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The present invention rélates to a method of forming

a
- present invention is concerned with'a method for produc-
" ing on a lacquer-coverad meiallic body a firmly adhering,
corrosion resistant, refiecting metal coating. ;
" Broadly, the mathed of the present invention is car-
ried cut by vapor deposition in a partial vacuum of an
-intermediate layer coensistiny of a metal oxide, depesition
of s intermediate layer being carried cut in the specific
manner described forther below, and thereafter vapor de-
pesiting an aluminum ceating on the intermediate metal
oxide layer. -
¢ novel features which are considersd as character-

istic for the invention are szt forth in periicular in the

ippended claims. The invention itself, however, both as

to its construction and its methad of operation, togzther
with additional objects and advantsges tbereof, will be
best undersiood from (he following deseription of spocific
embodimenis when read in conncction with ths accon:-
panying dizwing, in wiich the drawing is a fiow dizgram
cof the present method. '

It is primarily contemplated to use {hiz method of the
present inverntica for the forming of coatings on sur-
faces which will be manually contacted and waich vp to
now usnaiy had to be provided with galvanic coatings.

It is an otjzct of the present invention to provide suc
refiecting eluminum ceaiings in a particelarly simple and
economical mannar and so that the thus-fermed alumi-

g wiil be corrosien resistant and firmly adber-

e wiil be
support.,

ing to ils
Decrrative layers

which up to now were formed for
cn vapor deposiied reutralizing intermediate or
separa:ing Javers of zine sulfide, tin oxide, baryllium oxide,
barium suifide, chromium, or silicon oxide possess the
 desired permanency only when not exposed to severe
condidions of wear. Thus, the adberence of the metallic
layer fermed on such conventional sepzrating lavers is
not sufficiently firm, or even when using a chromium
intermediate layer, the decorative, refiecting metalic sur-
facz layer will not wiihstand Lhe severe stresses in a cor-
resion promcting environment to which for instance por-
tions of ani
‘ing the headlights are exposed. to
extent is due to the faci-that such ‘prier art metallic sur-
fzce layers cannot be complziely insulated or el.curically
neutralized. R G o
. It is thus z further object of the present invention to
~provide & method for preducing a metallic reflecting coat-
. ing, particularly an aluminum coating which is not sub-
“ject 10 the above discussed disadvantages of prior art
_-coatings of this Kind. -~ . : -

a
H

* scription and “of the appended claims. .With the above

" Gustav Girtner, Gerlingen, Stuttgart, Rudolf Riikle, :

omobile trim, such as the metal rings surround- -

- . and other objects in view, the pressnt inventioa is con-’
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corrosicn resistant coating and, more particularly, the
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Other objects and alvantages of the present invention °

" will beceme apparent from a further reading of the de- -~ imporiant according to the present invention that in such

- cerned with a mesthod for forming on a lacquer-covered -

.metajlic body 2 firmly adhering, corrosion resistant, re-

- insulated from the metallic body, - - o . ..

- fiecting metal enating, comprising the steps of contacting

" the lacquer-covered body with an oxygen atmosphere

‘maintained st subatmespheric pressure, vaporizing chro- -

mium in the atmosphere so as 1o deposit the same on the,

nn

[OIos

- Tacquer-covered metallic body, the chromium being oxi-
RESISTANT . °
- . body, and forming by vapor deposition an aluminom coat-;

“tained at subatmospheric pressure of about 10—3 mm. Hg,

.mium oxide layer.

burned off, as will be described in more detail - further .

biilty for the localized formation of galvanic clements, .

