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The present invention relates to a method of forming 
present invention is concerned with a method for produc 
ing on a lacquer-covered metallic body a firmly adhering, 
corrosion resistant, reflecting metal coating. 

Broadly, the methcd of the present invention is car 
ried out by vapor deposition in a partial vacuum of an 
intermediate layer consisting of a metal oxide, deposition 
of this intermediate layer being carried cut in the specific 
nanner described further below, and thereafter vapor de 
positing an aluminuin ceating on the intermediate metal 
cxide layer. 

e govel features which are considered as character 
istic for the invention are sat forth in particular in the 
appended claims. The invention itself, however, both as 
to its construction and its method of operation, together 
with additional objects and advantages thereof, will be 
best understood from the following description of spacific 
elbodiments when read in connection with the accor:- 
anying drawing, in which the drawing is a fic w diagrarin 

of the present method. 
It is primarily contemplated to use the method of the 

present inverticin for the forming of coatings on sur 
faces which will be mantially contacted and which up to 
now usilaliy had to be provided with galvanic coatings. 

It is an orject of 1he prescit invention to provide suc 
refecting aluminum coatings in a particularly signple and 
economical. Inannar and so that the thus-fcrinned aluini 

coating wiil be corrosion resistant and firmly adher 
liport. 

layers which up to now were formed for 
apo deposited citralizing intern ediate or 

ayers cf zinc sulfide, tin oxide, beryllium oxide, 
je, chroniuin, or silicon oxide possess the 

s: Hanercy cnly when not exposed to severe 
conditions of w'ear. Thus, the adherence of the metallic 
layer formed on such conventional separating layers is 
not sufficiently firm, cr even whsn using a chronium 
internsdiate layer, the decorative, refecting metallic sur 
face layer will not withstand the severe stresses in a cor 
rcsion proficting environment to which for instance por 
tions of a tutomobile trim, such as the metal rings surround 

This to a considerable ing the headlights are exposed. -- 
extent is due to the fact-that such prior art metallic sur 
face layers cannot be completely insulated or el-curically 
neutralized... . . . . . . . . . . . . 

It is thus a further object of the present invention to 
p: gvide a method for producing a metallic reflecting coat 
ing, particularly an aluminum coating which is not su 
ject to the above discussed disadvantages of prior art 

. . coatings of this kind. . . . 

scription and of the appended claims. With the above 
and other objects in view, the present invention is con 

Germany, assignors to Robert Bosch G.m.b.H., Stutt 

Other objects and alvantages of the present invention 
will become apparent from a further reading of the de 

d States Patent O ffice , 

5 

0 

a corrosion resistant coating and, more particularly, the 
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important according to the present invention that in such 

cerned with a method for forming on a lacquer-covered 
metallic body a firmly adhering, currosion resistant, re 
fiecting metal coating, comprising the steps of contacting 
the lacquer-covered body with an oxygen atmosphere. 
maintained at subatncspheric pressure, vaporizing chro 
mium in the atmosphere so as to deposit the same on the 

lacquer-covered metallic body, the chromium being oxi 
RESISTANF, 

body, and forming by vapor deposition an aluminun coat 

aluminum coating frcm the netallic body. 

tained at Subatmospheric pressure of about 10-3 mm. Hg, 

buried off, as will be described in more detail further 

insulated from the metallic body. . . . . . . . . 

applying the intermediate layers, it is still possible as . . . . 
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dized by the oxygen of the atmosphere while being de 
posited so as to form a layer of chronium oxide on the . 

ing cn the layer of chromiurn oxide, the lacquer covering -: 
and the chromium oxide layer electrically insulating the 

A. preferred manner of carrying out the method of the 
pretent invention comprises the steps of contacting the . 
lacquer-covered body with an oxygen atmosphere main 
vaporizing chronium in the atmospheres so as to deposit is 
the Sane on the lacquer-covered metallic body, the chro-, 
mium being oxidized by the oxygen of the atmosphere 
while being deposited so as to form a layer of chronium 
oxide on the body, forming by vapor deposition in an inert . . . 
agon atmosphere maintained at subatmospheric pressure . 
of about 10 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 completely electrically 
insulating the aluminun coating from the metaic body . . 
without, however, completely eliminating the formation 
of small aluminum bridges extending transversely through 
the chronium oxide layer and the acquer covering from 
the aiminum coating to the metallic body, electrically 
burning cff the aluminum bridges so as to completely in 
Suate the aluininurn coating from the metallic body, and . . 
for:ning by vapor deposition of silicon in an oxygen at 
rosphere Taintained at a subatmospheric pressure of . 
acout 10 min. Hg a protective layer of silicon oxides 
c the aluminum coating. - . 

