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The present invention relates to a method or 
process for obtaining sc-called “bronze” powders 
of improved qualities and, more particularly, hav 
ing a greatly increased resistance against dis 
coloration or tarnish. 
The appellation “bronze powder” for the me 

tallic pigments widely used to simulate gold and 
gilt is, of course incorrect, strictly speaking, be 
cause such pigments are primarily constituted of 
copper and copper alloys, mainly brasses and the 
like. But, this “bronze” designation has been as 
sociated with the industry and trade for the past 
'75 years at least and, accordingly, this term will 
be used throughout this test for de?ning copper 
base metallic pigment particles of ?ake-like 
structure quite unlike other metallic aggregates 
of spheroidal or nodular for .1 obtained by chem 
ical, electrolytic means or atomization. 
The ?ake form of bronze powder particles is a 

function of the disintegration carried out gen 
erally on a metallic aggregate in hammer and 
ball mills; as the beating operation proceeds, in 
presence of a suitable fatty lubricant, the flat 
tened particles are gradually broken down into 
smaller and thinner ?akes having a thickness of 
approximately 0.30 from 0.40 to 1.00 micron and 
an average cross section of from 5 to 150 microns 
and more, depending on the ?neness desired in 
the ?nal product. So, in any case, an average 
bronze powder has an average particle breadth to 
thickness ratio exceeding 60 to 1 and often 100 
to 1. 

Unfortunately, however, such bronze powders 
are inherently subject to discoloration by oxida 
tion, attack by chemical agents, fumes acting di 
rectly on the base constitutive metals. 
This discoloration is known as tarnish and, so 

far, little progress has been made in the search 
for economical means and methods of protection 
against tarnishing. Obviously, this is a problem 
01' some magnitude, due to the tremendous sur 
face of the powder compared to a solid metal 
volume of comparable weight, and the tendency. 
of the powder to retain oxidation products and 
occluded gases and moisture initiating further 
tarnishing action. Consequently, this lack of 
stability against discoloration has been a great 
drawback and restricted to a great extent the 
wider application of bronze powder in the graphic 
arts, decoration in general and, lately, the plastic 
industry. 

Quoting from the February issue 1949, page 66 
of “Modern Plastics,” as a case in point: 
"Aluminum Powder is the metal used since re 

search by Vinyls-resin makers has shown that 
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copper, copper-zinc alloys and other metals can 
not be used with assurance of good color control.” 

This is true of all commercial bronze powders 
known so far which, when incorporated in certain 
plastics, lose their color due to heat and chei'nical 
in?uences, for instance hydrochloric acid devel— 
oped in vinyl-chloride plastics. 
The present invention has been conceived to 

avoid the disadvantages noted above in copper 
base bronze powders and its objects may be stated 
as follows. 
The main object or" the invention resides in the 

provision of an improved bronze powder having 
wider adaptability in the graphic arts and the 
plastic industry, its primary characteristic being 
a greatly increased resistance against the attacks 
or‘ agents causing tarnish. 
Another important object of the invention is 

the provision of a bronze powder of the character 
noted immediately above and which is obtainable 
easily at relatively low cost. 
As a further object of great importance also, 

the invention contemplates the production of a 
tarnish-resistant copper-base bronze powder hav 
ing higher re?ectivity and retaining the working 
and. physical characteristics of particle size and 
thickness inherent to conventional non-tarnish~ 
resistant powders. 

Still another object of the invention concerns 
a bronze powder of the character described which 
is additionally highly resistant to heat and to 
the oxidation discoloration resulting therefrom. 
Other objects and advantages of the invention 

will be speci?cally pointed out, or become ap 
parent, in the description to follow. 
Brie?y stated, the process of the invention is a 

treatment given to already-produced powders, 
that is; powders that have been obtained by con 
ventional means in the ordinary manner and of 
any suitable particle size and thickness. Consee 
quently, said process is of a chemical nature, ac 
cording to which each powder particle is intended 
to be, and actually is, coated with a protective, 
impermeable, invisible and microscopically thin 
substance isolating the metal from its surround 
ing medium. 