- applying the intermediate layers, it is still possible as -

: 'A Fatehted Apr. 6, 1865

dized by the oxygen of the atmosphere while being de-
posited 50 as to form a layer of chromium oxide on the

ing cn the layer of chromium oxide, the lacquer covering - -
and the chromium oxide Javer elsctrically insulating the
aluminum coating frem the metallic body.. . S

A preferred manner of carrving out the method of the -
preient invention comprises the steps of contacting the
lacquer-covered body with an oxygen atmosphere rmain-

vaporizing chrominm in the atmospheres so as to deposit
the same on the lacquer-covered metallic body, the chro--.
mium being oxidized by the oxygen of the atmosphere -
while teing deposited so as to form a layer of chromiam "
oxide on the body, forming by vapor deposition in an inert -
argon atmesphere maintained at subatmospheric pressure
of about 10~-2 mm. Hg, the atmosphere being ionized by -
glow discharge, an aluminum coating on the layer of chro- - -
mium oxide, the lacquer covering and the chromium
oxide layer substantially but not compietely electrically
insulating the aluminum cozting from the metallic body" - 3
without, however, completely eliminating the formation ;
of small aluminum bridges extending transversely through -
the chremium exide leyer and the lacquer covering from
the a2iominum coating to the metallic body, electrically
burning ¢ the aluminum bridges so as to completely in-
stlate the aluminum cozling from the metallic body, and
forming by vapor deposition of silicon in an oxygen at-
ryosphere maintained at a stbatmosgheric pressore of - L
auoout 10~ mm. Hg a protective layer of silicon oxides
¢ the zluminum coating. . )

‘According to the present inventior, aluminum coatings .

‘are producad by farming a chromivm oxide covering or

Izyer on the lacguer-covered metailic body by vaper dep-
osition of chromium in a ciulad ‘oxvgen atmosghere.
Thereby it is accomplished that {he vaporized chromium,
whije being deposited, will be transformed into chromium
oxide, Thereafter, an zluminum coating is vapor ds- -
posited on the thus formed chromium oxide layer. When
only porticns of the metallic bady are 1o be thus treated
and, consequently oaly porticns of the metallic body are
lacquer covered, then it is essentiz] to prevent ths forma-
tion of aluminum bridges at 1the edges of the lacquer cover-
ing, since such aluminum edges would form an electrical
contact batween the aluminum ceating and the only par- .
tiaily lacquer-covered metallic body. For this reason, in
cases where not the entire metallic body is covered with
lacquer, it is contemplate according to ike present in-
vention t¢ mask the edze poriicns of the !acquer covering - .
pricr to vapor depesiticn of the aluminum coaling so that, .
after removal of the masking, the edge portion of the -
lacquer covering wiil extend ou wardly beyond the alu-
minum coating and consequenlly lateral contact betwesn - -
the aluminum coating and the metallic body will not .~
occur, T A A
It is frequently unavoidable that cracks or fissures oceur - -
or are formed in the lacquer covering and in the chro-"
Upen vaper deposition of the alumi- . -
aluminum wiill penetrate such cracks or ..
fissures and small bridges wiil be formed, electrically con--"
necting the zluminum coating wiih the metallic body. ‘Itis

num coating

=

cases, these small bridgas are de:troyed, i, electrically

below, in order to maintzin the aliminum coating safely

Basically, corrosion is prevented by avoiding any possi-

However, even by taking the greatest possible care in -




- discussed above, that conducti
. metallic base body. In order to reduce this possibility
" all to replace a current conducting chromium layer—al-

though the samc would possess the desired high degree of
adherence to the underlying lacquer layer as well as to

an clectrically insulating chromium oxide layer.
chromium oxide layer is formed by vapor deposition
of chrumium in a diluted oxygen atmosphere so that

ve bridgcs‘, will be formed.
between the outer decorative metallic coating and the -

3,177,134,

as much 1s possible, the present invention proposes first of -’ '

.. to use natural resin lacquers and it is furthermore also -
the superposed vapor deposited aluminum coating—with -
The -

10

oxidation of the chrominm will take plzace after the same -.

has been vaporized. Thus, the electrically conductive in- S
termediate chromium layer which requires careful insula-

tion, is replaced with a non-conductive chromium oxide
T 1layer-so- that-neither between the aluminum coating and
) the intermediate layer, nor between the intermediate layer
and the metiallic base body a corrosion causing galvanic
element will be formed.__ -

The aluminum coating is preferably epplied by vapor
deposition in an argon atmosphere which is ionized by
glow discharge. et R

