:-over« steel; a: markedly:

- inereased resistance-to .corrosion:is-obtained if7a-

flash of nickel:is applied:to-tHe:steel®and’ then:
followed: i turn: by lead: briglit> antimony; a
ni¢kel flask- and chromiam:  Ifr other wordsy a-
bright:and:highly-corrosion resistant:coating” iss
obtained’ by: the=use-of’ chiromiim over-a- nickel”
fiash over:bright antiinony-over:léad‘over-amitkel-
flash om a- steel!object: to-bescoated: The:lead”
layer may be omitted if the:steel is: roughened”
before- application - of’ the: nickel- flagh thereon,
but’ the’conditions are:more: criti¢al and:results:
not- reliagble. ,

Ordinarily, the-bright: antimony surface willt
have: been produced’ by-buffing and’ then: thor=
oughly- cléaning- an- electrodeposit - of’ antimony;
the-production: of whi¢h as:an adberent: coating:
on steel is-known to tHe‘art. For-exampley Bloom:
(U: S¢ Patent'No. 2,389,131) deseribes® a: method*
of “etching-the-steel and’plating-on: thesresultiney
surface from:-an'antimony trifiuoridé bath con=
taihing-a- monovalént- fluoride: and* operating:at®
o pH ‘somewhat-below-6:0. By-the use>of “suits-
able -addition- agents-bright* (as-plated) - deposits”
of  antimony- can- be: obtained: The~ partiéular-
plating=selutions’by means: of-whichthe-antimony-
and- othier-deposits-are-produced do-not; per-se;
form- any part- of ‘thes present’ invention. Lead;
nickel, chiromittm; antimony, ete: plating-areswell*
established arts-and* no novel’ plating: solittions-
are- essential to- the- realization- of ' the- present: -
invention:

I the primary-object-is-toform- a* protective’
and-decorative coating on'steel; brass, copper or-
the- like; a- very excellent  procedure-is-to apply:
first & flash- of ‘nickel or-cobalt; then-an-electro=
déposit of‘lead; tin, sitver-or-alloys thereof which*
are- easily-applied- over- nickel. AiHerent- anti- -
mony - déeposits: are- easily- appliéd- to buffed” or-
unbuffed lead; tin-or silver; or-léad, tin-or silver-
alloy- eleetrodeposits: in' the- form: of” adherent”
coatings:whieh can:be:readily bufféd’to-a high:
lustre:. On the:bufféd antimony, there:may: be:
then- applied: a. very 'thin coating: of nickel: or
cobalt, or less desirably, zine, copper; white:brass:
or-iron:. QOverrthesresulting: thin: depositsthere
is-applied: an:electrodeposited: coating : of? chiroe- .
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mium, suitably of a thickness of the order of
0.01 mil, which will not be dull, as in the case
where it is plated directly on polished antimony,
and which will not cause a separation of the
thin nickel (or the like) deposit from the anti-
mony, as when relatively heavy deposits of nickel
are applied on the antimony and followed by
chromium.

So far as I am aware, no one has heretofore
suggested the plating sequence herein disclosed
having the protective value as above indicated.
It is perhaps surprising that a chromium deposit
would not turn out bright when applied over
highly polished antimony, but that has been
found to be what happens; and while it would
be expected from nickel plating practice that
& bright chromium deposit could be applied on
& bright nickel surface, it is surprising that an
ultrathin layer of nickel but not a heavy layer

thereof would result in overcoming the tendency ¢

of chromium to plate dull over polished anti-
mony and at the same time retain satisfactory
adhesion in the case of thin layers (but not in
the case of thick layers) of nickel or cobalt.
It is surprising also that an ultrathin layer of
nickel or cobalt applied between the steel and
the lead deposit or between roughened steel and
the antimony deposit would result in extraor-
dinarily improved corrosion resistance, far be-
yond what could be expected merely from the
thickness of such a nickel flash itself.

In the accompanying drawing, the figure is a
schematic representation of a multiple-layer
deposit according to the invention, wherein the

thicknesses are greatly exaggerated, and wherein .

the buffing step is indicated by a schematic rep-
resentation of a buffing-wheel applied on the
surface which is buffed.