Basically, also, the process of the invention is a 
heat treatment conducted under carefully select 
ed conditions and limited to copper and copper 
base alloys; silver, nickel and copper-nickel-zinc 
alloys can be treated successfully also, although 
less important commercially than copper and 
copper-zinc bronze powders. 
Aluminum powders cannot be rendered tarnish 

resistant by means of the present process; as a 
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matter of fact, aluminum powders have been 
found to be more reactive after than before treat 
ment. 
The ?lm, or isolating substance which, accord 

ing to the invention, coats each particle of a 
treated bronze powder has not been, so far, fully 
recognized and. its exact nature is still open to 
conjecture. Recent studies, however, show that 
such films obtained under conditions to be de 
scribed below are complex polymerization prods 
ucts quite insoluble in organic solvents and con 
tain crystallites of graphitic carbon. In any case, 
however, in view of the results obtained, 1. e. the 
increased brilliancy and re?ectivity of the treate 
bronze powder, it is clear that said ?lm must be 
transparent and, yet, highly impermeable to the 
fumes and agents causing tarnish. 

This ?lm is caused to appear on the bronze 
powder particles after heating this powder in a 
given atmosphere having no decarburizing prop 
erties, the temperature being somewhat critical 
and such as to achieve transformation of the in 
herent lubricant coating on the particles into the 
complex compound noted above. 
This lubricant coating is present in all com 

mercial bronze powders in various amounts: its 
presence is determined by means of a standard 
analytical procedure consisting in dissolving the 
powder in nitric acid, the lubricant remaining 
as a residue of greasy matter substantially soluble 
in organic solvents such as ether. 
When, according to the invention, the same 

powder is previously heated to, say, 390° C. in a 
suitable atmosphere, propane gas for example, 
a transformation has taken place because the 
treated powder now yields a different residue 
when dissolved in the acid: this residue is now 
only partly soluble in ether, the remainder being 
blackish and quite insoluble in the organic sol 
vent. Furthermore, the so-heated bronze pow 
der is already resistant to tarnishing agents, such 
as hydrogen sulphide. 

Increasing the temperature to 500° C. has the 
remarkable effect of greatly improving the re 
sistance and, at the same time, decreasing the 
soluble residue to the‘ vanishing point almost, the 
remaining residue after dissolving in acid being 
substantially insoluble in ether. 
The optimum practical effect is obtained at 

about 680° C. because, past that point, a copper 
zinc brass shows dezinci?cation and, in any case, 
the higher limit of temperature is sharply lime 
ited by a sintering action then taking place, al 
though some inert ?ller materials have shown 
tendencies to delay sintering. Copper powder 
could be heated successfully to higher tempera 
tures, with increased tarnish resistance, or until 
sintering takes place. 

process can be performed very easily with 
simple apparatus, various modi?cations of which 
are feasible. A possible form giving quite satis 
factory results consists essentially of an iron con 
tainer adapted to be closed capable of hold 
ing about 20 pounds of bronze powder. Such a 
cylindrical container having a diameter of 8 
inches and a length of 18 inches is suitable. 
A gas inlet and gas outlet are formed at the 

top of the container for circulating therein the 
gas used as the processing atmosphere. Heat 
ing means of any suitable kind may be provided 
for raising the temperature of the container and 
contents to a maximum of about '750" C. or so. 
As a speci?c example, the container may be 