According to the present invention, aluminum coatings . 

: 

are produced by forming a chronium oxide covering or 
Jayer on the lacquer-covered metallic body by vapor dep 
osition of chroniin in a di:ited oxygen atmosphere. 
Thereby it is accomplished that the vaporized chronium 
while being deposited, will be transferned into chromium 
oxide, Thereafter, an alurninthin coating is vapor de 
posited on the thus formsd chronium oxid layer. When 
only Forticins of the metallic body are to be thus treated 
and, consequently oily portions of the metallic body are 
lacquer covered, then it is essential to prevent ths forma 
tion of aluminum bridges at he edges of the lacquer cover 
ing, since Such aluminum edges would form an electrical 
contact between the aluminum coating and the only par- . . ; 
tially lacquer-covered metailic body. For this reason, in 
cases where not the entire metallic body is covered with 
Jacquer, it is contemplated according to the present in 
vention to mask the edge portions of the acquer covering . . . 
Prior to vapor depositicn of the aluminum coating so that . 
after removal of the nasking the edge portion of the 
Jacquer covering will extend outwardly beyond the alu- . . . 
minum coating and consequently lateral contact between 
the aluminuti coating and the metallic body will not 

It is frequently unavoidable that cracks or fissures occur. . 
or are formed in the Jacquer covering and in the chro 
ill oxide layer. Upon vapor deposition of the alumi- ". . ; 
num coating, aluminum will penetrate such cracks or 
fissures and Small bridges wiil be formed, electrically con 
necting the aluminum coating with the metallic body. It is 
cases, these small bridges are destroyed, i.e., electrically 
below, in order to maintain the aluminum coating safely . 

Basically, corrosion is prevented by avoiding any possi 
city for the localized formation of galvanic elements. 
However, even by taking the greatest possible care in . 

  

  

  

  

  

  

  

  

  

  

  

  

  



discussed above, that conductive bridges will be formed 
metallic base body. In order to reduce this possibility 
as much as possible, the present invention proposes first of . . 
all to replace a current conducting chromium layer-al 
though the sanc would possess the desired high degree of 
adherence to the underlying lacquer layer as well as to 
the superposed vapor deposited aluminum coating-with 

The an electrically insulating chromium oxide layer. 
chromium oxide layer is formed by vapor deposition 
of chromium in a diluted oxygen atmosphere so that 
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oxidation of the chromium will take place after the same . 
has been vaporized. Thus, the electrically conductive in 
termediate chromium layer which requires careful insula- . 
tion, is replaced with a non-conductive chromium oxide 
layer-so that neither between the aluminum coating and 
the intermediate layer, nor between the intern ediate layer 
and the metallic base body a corrosion causing galvanic 
element will be formed. 
The aluminum coating is preferably applied by vapor 

deposition in an argon atmosphere which is ionized by 
glow discharge, . . . . . . . . . 