In the drawing, the numeral 10 indicates the

base metal to be coated, which as indicated, may -

be steel, copper brass, or the like. Electrode-
posited on the base metal body {0 is a thin layer
11 of nickel or cobalt which may be of & thick-
ness from 0.06 to 0.1 mil. This layer can be
heavier, say up to .5 mil, but it is not necessary
to use any more nickel or cobalt than indicated.
Electrodeposited on the nickel flash coating is the
optional layer 12 of lead, which, it is to be under-
stood, may be omitted if suitable care is taken
to apply a strongly adherent coating of antimony
on the nickel or cobalt flash coating. Also the
lead coating 11 may be replaced by tin or silver.,
The antimony deposit (3 must be strongly adher-
ent as it will be if applied over lead, tin or silver,
and should be of a thickness great enough that,
upon being buffed, there is no danger of cutting
through and exposing the underlying layer. The
antimony deposit normally may be of a thickness
of about 0.3 mil, and preferably is of a thickness
of the order of 0.5 to 2.0 mils. A thickness from
0.75 to 1.5 mils should prove adequate for any
reasonable amount of buffing. The antimony de-
posit is buffed to a bright finish, as indicated by
the schematic indication of a buffing wheel 14 in
contact with its surface, and thereafter there
is applied the ultrathin coating 15 of nickel or
cobalt (less desirably copper, zine, iron or white
brass). This coating may be of a thickness from
-001 to .05 mil, but preferably is from 0.002 to 0.03
mil in thickness. The chromium deposit 16 is
applied over the ultrathin coating 15 of nickel,
cobalt or the like and may be of a thickness from
0.001 to 0.02 mil.

While the nickel flash under chromium and
over bright antimony on lead on steel is not per
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se a part of the present invention, the fact that
its deleterious effect on corrosion resistance can
be overcome by a flash of nickel between the
steel and the lead is believed not to have known
heretofore. The effect is marked and goes be-
yond any mere additive effect of the thin nickel
coating. It was found for example that .01 mil
of chromium on 1.0 mil of antimony (buffed) on
-2 mil of lead on steel exhibited a salt spray re-
sistance of 100 hours but was not bright,. Applying
.003 mil of nickel or cobalt over the buffed an-
timony and under the chromium gave good
brightness and adherence but the salt spray re-
sistance was reduced to 40 hours. Applying .06
mil of nickel between the steel and the lead in
addition to the nickel flash between the antimony
and the chromium, the salt spray resistance went
up to 100 hours. This amount (0.06 mil) of nickel
on steel as the only coating would resist salt
spray only from 2 to 4 hours.

Cobalt in similar thicknesses was found to be
the equivalent of nickel for the flash on the steel
except for its higher cost.

Plating solutions suitable for the electrodeposi-

¢5 tion of antimony, lead, nickel, cobalt, zine, iron,

copper and white brass are as follows:

(1) SbFs ____ . ___ 250 g./1
NH«F __ . __. 200 g./1
PH . 4.5
Temperature _____________ 130° F.

(2) SbhF3(NH) 2804 __________ 400 g./1
PH . 15
Temperature _____________ 130° F.

3) PeBF2 . __________ 33.5 o0z./gal.
HBFs _____ . _____. 10.7 oz./gal.
WBO: . 3.0 oz./gal.
Gluwe _____________________ .03-.06 o0z./gal.
Temperature _____________ Room

(4) NiSO4.6H20 ______________ 250 g./1
NiCl6H20 _______________ 35 g./L

HsBOs . ________ 35 g./1
PH . 4.0
Temperature .____________. 120° p.

(5) NiS04.6H20 ______________. 100 g./1
NiCl26H20 _._____________ 15 g./1.
HBOs . ________. 30 g./1
PH . 3.0
Temperature _____________ Room

The antimony surface must be well cleaned be-
fore nickel is applied.