loaded with 20 pounds of a commercial bronze 
powder which, upon previous analysis is known 
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to contain about 0.5% of a fatty lubricant. Ad 
mitting propane gas of the kind sold as fuel 
(bottled gas), for a time sufficient to displace the 
air occluded in the powder, the container is 
heated gradually from room temperature to 
about 500° C., keeping the gas ?owing continuous 
ly, through the said container, the heating at 
high temperature to take about an hour. There~ 
after, the temperature of 59*’ C. is maintained 
for from 30 minutes to one hour and, then the 
heating discontinued. The apparatus is allowed 
to cool to about 40° 0., always under the 
ing atmosphere, opened and the corn . i 
moved. 
As a variation, the container may be a rotat 

able cylinder, revolving around its longitudinal 
axis and the gas admitted and removed through 
the supporting axes which are hollow. The 
tumbling action so imparted to the powder re~ 
duces slightly the total treatment time should 
this reduction prove to be a desirable co! 
tion. 
The powder so obtained exhibits remaf 

properties best revealed by means of the fOllCi‘iV" 
ing aging tests: 

1. Paper strips coated with a standard com 
mercial bronze powder approximating 99% cop-J 
per and 10% zinc were prepared. Said strips, 
suspended in a glass jar, having at the bottorc 
5% aqueous solution of ammonium sulphi 
were entirely discolored to a purple in two 
minutes, indicating a thick ?lm of copper sul~ 
phide formed on the strips. 

2. When the sa: e standard bronze powder 
was treated according to the invention and this 
treated powder used for coating iresh test strips, 
it tool: an exposure in the sulphide glass jar e; 
tended to one hour beiore a slight discoloration 
took place. Consequently, only a much tenuous 
?lm of copper sulphide was formed, although ex, 
posure to the tarnishing fumes been 30 times 
longer than for untreated powder. 
Heat tests conducted as follows were also in~ 

dicative of the resistance to tarnis. to be ex~ 
pected in practice: 

1. An ordinary bronze powder heated to 120° 
C. for seven minutes became completely oxidized; 

2. A bronze powder according to the invention, 
heated to 190° C. for twenty minutes, only showed 
a very slight change of color after that time, 
the implication being that complete oxidation 
would require considerably more than 20 m nutes. 
From the results above, it can be said that the 

resistance to tarnish of the treated powder, compared with an untreated one, is at least very 

considerable. 
The choice of the proper atmosphere is an im 

portant consideration for the successful per 
formance of the process: it has been ascertained 
that generally speaking, any gas is suitable which 
exerts no decarburizing action on the ?lm being 
formed. This is meant to indicate that said at 
mosphere either alone or with vapors formed 
spontaneously during the heating stage, does not 
prevent the formation of the protective ?lm, nor 
react with such ?lm to form volatile products. 
More speci?cally, however, all hydrocarbon 

gases have been found suitable for the present 
process, such gases as methane, propane and like 
being eminently successful. Carbon monoxide 
gave good results also. 
An inert atmosphere such as nitrogen or he 

lium can be used, as Well as vacuum, although it 
should be noted that vapors of organic matter 
(the powder lubricant) are always present during 
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the heating step and, consequently, condition the 
vacuum or inert atmosphere to a reducing one. 
Concurrently, carbon dioxide is only suitable in 
presence of a surplus fatty lubricant, or stearic 
acid which is the usual lubricant used during the 
commercial beating of bronze powders. 

Results with hydrogen are bad, the same hold 
ing true with ammonia and sulphur dioxide. It 
is suspected that hydrogen either forms volatile 
compounds by rerhydrogenization of the residual 
de-hydrogenized ?lm, or prevents decomposition 
products from the start. Similar reactions, with 
consequent formation of volatile organic sub 
stances, probably occur with ammonia and sul 
phur dioxide. 