In order to assure complete electrical insulation of the
aluminum coating from the metallic base body, any small
metallic, electrically conductive tridges which may con-
rect the aluminum coating with the metallic base body
are then burned off electrically. By thus burning off any
conductive bridges which may have been formed due to
the inadvertent presence of conductive particles in the
intermediate and lacquer layers, or due to penetration of
cracks and pin holes by alum’num, complete electric insu-
lation of the aluminum coating from the metallic base
body is assured. The electrical burning off of such small
bridges can be corried out in various ways, for instance by
discharge of a condenser, ot by application of either direct
or alternating current.  Preferabily, the thus treated bodies
are then subjected to appropriate testing in order to assure
that complete insulation of the aluminum layer has been
achieved. .
—In some cases it is difficalt to preveat corrosion af the
edges of the body which is to be aluminum coated. This
may be due to the fact that the lacquer iaver on such edge

- portions usually-is-very—thin; of poor adhcrence, or may
have torn during drying. Sometimes, pariicularly when
tke metallic base body is formed with sharp edges, the
lacquer layer has receded and the metal 'z sharp edges are
expcsed. For all these rexsons, the inst:laiiun of the alu-
minum coating in the vicisity of such edge portions re-
quired particular cttention. In order to assure electric in-
sulation between the aluinisum coating and the metallic
suppert in the region of i'-2se edge portions, it is pre-
ferred to mask the edge poridons during the vapor deposi-
tion steps, particularly durirg the vapor deposition of
the aluminum coating.

As a further safeguard against corrosion and for addi-
tional protection of the reflecting or mirror-like aluminum
ceating against mechanical attacks, it is also contemplated
according to the present invention to form on the alu-
minum coating a protective layer of silicon oxides formed
by vapor deposition in an cXxygen atmosphere at reduced
pressure of between about 5 10-% and §X 10—3 mm. Hg
under simultaneous ionization by glow discharge. The
degree of partial vacuum which is applied depends in each
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case primarily on the conditions which are required in -

order to maintai:
between the tod:

- the vapors which,
The chromiu:a,
for vapor deposition should have a purity of at lesst 99%,
and in the csse of aluminum preferably of 99.9%. In-

the glow diccharge and on the distance

are to be deposited. - . -

which is to be coated and the source of " °

aluminum and silicon which are used

stead of aluminum, also aluminum alloys containing small - -
quantities of chromium znd/or . magnesium_may be -

_vapcrized. o . _ ‘
" Vaporization of -chromium and silicon in the oxygen
atmosphere, as described above, will result in oxidatien

- oxide layers will be formed. =

. blacque; known in the art. Such lacquers may be based

of ﬂ.u.:-'v'apoi's-.' of tj‘:cse. clements

0 that the Tespective
The meialiic base body may be covered by any suitable:

on synihetic resins, for instance alkyd-melamine resins, -
urea resins or epoxy resins, however, it is also possible .

within the scope of the present invention to cover the
aluminur: coating or the protective layer of silicon oxiaes
ibereon with a suitable transparent lacquer.

The following example is given as illestrative only of

coated is placed into the vapor deposition chamber which
also contains the chromium which is to be vaporized.
The chamber i$ then evacuated at room temperature to -
a pressure not exceeding 510~ mm. Hg. Thereafter,
oxygen gas is introduced into the chamber until the pres-
sure has risen to about 16— mm. Hg. The chromiuom is
then vaporized by electric heating and the thus formed
ckromivm vapors, after reacting with the oxygen atmos- -
phere, will precipitate on the relatively cold lacquer-
covered metallic body. Thereafter, aluminum is intro- )
duced into the chamber and pressurs therein is again ~
reduced to below 5X 10~ mm. Hz. - )
At this very low residual pressurs, the aluminum is
vaporized by being heated clectrically to about 1006° C., .
which may be carried out with a current of a few volts
and about 100 amperes. R
The vagporization ard deposition of aluminum can also )
be carried out in a different manner, namely by intro-
ducing, after cvacuation of the chamber to §x 10— mm.
Hg, argon uniil the pressure rises to about 10-3. During
subsequent vaporization of the aluminum, a potential of
several thousand volts is applied to an electrode located
in the chamter, for instance 2kout 10,000 volts until glow
discharge starts and about 1000 volis thereafter. Thus
produced glow discharge will increase the kinetic energy
of the alumintm vapor so that the same will become
hotter and this will improve the adherence of the alumi-
num coating formed by the deposition of the aluminum
vapors. For instance, as described in (.S. Patent No.
1,710,747, one terminal may be attached to an electrode
located within the vaporization chamber or vessel, and .
the terminal of opposile poiarity may bte attached to the__. -
metal wall of the vaporization vessel. Upon applica-
tion of the above described potential to the two termi-