In order to assure complete electrical insulation of the 
aluminum coating from the metallic base body, ally small 
metallic, electrically conductive bridges which may con 
nect the aluminum coating with the metallic base body 
are 1hen burned off electrically. By thus burning off any 
conductive bridges which may have been for reed due to 
the inadvertent presence of conductive particles in the 
intermediate and lacquer layers, or due to penetration of 
cracks and pin holes by aluminum, 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 carried out in various ways, for instance by 
discharge of a condinser, or by application of either direct 
or acrnating current. Preferabiy, 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 difficult to preveit corrosion at the 
edges of the body which is to be aluminum coated. This 
may be due to the fact that the lacquer ayer on such edge 
portions usually is very-thin, of poor adhcrence, or may 
have torn during drying. Sometimes, particularly when 
the metallic base body is formcd with sharp edges, the 
acquer layer has receded and the metalc sharp cdges are 
exposed. For all these reasons, the insl:a::Jn of the alu 
minum coating in the vi'i:ity of such edge portions re 
quired particular attention. In order to assure electric in 
sulation between the aluinium coating and the metallic 
support in the region of i'.2se edge portions, it is pre 
ferred to mask the edge p?):tions during the vapor deposi 
tion steps, particularly dirg 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 
coating 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 oxygen atmosphere at reduced 
pressure of between about 5X 10 and 5x 10 mm. Hg 
under simultaneous ionization by glow discharge. The 
degree of partial vacuum which is applied depends in each 
case primarily on the conditions which are required in 
order to maintai: the glow discharge and on the distance 
between the bod: which is to be coated and the source of the vapors which are to be deposited. . . . 
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The chroniu::... aluminum and silicon which are used 
for vapor deposition should have a purity of at least 99%, 
and in the case of aluminum preferably of 99.9%. In 
stead of aluminum, also aluminum alloys containing small . . . 
quantities of clhronium and/or magnesiurn may be 
vapcrized. . . . . . . . . 

Vaporization of chromium and silicon in the oxygen 
atmosphere, as described above, will result in oxidation 5 

of the vapors. of these clements so that the respective. 
between the outer decorative metallic coating and the ... . . . . . . . . . 

lacquer known in the art. Such lacquers may be based. 

to use natural resin Jacquers and it is furthermore also 
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oxide layers will be formed. . . . . . . . . . . . . 
The metalic base body may be covered by any suitable. 

on synthetic 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 
aluminum coating or the protective layer of silicon oxides . 
ibereon with a suitable transparent lacquer. 
The following cxample is given as illustrative only of 

the present invention, without, however, limiting the in 
vention to the specific details of the example. . . 
The lacquer-covered met...lic body which is to be 

coated is placed into the vapor deposition chamber which 
also contains the chromium which is to be vaporized. 
The chamber is then evacuated at room temperature to 
a pressure not exceeding 5X10 mm. Hg. Thereafter, 
Oxygen gas is introduced into the chamber until the pres 
Sure has risen to about 10: mm. Hg. The chromium is 
then vaporized by electric heating and the thus formed 
chromium 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 pressure therein is again 
educed to below 5x10-4 mm. Hg. 
At this very low residual pressure, the aluminum is 

vaporized by being heated clectrically to about 1000 C., . 
which may be carried out with a current of a few volts 
and about 100 amperes. . . . 
The vaporization and deposition of aluminum can also 

be carried out in a different manner, namely by intro 
ducing, after evacuation of the chamber to 5X10-4 mm. 
Hg, argon until the pressure rises to about 10-3. During 
Subsequent vaporization of the aluminum, a potential of 
Scveral thousand volts is applied to an electrode located 
in the chamber, for instance about 10,000 volts until glow 
discharge starts and about 100 volts thereafter. Thus 
produced glow discharge will increase the kinetic energy 
of the alumi:urn vapor so that the same will become 
hotter and this will improve the adherence of the alumi 
nuin coating formed by the deposition of the aluminum 
vapors. For instance, as described in C.S. Patent No. 
1,710,747, one terminal may be attached to an electrode 
located within the vaporization chamber or vessel, and 
the terrainal of opposite polarity may be 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 place between the " . . 
clectrode and the wall of the vaporization vessel. 

Tire thus formed aluminum coating may still include 
aluminum bridges cross-secting the chronium oxide and 
lacquer layers and electically connecting the aluminum 
coating with the metallic base body. In order to burn 
off these aluminum bridges, an electrode of large area 
is electrically connected with the aluminum layer and the 
opposite pole is connected with the metalic base body. 
Parallel thereto, a condenser of between 4 to 40 f. is 
arranged in the circuit, which condenser is first charged : 
and will then be discharged by connecting the circuit 
including the metallic body. This discharge will pass ... 
through the above discussed electrically conductive bridges : 
and will destroy the same. Preferably, burning off of 
the bridges is started with relatively low voltage and a . 

f 
} . 
i. 
. 

