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The invention relates to a process for the production 
of metal deposits, and has for its object to produce by 
thermal decomposition of metal compounds completely 
uniform ?ne-grained metal deposits of great adhering 
strength on substances of all kinds, that is to say, both 
on inorganic and on organic substances, regardless of the 
con?guration of the surface of these substances. In con 
trast to known processes, this metal deposition is effected 
with great economy. A particular object is to produce 
metal deposits on heat-sensitive organic substances of very 
?ne structure (for example textile ?bres or fabrics). 

In the process according to the invention, such metal 
deposition is elfected by separating the metal from the 
metal compound at such a short distance from the sur 
face of the material to be metallized that the agglomera 
tion (coarsening of the grain) of the metal particles before 
they are deposited is prevented, by maintaining the tem 
perature of the surface to be metallized at an equal level 
during the separation process, and by limiting the maxi 
mum heating of the material to be metallized preferably 
to the surface layer. 

In order that this process may achieve the desired result, 
‘the conditions of dissociation of the metal compound must 
be maintained as uniform as possible on or above the 
deposition surface during the separation of the metal. The 
maintenance of constant dissociation conditions in the 
thermal decomposition of metal compounds is a necessary 
pre-condition for ensuring a uniform, ?ne-grained and 
?rmly adhering deposit. 

If it is desired to obtain a ?ne-grained deposit having 
excellent adhering strength on any desired materials, in 
cluding more sensitive organic substances and on smooth, 
rough or porous surfaces, or surfaces of any other form, 
care must be taken to compensate for the heat losses oc 
curring during the metallizing operation, by heating the 
surface of the substance to be metallized to the decompo 
sition temperature from the outside and constantly sup 
plying heat from the outside during the separating process. 
The temperature of the surface of the material must not 
in any circumstances be higher than the temperature of 
the decomposition of the metal compound. Experience 
has shown that this is of particularly great importance in 
the metallization of organic substances, since otherwise 
the organic substance is damaged and the adhering strength 
of the deposited layer is greatly reduced. In order to 
maintain constant decomposing conditions, it is proposed 
in accordance with the invention, in all the decomposi 
tions hereinafter described, to maintain a minimum path 
of movement of the metal atoms or ?ne metal particles 
from the point at which they are separated from the metal 
compound to the point at which they are deposited, that is 
to say, to ensure that the metal atoms or particles pass 
along the shortest path to the surface of deposition with 
vout having too great an opportunity of aggregating dur 
ing their movement, since the ?ner the deposited particles 
remain the better are the molecular binding forces, by 
which they are bound to the surface of the article and by 
which they are incorporated in the growing metal ?lm, 
able to take effect. It must be borne in mind that the 
length of the path of free movement is so small under nor 
mal pressure conditions that in the separation of metal 
from the compound the danger exists, even in the neigh 
bourhood of the surface, of the metal particles agglomer 
ating to form coarser particles before they reach the sur 
face. It is therefore desirable either to cause the decom 
position actually to take place only immediately on the 
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surface of the articles to be metallized or to ensure, when 
the separation takes place at a distance from the surface, 
that the metal atoms or ?ne particles pass as rapidly as 
possible to this surface, by superimposing on their free 
movement a preferred direction towards the surface. This 
is done by directing a stream of the metal compound at 
great velocity towards the surface of the article, it being 
possible for the decomposition to take place at a more or 
less great distance from the surface. 
The working conditions hereinbefore referred to which 

must be maintained in accordance with the invention in 
order to produce completely satisfactory metal deposits 
from metal compounds, namely constant, reproducible re 
action conditions at the point of separation, heating at 
constant temperature preferably only at the surface of the 
article to be metallized, and prevention of agglomeration 
of the metal atoms or very line particles separated from 
the metal compound by adjusting the length of their path 
of free movement, constitute in combinauon new working 
directions. - 