So far, for the formation of the protective ?lm, 
mention has only been made of the products re 
sulting from the decomposition of the lubricant 
inherently present in all commercial bronze pow 
ders. But, protective-?lms may be formed also 
through the agency of additional organic solids 
and liquids, a great number of which have been 
tested and produce, at temperatures above 500° 
C., residues all chemically alike. For example, 
tar oil, naphthalene, anthracene, butyl stearate, 
olive oil, sugar, cumaron resins, waxes etc. are 
materials able to form protective ?lms when de 
composed according to the invention. 
The above consideration is important because, 

in certain instances, the residual powder lubri 
cant is not present in quantities su?icient to pro 
duce a ?lm having a thickness meeting the de 
siderata for adequate protection against tarnish. 
In such cases it has been found feasible, and ad 
visable, to provide the bronze powder with suit 
ableadditives or, in other words, to “fortify” the 
powder; such forti?cation may mean a simple 
addition of the conventional lubricant or other 
organic materials, the object in view being a 
thicker ?lm after decomposition by heat. 
In general, only such organic materials are 

suitable which, when decomposed in the heat 
range comprised between 300° to 600° (3., leave a 
residual ?lm. 
As examples of suitable and unsuitable mate 

rials, the following experiments are in point: 
1. A commercial bronze powder containing 

about .5% stearic acid and heated for 30 minutes 
at 500° C. in propane gas yielded, by dissolution 
in nitric acid, a given amount of residual matter; 

2. The same original bronze powder, forti?ed 
with .5% of cumaron resin, was similarly heated 
in propane gas for the same time and dissolved 
in nitric acid; the residual yield in this case was 
much higher than in powder 1 above, as might 
be suspected. Aging tests conducted by heat and 
in presence of hydrogen sulphide con?rmed the 
fact that the powder containing the highest 
amount of residuum was also the most tarnish 
resistant, namely: the powder obtained in Ex 
ample 2 above. 

Conversely, when instead of cumaron resin, 
urea was used as a forti?er the eventual residue, 
after dissolution in nitric acid, was smaller and 
the aging test quickly determined the lowered 
resistance of this urea-treated powder against 
tarnish. Apparently, the effect of urea which 
includes two amino groups and one carbon atom 
only per molecule is similar to the effect of am 
monia causing, it is believed, volatilization of the 
?lm as it formed on the powder particles. Thus, 
urea may create a decarburizing atmosphere. 
0n the other hand, however, stearylamine con 

taining 18 carbon atoms and one amino group 
per molecule was found to be an excellent for 
ti?er. 

40 

50 

55 

60 

65 

70 

75 

6 
Gases are also suitable, in certain cases, for 

fortifying the ordinary bronze powders, said gases 
being decomposed by heat to leave on the powder 
particles a residual ?lm imparting thereto a given 
resistance to tarnish. Gases such as methane, 
ethane or propane do not decompose to a notice 
able degree below 600° C. However, when acet 
ylene gas is used (which is known to decompose 
on a copper surface between 350° C. to 400° C.) 
the residual ?lm formed thereby on the bronze 
powder will fortify the ?lm already deposited by 
other agencies, as described previously. Such for 
ti?ed bronze powders will then exhibit highly in 
creased tarnish resistance comp-ared to powders 
not so additionally forti?ed. ,. 
The relation between residual decomposed or 

ganic matter, time of heating, temperature and 
the speci?c character of the organic matter is 
complex. Experimental evidence shows that tar 
nish resistance is in direct ratio with the amount 
of insoluble residual matter; as said amount in 
creases, the tarnish resistance also increases. 
Although the temperature is a variable factor, 

the best practical temperature for optimum re 
sults is about 500° C. The time required to ob 
tain a substantial commercially useful ?lm will 
vary greatly with the temperature. As a rule, 
on powders coated ‘with stearic acid, good results 
are obtainable in 30 minutes at 500° 0. whereas, 
at 400° C. comparable results cannot be reached 
within several hours. Consequently, the process 
is more sensitive to temperature than treating 
time. 
A rather surprising result in the present proc 

ess, and one which is open to much specula 
tion, is the color of the decomposed matter, said 
color being dark although invisible to the naked 
eye. As a case in point, powders have been pro 
duced by this process in which 5% cumaron 
resin had been added; after processing no visible 
trace of ?lm or other matter could be noted. 
On the contrary, due to the ever-present or 