. 

. . 

small condenser and voltage and condenser capacity are . . . . . 
then increased until all bridges are destroyed. Good re- ... 
Sults were obtained with a series of condensers ranging 
in capacity from 4 to 40 af. and from 20 to 150 volts. However, these values are not necessarily limiting. 

After the aluminum coating has been applied as de-, . 
scribed above and the conductive bridges have been burned . . 
off, the thus coated body is lucquered, or a protective 
layer of silicon oxides is applied by vapor deposition in . . . 
a manner similar to the formation of the intermediate 
chrönlium oxide layer described above, except that, of . . . 
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. . . . . . silicon 
course, the chromium as starting material is replaced by 

8,177,184. 

- . . . . . . Without further analysis, the foregoing 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 omitting features that, from the 
standpoint of prior art. fairly constitute essential charac 
teristics of the generic or specific aspects of this invention 
and, therefore, such adaptations should and are intended 
to be comprehended within the meaning and range of 
equivalence of the following 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 chronium oxide, 
the lacquer covering and said chronium oxide layer eiec 
trically insulating said aluminum coating from said metal 
Y ic body. 

2. A method for forming on a lacquer-covered metalic 
body a firmly adhering, corrosion resistant, refecting metal 
coating, comprising the steps of contacting Said lacquer 
covered body with an oxygen atmosphere maintained at 
subatmospheric pressure of about 103 min. Hg; vaporiz 
ing chrornium in said atmosphere so as to oxidize va 
porized chromiurn and to form a layer cf cromium oxide 
on said acquer-covered metallic body; and forming by 
vapor deposition an aluminum coating on said layer of 
chromium oxide, tie lacquer covering and said chroni 
um oxide layer electrically insulating said aluminum 
coating from said metailic body. - 

3. A method for forming on a lacquer-covered retallic 
body a firmly adhering, corrosion resistant, refecting 
metal coating, comprising the steps of contacting said 
lacquer-covered body with-an oxygen atmosphere main 
tained at subatmospheric pressure; vaporizing chronium 
in said atmosphere so as to oxidize vaporized chromiurn 
and to form a layer cf chromium oxide on said lacquer 
covered metallic body; and for nirs by vapor depcsition 
in an inert atrinosphere maintained at subatmospheric 
pressure an aluminum coating on said layer of chromium 
oxide, the lacquer covering and said chromium oxide 
layer electrically insulating said alumiurn coating from 
said metalic body. 

4. A method for forming on a laciir-covered metallic 
body a firmly adhering corrosion resistant, refecting 
metal coating, comprising the steps of contacting said 
lacquer-covered body with an oxygen atmosphere main 
tained at Subatmospheric pressure; vaporizing chronium 
in said atmosphere so as to oxidize vaporized chronium 
and to form a layer of chromium oxide on said lacquer 
covered metallic body; and forming by vapor deposition 
in an inert atmosphere maintained at subatmospheric 
pressure, said atmosphere being iorized by glow discharge, 
an aluminum coating on said layer of chromium oxide, the 
lacquer covering and said chromium oxide layer elec 

... trically insulating said aluminum coating from said me 
tallic body. . . " . . w 

... 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 
acquer-covered body with an oxygen atmosphere main 
tained at subatmospheric pressure; varorizing chromium 
in said atmosphere sc as to oxidize vaporized chromium 
and t form a layer of chronium oxide on said lacquer 
govered metallic body; and forming by vapor deposition 
in an inert argon atmosphere maintained at subatinus 
pheric pressure of about 10 mm. Hg an aluminum 
coating on said layer of chromium oxide, the lacquer 
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covering and said chromium oxide layer electrically in 

Inetal coating, comprising the steps of contacting said 

tained at subatmospheric pressure; vaporizing chromium 

Stilating said aluminum coating from said metallic body. . 
6. A method for forming on a lacquer-covered metallic. 

body a firmly adhering, corrosion resistant, reflecting 

lacquer-covered body with an oxygen atmosphere main 
tained at subatnospheric pressure; vaporizing chronium . . . 
in said atmosphere so as to oxidize vaporized chromium, Y. . . 
and to form a layer of chronium oxide on said lacquer-N 
covered metallic body; forming by vapor deposition an 
aluminum coating on said layer of chronium oxide, the 
lacquer covering and said chromium oxide layer substan 
tially but not completely electrically insulating said au 
minum coating from Said metallic body; and electrically 
burning off aluminum bridges cxtending transversely 
through said chronium oxide layer and said lacquer cove 
ering from said aluminum coating to said metallic body 
so as to cognpletely insulate said aluminum coating from 
said metallic body. 