If the decomposition takes place directly on the surface 
of the article to be metallized, or at a distance therefrom, 
it is in all circumstances important that only the surface 
itself, but not the mass of the entire article, be heated 
because heating of the mass of the article is completely 
unimportant to the metallizing process and involves a con 
siderable loss of heat. More especially, if only the sur 
face on which the metal compound is decomposed is heat 
ed, the conditions of dissociation can be much more readily 
maintained uniform and the metallizing process can pro 
ceed at great speed over the surface. Thus, only a fraction 
of the thermal energy otherwise necessary for heating the 
entire article to the decomposing temperature is required 
for the metallization. Similarly, the time taken by the 
metallization is only a fraction of that taken in the known 
processes. 
The heating of the surface to the decomposition tem 

perature does not preclude pre-heating of the article below 
the decomposition temperature from being expedient in 
special cases. 
The manner in which the process according to the in 

vention is carried into practice may vary greatly in accord 
ance with circumstances. The performance of the process 
will hereinafter be described by way of example with 
reference to the embodiments illustrated in Figures 1 to 
'17 of the drawings. 

According to Figure 1, a material or article 1 to be 
metallized is brought to decomposition temperature at the 
surface by contact heating, for example by means of the 
heating elements 2 sliding along the surface (or travelling 
heating rollers). The contact heating of the surface may 
also be effected by other means, namely by solid, ?uid 
or pulverous heating elements. Arranged between these 
heating elements 2 are the feed ducts 3 for the metal com 
pound, through which the metal compounds are blown in a 
jet 4 on to the surface. The system 2, 3 is uniformly 
moved as a whole in the direction of the arrow A in rela 
tion to the ?xed article 1, or vice versa, it being possible 
to carry out this movement at a very high speed of a few 
metres per second and nevertheless to obtain a cohesive 
metal coating of high electrical conductivity. In this 
movement according to Figure 1, each successive point of 
the surface is alternately heated and metallized, so that 
heat is continuously supplied from the outside to the point 
in question during the separation (deposition). Accord 
ing to the required thickness of the metal layer, a suitable 
number of heating elements 2 and metal feed ducts 3 are 
arranged one behind the other, or the system 2, 3, is re 
peatedly passed over the article to be metallized. 

In Figure 2, the heating of an element 1 to be metallized 
is indicated by jets of material (hot gases, vapours, pow 
der), a hot jet of material 5 being blown through feed 
ducts 2a on to the surface. The metal compound ‘is 
simultaneously blown in a uniform jet 4 on to the same 
point 6 of this surface through the feed duct 3. Alter 
natively, the heat and the metal compound can be alter 
nately delivered for short intervals, for example with ?fty 
alternations per second. By this continuous alternation, 
the temperature is maintained constant at the point 6 dur 
ing the separation process. Here again, the mctallizing ar. 



‘ arrow througha thin foil in, for example of mica, 

2398,81,‘; 

rangement 2a, 3 is moved in the direction of the arrow A 
over the surface, or vice versa. 
As a modi?cation of Figure 2, it is possible as shown 

in Figure l to heat the surface by replacing the contact 
heating‘ elements 2 by feed ducts 2a for hot‘ jets of ma 
terial, so that- the heating jet always precedes-a jet of metal 
compound by a short distance. 
The stepwise heating’ of the surface according to the in 

vention makes it possible, as indicated in~Figure>2, to house 
the arrangement 2, 3 in a vessel 7, which projects thestill 
hot point just metallized- from the admission of‘ air and 
consequently from oxidation; 

Solids of revolution can be metallized on the surface 
by heating-the article, which~is rotated about its axis, from 
one side, for-exampleby a- jet of gas, and blowing-on the 
metal compound fromthe opposite side. 

In-the aforesaid surface heatingby means of‘ jets of ma 
terial, substances may be admixed with such jets of-ma 
terial in order to effect an‘ additional heating by chemical 
or physical. reactions on the’ surface, such admixed sub 
stances being, for example, hydrogen atoms, which recom 
bine toform molecules while giving up heat on the surface 
to‘be metallized; Moreover, substances such as‘?ne metal 
powder may be admixed with the jet of material by 
which the surface is heated, in order to promote catalyti 
cally the thermal dccornpositionof the metal compound. 
The‘ catalyst may be, for example, iron powder if iron 
carbonyl is employed as the metal compound. A jet of 
heated, ?nely distributed material, for example heated 
metal particles may also be employed to heat‘ the surface, 
such material being deposited in solid form on the sur 
face together with the metal deposition. Thus, for ex 
ample, the known metal sprayinglprocesst may be em 
ployedifor this type of heat supply. 
Thenew process may also be employed'to metallize the 

inner- surface of porous articles, for example of wood 
or ceramics.’ 