nals, glow discharge will then take rlaceé between the = |

clectrode and the wall of the vaporization vessel.
Tie thus formed aluminum coating may still include

aluminum bridges cress-secting the chromium oxide and -

lacquer layers and electiically connecling the aluminum
coating with the metallic base body. In order to bum
off these aluminum bridzes, an elestrode of large area
is electrically connected with the aluminum layer and the
opposite pole is connected with the metaliic base body.
Parallel thereto, a concenser of between 4 fo 40 pf. is

-the present invention, without, however, limitiag the in- I
. _ vection to the specific details 'of the éxample. . . B
The lacquer-covered meteilic body which is to be = - §.

PRI

et = 1At o e A8 e
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“arranged jn the circvit, which condenser is first charged : - .

and will then be discharged by comnecting the circuit .-
including the metallic body. This discharge will pass - -
through the above discussed electrically conductive bridges I

and will destroy the same. Preferably, burning off of
the bridges is started with yelatively low voltage and &

small condenser and voltage and condenser capacity are - -

H

!
then increased until all bridges are destroyed. Good re- Lt .
sults were obtained with a series of condensers ranging’ f
. in capacity from 4 to 40 uf. and from 20 to 150 volts. .1

However, these values are not necessarily limiting. MRS
“After the aluminum coating has been applied as de- o

-scribed above and the conductive bridges have been burned

off, the thus coated body is lacquered, or a protective
layer of silicon oxides is applied by vapor deposition in_ -

~a maoner similar to the formation of the intermediate

cbromium oxide layer described above, except that, of ..




course, the chro
silicon

— oY

mium as Starting material is ;éplacéd by

co s17ra8e

<. Without further analysis, the forégoing will so fully -

reveal the gist of the present invention that others can

by applying current knowledge readily adapt it for vari- .
" ous applications without omitiing features that, from the .

standpoint of prior art. {airly constitute essential charac-
_ teristics of the generic or specific aspects of this invention
. and, tnerefore, such adaptations should and are intended

to be comprehended within the meaning and range of

equivalence of the fcllowing claims. —- .

What is claimed as new and desired to be secured by
Letters Patent is: . ) ’

1. A method for forming on a lacquer-covered metallic
body a firmly adhering, corrosion resistant, reflecting
metal coating, comprising the steps of contacting said
lacquer-covered body with an oxygen atmosphere main-
“tained at subatmospheric pressure; vaporizing chromium
in said atmosphere so as to oxidize vaporized chromium
and to form a layer of chromium oxide on said lacquer-
- covered metallic body; and forming by vapor deposition
an aluminum coating on said layer of chreminm oxide,
the lacquer covering and said chromium oxide layer elec-
trically insulating said alominum coating from said metal-

1" 4 ,
lic body.

2. A methoed for forming on a2 lacquer-covered metallic
body a firmly adhering, corrosion resistant; refiecting metal
coating, comprising the steps of contacting said lacquer-
covered hody with an oxygen atmosphere maintained at
subatmospheric pressure of about 10~3 mm. Hg; vaporiz-
ing chromivm in said atmospbere so as to oxidize va-
porized chroemium and to form a layer of cromium oxide
on said lacquer-covered metallic body; and forming by
vapor depositicn an aluminum coating on szid layer of
chromium oxide, the lacquer covering and said ckromi-
um oxide layer electrically insulating said aluminum
coaling from said metallic body.