7. 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 mains 
tained at Subatmospheric pressure of about 10-3 mm. Hg; N 
vaporizing chrotium in said atmosphere so as to oxidize N 
vaporized chronium and to for in a layer of chromiurn 
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 ionized by glow discharge, an aluminum 
coating on Said layer of chromium oxide, the lacquer 
coveriig and said chromium oxide layer substantially but 
not completely electrically insulating said aluminum coat 
ing from Said metallic body; and electrically burning off 
aluminum bridges extending transversely through said 
chronium oxide layer and said lacquer covering from 
said aluminum coaling to said metallic body so as to 
connpleely insulate said aluminum coating from said me 
tallic body. 

8. A method for fortning cn a lacquer-covered portion 
of a metallic bcdy 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 portion of said body with an 
oxygen atmosphere maintained at subatmospheric pres 
Sure; vap2izing chronin in said atmosphere so as to 
Oxidize vaporized chromium and to form a layer of chro 
nium oxide on said lacquer-covered metallic body; and 
forming by vapcir deposition on aluminum coating on 
Said layer of chromium oxide, the lacquer covering, the 
nasking of the peripheral Fortion thereof and said chro 
mium oxide layer electrically insulating said aluminum 
coating from said metallic ticdy. 

9. A method for forming on a lacquer-covered portion 
of a metallic body a firmly adhering, corrosion resistant, 
reflecting metal coating, comprising the steps of con- . 
tacting Said lacquer-covered body with an oxygen atmos- . 
Iphere maintained at Subatmospheric 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 portion of said lacquer covering; and forming by 
vapor depositicn an aluminum coating on said layer of 
chronium oxide, the lacquer covering, the masking of . . . . 
the peripheral portion thereof and said chromium oxide . . . . . . 
layer electrically insulating said aluminum coating from 
said metallic body. . . - . 

10. A method for forning on a lacquer-covered metal- . . . . 
lic body a firmly adh.cring, corrosion resistant, reflecting . . . 
metal coating, comprising the steps of contacting said 
lacquer-covered body with an oxyger atmosphere main 

in said atmosphere so as to oxidixe vaporized chromium - 
and to form a layer of chromium oxide on Said lacquer 
covered metalic body; forming by vapor deposition an 
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7 . . . . . . . . 
aluminum coating on said layer of chromium oxide, the . 
lacquer covering and said chronium 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 protective layer of silicon oxides on said 
aluinting coating. 

11. A method for forming on a lacquer-covered metal 
lic 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 subatimcspheric pressure; vaporizing chromium 
in said at nicsphere sc as to oxidize vaporized chromium 
and to form a layer of chronian oxide on said lacquer 
covered metallic body; forning by vapor deposition an 
aluminum coating on said layer of chronium oxide, the 
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 subatic spheric 

s, 177,134. 
phere maintained at subatmospheric pressure of about . . . 

... 10 mm. Hg, said atmosphere being ionized by gloy... . . 
discharge, an aluminum coating on said layer of chroni- i.i. 
unl oxide, the lacquer covering and said chronium oxide 
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layer substantially but not completely electrically in- . . 
Sulating said aluminum coating from said metallic body; ... 
electrically burning off aluminum bridges extending trans 
versely through said chronium oxide 3yer and said . . . 
lacquer covering from said aluminum coating to said 
metallic body so as to completely insulate said alumi 
nurn coating from said metallic body; and forning by 
vapor deposition of silicon in an oxygen atmosphere 
maintained at a subatmospheric pressure of about 10 
Inn. Hg a protective layer . of silicon oxides on said 
aluminum coating. . 
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