Such anrarticle is shown at-?inFigure 3. A hot gas 
(or: vapour) is delivered at it} from a vessel 9 and-pene 
trates through the article in the direction indicated-by. the 
arrow, and heats the inner. surface thereof. Thereafter, 
Or- in continuous’ alternationiwiththe said gassupply, the 
metal compound is‘ passed. throughthe porous. article at 

In- the embodiment shown in. Figure 4, a continuous 
heating of the inner surface of: anon-conductive porous 
element 8 ise?ected bythe applicationof two lattice-like 
electrodes 12, between which an electric discharge (for ex 
ample high-frequency) takes place. 

Figure 5 shows by way of example the dielectric heat 
ing’ of the surface of a non-conductive article 1. This 
article has a. surface layer 13. having higher dielectric 
losses thanthe article 1, so that the heating of. the article 
1- disposed between the electrodes 14 and l5islimitedisub 
stantially to the surface layer 13. 

If desired, the surface of. an articlemay be inductively 
heatedtwithout-the aforesaidtsurface layer 13; 

In the embodiment shown in Figure 6, the. surfaceof 
the article 1 is- heated by electronic and/or ionic impact, 
the electrons» emanating from a heating ?lament 16. 
This‘ method of’ heating affords the advantage that the 
heating is‘limited to very small area 17 byv screening 
of‘ the electron beam as- shown in the drawing,,so that 
punctiform or lineated metallisation can be effectedwith 
this electronic impact heating. 
A certain depth effect is obtained in the heating by 

electronic or ionic impact, so that metal compounds dif 
fused into the surface are deposited in a certain surface 
layer. This iii-particularly advantageous for a good an 
choring of a metaldeposit. The metal compoundis de 
livered-at 3. 

While in Figure 
discharge, 
7‘by- a-discharge, in this case an are 18, an intensiveheat 
ingtof the surface being effected both by the. heat of the 
arc and‘ by the ions and electrons in the neighbourhood 
thereof. In thiscase, the arc is blown on to the surface 
by. the: core of a blowing magnet energised by the mag 
net’coil 20.‘ 

Figure 8» shows a particular case of the application of 
the absorption of the energy of electrically charged and 
accelerated corpuscles which emanate from aheating ?la 
ment léand penetrate in the direction indicated by tlge 

t0 6 

6 the surface is directly heated by a 

At the outlet point, the metal compound metallised. 

it maybe indirectly'heated according to Figure, 
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fed thereto from the opposite side at 3 is decomposed by 
the impact energy of the corpuscles; In the ?rst‘ metal 
layer thus formed, the corpuscles are completely absorbed 
with temperature increase.‘ This produces further ther 
mal decomposition of the metal compound fed thereto. 

In Figure 9 an embodiment is shown in which the sur 
face is heated by electromagnetic radiation, for example 
infra-red or short-wave radiation. The metal compound 
is delivered at 3 tea bell-shaped container 21. The infra 
red radiation indicated by the arrows B penetrates through 
the closure‘ plate 22, consisting of rock salt or the like, of 
thispcon'tainer to the surface of the article 1, so that this 
surface is continuously heated during the deposition of 
the metal. . 

Figure 10 shows diagrammatically a particularly eco 
nomical method of metallizing» an’ article 1 which already 
has a conductive surface 23 and which has been metallized, 
for example, by one of the aforesaid methods. Electrode 
rollers 24 are moved over the surface of this element at 
a distance apart, the said rollers being connected to a 
source of current 25, so that the surface layers 23" lying 
between these electrodes are brought by resistance heat 
ing to. the decomposition temperature. Resistance. heat 
ing may also be employed to metallize porous. articles 
already having a conductive inner surface as’ shown in 
Figure 4. 
The surface heating may also be effected with super 

sonic oscillations, for example by transmitting oscilla 
tions by means of a quartz crystal 26 to anarticle 2S ta 
pering to a point 2’? or knife edge, as shown in Figure 11. 
The friction of the point 2'7 on the surface of theelement 
1 produces a high local. heating which decomposes‘ the 
metal compound delivered at 3.. 