3. A method for forming on a lacquer-covered metallic

body a firmly adhering, corresion resistant, refiecting
metal coaling, comprising the siegs of contacting said
lacquer-covered body with-am-oxygen atmosghere main-
tained at subatmospheric pressure; vapsorizing chromivm
“insaid atmosphere so 2s to oxidize vanorized chremium
and to form a laver of chromium oxide on said lacquer-
covered metallic body; and formirg by vapor depesition
in an inert atmosphere maintained at subatmespheric
pressure an aluminum coating on szid Inver of chromium
oxide, the lacquer covering and said chromium oxide
layer electrically insulating said alaminum coating from

said metallic body. .
. .4.. A mcthod for forming on a lazguar-covered metallic
bedy a firmly adhering. corrosion resistant, refiecting
me:al coating, comprising the steps of contacting said
lacquer-covered body with an oxygen atmosphere main-
tained at subatmospheric pressure; vaporizing chromium
in said atmosphere so as to oxidize vaporized chrornium
and to form a laver of chromium oxide on said-lacquer-
covered metallic body; and forming by vapor deposition
" in an inert atmosphere muaintained at subatmospheric
pressure, sa2id atmosphere being jorized by glow discharge,
, " an aluminum coating on said layer of chromium oxide, the
© 17 lacquer covering and said chromium oxide layer elec-
- trically insulating said alumipum coating from said me-

- 1allic body. - P .

.7 5. A methor for forming on a lacquer-covered metallic
~:".'body a firmly adhering, corrosion resistant, reflecting
- metal coating, comprising the steps of contacting said
" lacquer-covered body with an oxygen atmosphere main-
"+ tained at subatmospheric pressure; vaporizing chromium
-in said atmosphere sc as o oxidize vaporized chromium
and t7 form a layer of chromiuvm oxide on said lacquer-
. wovered metallic body; and forming by vapor deposition
in an inert argon aimosphere maintained at subatmos-
pheric pressure of about 10-3 mm. Hg an aluminum
coating on said layer of chromium oxide, the lacquer
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'cqvcring and said chromivm oxide iaytr clcctrica]iy in-
sulating said aluminum coating from said metallic body.

_ metal coating, comprising_thesleps of ‘contacting said

" said metallic body. . - :

e

6. A method for forming on a lacquer-covered metallic ",
body a firmly adherizg, corrosion resistant, reflecting -

lacquer-covered body with an oxvgen atmosphere main- Lo
tained at subatmospheric pressure; vaporizing chromivm . - o
in said atmosphere s¢ as to oxidize vaporized chromium ~ ¢ ;
and to form a Jayer of chromium oxide on said Iacquer-\. oo
covered metallic tody; forming by vapor deposiiion an :
aluminum coating on said layer of chrumium oxide, the . |
lacquer covering and said chromium oxide layer substan~ = ~ - !
tially but not completely electrically insulating said alu- . ~. . ;
minum coating from said metallic body; and electrically -
burning off aluminum bridges extending transversely R

i

{

through said chromiim oxide Iayer and said lacquer cov=
ering from said aluminum coating.to said metailic body
50 as to completely insulate said aluminum coating from
said metallic body. '

7. A method for forming on a lacquer-covered metallic
body a firmly adhering, corrosion resistant, teflecting
metal coating, comprising the steps of contacting ~said
lacquer-covered body with an oxygen atmosphere mains_ = |
tained at subatmospheric pressure of about 10-3 mm. Hg ™%
vaporizing chromium in said atmosphere so as to oxidize o
vaporized chremium and to form a layer of chromijum
oxide on said lacquer-covered metallic body; forming by
vapor deposition in an inert argon atmosphere maintained
at subatmospheric pressure of about 10-3 mm. Hg, said
atmosphere being jonized by glow discharge, an aluminum .
coating on s2id layer of chromium oxide, the lacquer
coverilg and sz2id chromium oxide layer substantialiy but
not compietely electrically insulating said aluminum coat-
ing from said metallic bedy; and electrically burning off
aluminum bridges extending transversely through said
chromium oxide layer and said lacquer covering from
said aluminum coating to said metallic bedy so 23 to
complelely insulate said aluminum coating from said me-
tallic body.