(6) CoCl2.6H:O _______________ 100 g./1
NHWFHF _______ . 20 g./1.
PH 3.0
Temperature _____________ 130° F.
(1) Zn(CN)z - ________ 60 g./1
NaCN __ . ______ 42 g./1
NaOH _________ 79 g./1.
NaoS . 0.75 g./1
Temperature ______________ 80° F.
(8) FeSO4TH:O ______________. 200 g./1
NaBFy ___________________ 40 g./1
pH . 3.0
Temperature .____________ 130° F.
9 CuCN _______ 22 g./L
Free Cyanide _____________ 7.5 g./L
Water ___________________ Remainder
PH _____ . 12
Temperature _____________ 140° P,
10) Zn(CNY2 _________________ 60 g./1
CulCNY2 _________________ 14 g./1
NeOH ___________________. 60 g./1
NaCN ________ .. 52 g./1.
Na:80s . _______________. 0.48 g./1
Temperature _____________ 90° F.
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Having thus described the invention, what is
claimed is:

1. A process comprising electrodepositing on a
metallic surface of the class consisting of steel,
brass and copper a layer of a metal of the class
consisting of nickel and cobalt and mixtures
thereof of a thickness from .02 to .2 mil, forming
on said layer an adherent coating of a metal of
the class consisting of lead, tin and silver, said
coating being applied by electrodeposition, form-
ing on said last mentioned coating a bright coat-
ing of electrodeposited antimony, forming on
said bright antimony coating a film of a metal
of the class consisting of nickel, cobalt, zinc, iron,
white brass and copper of a thickness from .001 to
.05 mil, said film being applied by electrodeposi-
tion, and electrodepositing a layer of chromium
over said film.

2, A process comprising electrodepositing on
steel a layer of nickel of a thickness from .02 to
.2 mil, forming on said layer of nickel an ad-
herent coating of lead, said coating being ap-
plied by electrodeposition, forming on said last
mentioned coating a bright coating of electro-
deposited antimony, forming on said bright an-
timony coating a film of nickel of a thickness
from .001 to .05 mil, said film being applied by
electrodeposition and electrodepositing a layer of
chromium over said film.

3. A process comprising electrodepositing on a
metallic surface of the class consisting of steel,
brass and copper a layer of a metal of the class
consisting of nickel and cobalt and mixtures
thereof of a thickness from .02 to .2 mil, forming
on said layer an adherent coating of a metal of
the class consisting of lead, tin and silver, said
coating being applied by electrodeposition,
forming on said last mentioned coating a bright
coating of anftimony, said coating being applied
by electrodeposition and then buffed to bright-
ness, forming on said bright antimony coating a
film of a metal of the class consisting of nickel,
cobalt, zine, iron, white brass and copper of a
thickness from .001 to .05 mil, said film being ap-
plied by electrodeposition and electrodepositing
a layer of chromium over said film.

4, A process comprising electrodepositing on
steel a layer of nickel of a thickness from .02 to .2
mil, forming on said layer of nickel an adherent
coating of lead, said coating being applied by
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electrodeposition, forming on said last mentioned
coating a bright coating of antimony, said coat-
ing being applied by electrodeposition and then
buffed to brightness, forming on said bright
antimony coating a film of nickel of a thickness
from .001 to .05 mil, said ilm being applied by
electrodeposition and electrodenositing a layer of
chromium over said film.

5. A laminated, metallic, bright, protective
coating on a metal base of the class consisting of
steel, copper and brass consisting of a firmly ad~-
herent layer of a metal of the class consisting of
nickel, cobalt and mixtures thereof of a thickness
from 0.2 to .2 of a mil, a layer of the class consist~
ing of lead, tin and silver of a thickness from 0.1
to .7 mil overlying and adherent to said last men-
tioned layer, a firmly adherent layer of antimony
on said last mentioned layer and having a bright
surface, a film of a metal of the class consisting
of nickel, cobalt, zine, iron, white brass and cop-
per of a thickness from .001 to .05 mil firmly ad-
herent to said bright surface and a layer of fully
bright, unbuffed chromium of a thickness from
.003 to .03 mil firmly adherent to said film.

6. A laminated, metallic, bright, protective
coating on steel consisting of a firmly adherent
layer of nickel of a thickness from .02 to .2 mil,
a layer of lead of a thickness from 0.5 to .7 mil
overlying and adherent to said last mentioned
layer, a firmly adherent layer of antimony of a
thickness from 0.0003 to 0.002 of an inch on said
last mentioned layer and having a bright surface,
a film of nickel of a thickness from .001 to .05 mil
firmly adherent to said bright surface and a layer
of fully bright, unbuffed chromium of a thickness
from .003 to .03 mil firmly adherent to said film.

ARTHUR H. DU ROSE.
JOHN D. LITTLE.
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