In themetallization of materialsor articles by. heating 
and deposition directly on the surface, the metallization 
may be effected in vacuo inspecial cases, forexample. in 
the metallization of very smooth surfaces, one of.‘ the 
methods already described. being. applied. Generally, 
however, the new metallizing process will be most: eco 
nomically carried out.- at atmospheric pressure. 

While the methods described. in: they foregoing ex 
amples effect. fundamentally a heating and deposition 
on the surface of the. article to be metallized,.the process 
according to, the invention. can also be carried out,. as 
illustrated by way. of example in Figures 12 to 14- by 
elfecting the decompositionof the. metal compound,.not 
on the surface, but at a distance. a therefrom. In order 
to prevent the agglomeration of the metal atoms or par 
ticles in the movement alongthe path a tothesurface, 
these metal particles must be blown onto the surface 
at great speed, for exampleat a few 100 m. per- second. 
Theorder of magnitude of the distance a is in, this case of 
a few millimetres. 

According to Figure 12, the metal compound is de 
livered, at. 3 at this highv speed, thev issuing; metal com 
pound-being guided in the vessel 29 through av heating 
ring 30 so that the metal compound is decomposed'by 
the heating action thereof. 

According to Figure 13, the metal compound, for ex 
ample nickel carbonyl, is under high pressure (about 100 
atmospheres absolute pressure) in. a pressure-proof con 
tainer 31 which is brought by means of an electric heat 
ing element 32 to a temperature (for example 240° C.) 
lying above the decomposition temperature of the metal 
compound at normal pressure. The metal compound 
is blown at high speed on to the surface of the article 
1 through an outlet aperture 34 adapted to be. closed 
by a cone valve 33 or the like. The‘expansion occurring 
at the discharge of the metal‘compound'brings the metal 
compound out' of the stable condition into. the unstable 
condition, so that it is decomposed. 
Inthe example shown in Figure 14; the metal com 

pound is introduced at 3. through a non-return valve 35 
into a container 36 in which intensive spark discharges 
occur in rapid ‘succession between the electrodes 37. 
The metal compound is decomposed by these‘ spark: dis 
charges and the products of decomposition are at the 
same time blown byv the explosive effect at very high 
speed through the aperture 38 on to the surface of the 
article, th'isblowing-on .of‘ the metal particles takingplace 
intermittently. . 

Again inFigure 15, such an intermittentdelivery. takes 
place, not of the metalrparticles, but. of. the metal com 
pound delivered at 3 intov the container 39. This in 
termittent delivery to the surface of the article 1 is pro 
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duced by supersonic oscillation, for example by means 
'of'a'n Oscillating quartz crystal 40. The metal is then 
‘deposited on ‘the surface by any of the forms of heating 
‘already described." 
_ This intermittent delivery by means of supersonic oscil 
lation can, according to Figure 16, also be applied to 
?uidv metal compounds. These compounds are delivered 
'at 3' to the periphery of the oscillating needle 41 and 
sprayed from the point thereof on to the surface of the 
article 1. . ~ ' - 

While in the embodiments already described the metal 
‘compound is delivered to the surface during the metal 
lization, it is possible‘ in ‘accordance with Figure 17 to 
apply the metal compound indicated at 42 previously to 
the cold surface of the'article 1. It adheres to the sur 
face, and is diffused into‘ or dissolved in the said surface, 
or rests thereon below a protective ?lm which prevents 
‘it"from'rapi'dly evaporating. The heating is effected by 
the heating jet 5. 

In carrying the process according to the invention into 
practice, all metal compounds may be employed which 
are dissociated into metal and residual substance under 
the action of heat. Such compounds are mainly metal 
carbonyls, metallic hydrides and metallic halogens. Ex 
amples of metal carbonyls are nickel tetracarbonyl, iron 
pentacarbonyl and the carbonyls of tungsten, molybde 
num and cobalt. The hydrides which may be employed 
include, for example; copper hydride, germanium hy 
dride, antimony hydride and others, while the chlorides 
include chromium'chloride and nickel chloride, and the 
other types of compounds which may be employed in 
clude particularly metallic acetyl acetonates such as cop 
per acetyl acetonate. In addition to these compounds 
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which can be directly separated under heat, metal com- ‘ 
pounds which liberate the metal on reduction or chemical 
reaction by thermal means may also be employed for 
the metallizing process according to the invention. As 
examples for the reduction method may be mentioned 
the oxides of the precious metals and of other heavy 
metals, and for the chemical reaction method the halo 
gen compounds of the heavy metals, for example chro 
mium chloride, are particularly suitable. 
The process according to the invention may be em 