8. A method for forming on a Jacquer-covered portion
of a metallic bedy a firmly adhering, corrosion resistant,
reflecting metal coating, comprising the steps of masking
the peripheral portion of said lacquer covering; contact-
ing said lacquer-covered porfion of said body with an
oxygen atmosphere maintained at subatmospheric pres-
sure, vaporizing chromium in said atmosphere so as to
oxidize vaporized chromium and to form a layer of chro-
mjum oxide on said lacquer-covered metallic bady; and
forming by vaper deposition on aluminum coating on
said layer of chromium oxide, the lacquer covering, the
masking of the peripheral portion thereof and said chro-
mium oxide layer electrically insulating said aluminum
coating from said metallic bedy. -

9. A method for forminz on a lacquer-covered portion
of a metallic bedy a firmly adhering, corrosion resistant,
reflecting metal coating, comprising the steps of con-
tacting said acquer-covered body with an ‘oxygen aimos- -

y
~N

‘phere maintained at- subatmibspheric pressure; vaporiz<
“ing chromium in said atmosphere so as to oxidize vapor-

ized chromium and to form a layer of chromium oxide on
said lacquer-covered metallic body, masking the periph-
eral porticn of szid lacquer covering; and forming by

-vapor degositicn an aluminum coating on said layer of

chromium oxide, the lacquer covering, the masking of S
the peripheral portion thercof and said chromium oxide - -
layer electricaily insulating said aluminum coating from

10. A method for forming on a lacquer-covered metal-
lic body a firmly adlering, corrosion resistant, rafecting
metal coating, comprising the steps of contacting said s
lacquer-covered body with an oxyger atmosphere main- -

_ tained at subatmospheric pressure; vaporizing chromium

-7

in said atmosphere so as to oxidixe vaporized chromivm . -

. and to form a layer of chromiom oxide on said lacquer-

covered metallic body; forming by vapor deposition an



lacquer covering and said chromium oxide layer elec-
trically insulating said aluminum coating from said metal-
lic body; and forming by vapor deposition of silicon in
an oxygen atmosphere maintained at subatmospheric
pressure a protccuvc layer of silicon oxxdcs op said
aluminum coating.

11. A method for forming on a Iacqucr—covercd metal-
- lic body a firmly, adhcnng, corrosion resistant, reflecting
metal coating, comprising the steps of contacting said
lacquer-covered body with an oxygen atmosphere maip-
tzined at subatmespheric pressure; vaporizing chrominm
in said atmosphere sc as to oxidize vaporized chromium
and to form a layer of chrominm oxide on said lacquer-
covered metallic body; forming by vapor deposition an
aluminum coa.mg on said layer of chromivm oxide, the
lacquer covering and said chromium oxide layer elec-
trically insulating said aluminum coating from s2id metal-
lic body; and forming by vapor deposition of silicon

'.aluxmnum coahng on saxd layer of chroxmum ox:de, !he-'- .

8 177 134

e

phcrc mamtamcd .‘t subatmosphenc prcssurc of about'f-

. 10=* 'mm. Hg, sa'd atmosphere being ionized by glow .

10

15

in ap oxygenm atmosphere maintained at subatmicspheric 20

pressure of about 104 mm. Hg a protective luy.r of
silicon oxides on said aluminum coating.

12. A method for forming on 2 Iacquer-covercd mefal-
lic body 2 firmly adhering. ccrrosion resistant, reflecting
metal coating, comprising the steps of contacting said
lacquer-coverad body with an oxygen atmosphere maip-
tzined at subatmospheric pressure of about 10-3 mm.
Hg; vaporizing chromium in said atmosphbere so as to
exidize vaporized chromivm and to form a layer of
chromium oxide on said lacquer-covered matallic body;
forming -by vapor deposition in an ipert argon atmos-

25

30

discharge, an alumintun coating on said layer of chromi- ..
- um oxide, the lac
layer substantially but not completely electrically in- :°.
body; o
electrically burning off aluminum bridges extending trans- © -

quer covering and said chromium oxide-
sulating said aluminum coating from said metalliz

versely through said chromium oxide isyer and said -
lacquer covering from $aid aluminum coaling to said
metailic body s0 as to completely insulate said alumi-
num coating from said metallic body; and. {orming by
vapor deposition of silicon in an oxygen aimosphere
maintained at a subatmospheric pressure of about 10—+
mm. Hg a protective layer -of smcon oxides on szid -
2luminum coatmg - ‘
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