ployed inter alia to produce metal deposits on compact 
articles or on and in porous articles or materials. One 
of the characteristic features of this process resides in 
the fact that the quantity of metal deposited per unit 
time is substantially greater than in the metal vaporiza' 
tion process and is even greater than in the galvanic 
process. Moreover, metallic deposits can be applied by 
means of the process to bright, oxidized or otherwise 
coated metals, and especially to non-metals such as plas 
tics, wood, fabrics, papers of all kinds, felts, ?bres of 
organic and inorganic nature, glass, quartz, ceramics, 
salts and other compounds, that is to say, to all solid 
or plastic materials whose surface does not undergo any 
detrimental physical or chemical modi?cation during the 
metallizing operation. 

Extremely ?ne projections or pores can be ?lled by 
the metal deposit. Sensitive organic substances are also 
not damaged if the metallization process is correctly con 
ducted. For example, papers, textiles and the like may 
be coated on their outer and inner surfaces with a metal 
?lm which embraces each individual ?bre and which, if 
of suitable thickness, cannot be mechanically detached 
without partial destruction of the ?bres. 
The metallization is so clean and true to the surface 

and adheres so strongly that it can be used as a support 
for a further galvanic deposition of any desired metals. 
For this purpose, only an extremely thin layer deposited 
by the process described is required in the case of metal 
lized non-conductors. 

Naturally, the conductive layers deposited from the 
gas phase have, as compared with the layers hitherto 
produced by the deposition of silver or by the applica 
tion of layers of graphite or silver sulphide coatings by 
the wet method, an immeasurably greater adhering 
strength which can only be compared to the ideal attach 
ment of ?ne-grained deposits by the cathode atomization 
or vaporization process. Since the economy of the proc 
esses for the separation of metals from compounds ac 
cording to the invention is nevertheless considerably 
greater and it must be taken into account that the ad 
hesive strength of a conductive layer on a non—conductor 
is essential to the adherence of the metal ?lm subse 
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3 
quently galvanically deposited, the process is also of 
particular nnportance in the electroplating ?eld. 

I claim: 
1.. Process of depositing a uniform ?rmly adherent 

coating of metallic particles of ?nely divided sub-crystal 
line size upon the surface of a base material which com 
prises heating the surface of said base material in suc 
cessive small increments of surface area to a substantially 
constant temperature and not substantially above the de 
composition temperature of a heat decomposable metallic 
compound and projecting jets containing such decompos 
able metallic- compound onto said heated surface to effect 
concomitant decomposition of said compound and coating 
of the surface, said heat and jets of metal compound 
being supplied to each small increment of surface area 
to' be metallized in constant alternation and in rapid suc 
cession whereby the temperature of the surface being 
metallized ismaintained evenly during the entire de 
positing process and the metal particles deposited on said 
surface are in sub-crystalline size. 

2. The process as de?ned in claim 1, wherein the 
object to be coated is thin sheet material and the jets 
of decomposable metal compound are applied to one sur 
face thereof while the heat is applied to an opposite 
surface thereof in rapidly alternating jets applied to small 
increments thereof. 

3. Process of depositing a uniform ?rmly adherent 
coating of metallic particles of ?nely divided vsub-crystal 
line size upon the surface of a non-metallic base mate 
rial of relatively low heat conductivity which comprises 
heating the surface of said base material in successive 
small increments of surface area to a substantially constant 
temperature and not substantially above the decomposition 
temperature of the heat decomposable metallic compound 
and projecting jets containing said decomposable metallic 
compound onto said heated surface to effect concomitant 
decomposition of said compound and coating of the sur 
face, said heat and jets of metal compound being sup 
plied to each small increment of surface area to be 
metallized in constant alternation and in rapid succession 
whereby the temperature of the surface being metallized 
is maintained evenly during the entire depositing process 
and the metal particles deposited on said surface are 
in sub-crystalline size. 

4. The process as de?ned in claim 1, wherein the 
base material to be coated is organic. 

5. The process as de?ned in claim 1, wherein the 
base material to be coated is inorganic. 

6. The process according to claim 1, wherein the 
metal compound is preheated to a temperature below the 
decomposition temperature. 

7. The‘ process according to claim 1, wherein the 
metal compound is applied by supersonic convection ?ow 
upon the surface to be coated. 

8. Process as de?ned in claim 1, wherein the base 
material to be metallized is porous, the compound of 
a heat decomposable metal being supplied to the porous 
body together with an electric discharge, the heat de 
composable metal compound being passed through the 
porous body and the electrical discharge serving to heat 
the inner porous surfaces thereof to effect metal deposi 
tion therein. 

9. Process as de?ned in claim 1, wherein a jet of hot 
material containing a ?nely divided catalytic substance 
adapted to reduce the temperature of decomposition of 
a heat decomposable metallic compound is supplied to 
the surface to be coated together with the heat decom 
posable compound for metallizing thereof. 

10. Process as de?ned in claim 1, wherein the surface 
to be metallized is ?rst coated with material having 
higher dielectric losses than the material to be metallized 
and the material to be metallized is heated by induction 
heating while supplying thereto the heat decomposable 
metal compound, whereby the heating is limited sub 
stantially to the surface portion of the material to be 
metallized. 

11. Process as de?ned in claim 1, wherein the article 
to be metallized is heated by electro-magnetic radiation. 

12. Process as de?ned in claim 1, wherein the surface 
of the article to be metallized is coated with a conductive 
material and the surface is thereafter heated to the de 
composition temperature of a heat decomposable metal 
compound to be coated thereon by heating said conduc 
tive material by electrical resistance heating. 

13. Process as de?ned in claim 1, wherein the surface 
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to be: metallizetl is heatedbr contact-whiten element 
oscillating; at supersonic; fliequenqyl whereby’ ' 
generated to heat the surface to be metallized by, H o‘ n. 

14. Process; as defined‘ 'v claim; 1,4 whereinrth'edecom— 
position. of the heat decomaqsable meek commune is 
ettectedtbytheatof the surface of theat'ticls tohe metal 
lizedv supplied thereto by impact of. electronicallxicharged 
particles .passed in a direction through-the a icle; tojbe 
metallized, Opposite to. that of the metal Particle be 
depositcd,,, the article to be metallizedi beina 12p.‘ ,..eabl§ 
to.‘ the; elect'rvqnicallx; charged._ Patti's; a 

1:5... Process“ as, de?ned in. claim Lwheteiwhemetal 
comtaound is thermally; deslompcsedi substantl I ?it-Va 
‘distance-from the surface :to befrpctallized a ‘prod. 

compound, are. blown onto, ‘the. surifacer'to be metalliz'ed 
.atiathighfspeed. exceeding about} 109 meters-Per second 

16‘. Process as‘ de?ned in: claim 1, whereihthe heat 
decomposable metal compound is decomposed, explosively 
substantially at a distance from the sur?aee to berrietal 
lized and the products of decompositionare simultane 
ously blown onto said surface' 

_17_. Process as de?ned in‘v claim‘ 1,_ wherein the‘ heat 
decomposable metal compound is‘ sprayed onto the-sur 
face to be metallized by contact with an element- oscil 
lating at supersonic frequency. 

18. Process as de?ned in claim 1, wherein ajet of 
hot ?nely divided metal particles is supplied, asa source 
oi heat alternately with the heat decomposable, metal corn 
pound, the ?nely divided hot metal particles being=de 
posited as a coating of metal upon the base being coated 
together with the extreme ?ne metal formed by decom 
position of the heat decomposable metal compound. 

cts of deco'mposit'on of the he it decomposable? metal __ 

25 

3.0 

hot gas'-is=s_ui5n‘+ied asa source of, hehttegstherl t 

~c.terii¢nt"<it surface heated, are‘ substantially s1 

iétbffthei etailiqompeund, elietsbeing anplisd'alte 
v1y ari'diin sequence progressively to each partiotfthteisur Nee 
I9» be metallizee. 

- 20-: PWCQSS as, de?ned; in: claim. 1.» wlisrsia a 12.111: 
ralim- of small, inqtements of" surface T area and, a p11}, 
ralifY- ‘ Of; jets 61? the metal ebhlpqundg one for each‘ in 

ously applied over successive small‘ increments ofgisr 
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