ganic substances in commercial powders, a re 
duction of the metal oxides inherent in said 
powders takes place, whereby the particles of 
powders treated according to the present process 
become more lustrous and match, more closely, 
the metallic sheen of the non-oxidized base metal, 
or metals, constituting the powders. 
Summing up, therefore, the present invention 

envisages a process for treating commercial cop 
per-base bronze powders, said powders being 
heated in an enclosure permeated with an at 
mosphere of reducing character, such as pro 
pane, the time of treatment varying from one 
half to an hour at approximately 500° C. 
The resulting powder exhibits remarkable re 

sistance to tarnishing and oxidizing agents, the 
particles of this powder being known to be grease 
free, coated with a ?lm of invisible character 
and greatly impermeable to gases, fumes and 
other corrosive agents. 
From the foregoing, it should be clear that the 

present invention is a great advance in the art of 
manufacturing bronze powders for the graphic 
and plastic trades, decoration and other indus 
tries. Aging tests conducted so far have proved 
conclusively that the bronze powders obtained 
by the invention should resist the action of tar 
nishing agents very much longer than ordinary 
non-treated powders. 
As stated previously, ordinary bronze powders 

cannot be incorporated to certain plastics, 
whereas the bronze powders treated as described 
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meet the requirement of the plastic industry for 
certain speci?c plastics. 

Additionally, the bronze powders of the inven— 
tion are heat resistant, a feature that imply 
technical applications in future out of the scope 
of ordinary powders. Furthermore, the new pow 
ders are grease free and non-lea?ng in ordinary 
paint vehicles, their increased tarnish resistance 
rend ring possible labels and other printed mat 
ter not requiring the usual varnish coating. 
As substitutes for gold leaf, on book covers, 

decals and similar applications, the high re?ec~ 
tivity and prolonged brightness of the new pow‘ 
ders offer great possibilities as an inexpensive 
alternate pigment. 

Finally, as an advantage of no mean magni— 
tude, the powders of the invention are obtained 
relatively cheaply and at a very small outlay for 
equipment. Thus, properly produced, the new 
powders should not be much higher in price than 
normal non-treated powders. 

Obviousy, many modi?cations of the process 
are possible are comprised within the spirit of 
the invention or the scope of the subjoined claims. 
as well as substitutions of materials as are kl'lUWIl. 
to be chemical equivalents. , 

Having thus described this invention, what is 
claimed is: 

l. A process for treating commercial, initially 
fattwlubricated, lamellar copper-base bronze 
powder, for rendering said powder resistant to 
tarnish discoloration, comprising con?ning such 
a powder within an enclosure, maintaining in. 
said enclosure a treating gaseous atmosphere, 
heating the powder at temperatures above 300’ 
C‘. and below the sintering temperature of the 
particular powder being treated, continuing the 
heating until the initial fatty lubricant has 
been decomposed into a hard, transparent, in 
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visible ?lm covering the individual particles of 
the powder, and using a treating atmosphere 
having no decarburizing action on the particle's 
film, said atmosphere consisting of a gas chosen 
a ong the hydrocarbon gases, nitrogen, helium, 
ca con monoxide and also carbon dioxide in 
presence of organic matter vapors. 

2. A process as claimed in claim 1, wherein the 
treating temperature ranges between 300° C. to 
750° C. . 

3. As an article of manufacture, a copper-base 
powder of lamellar particles, said particles be 
ing free of solvent-soluble organic matter and 
coated with an inorganic invisible ?lm imperme 
able to fumes and vapors causing tarnish, when 
obtained according to the process of claim 1. 

1i. A tarnish resistant copper-base bronze pow 
der of lamellar structure, vfree from grease and 
metal oxides and protected against the action of 
tarnish-producing fumes by a coating, depos 
ited on the powder lamellae, which is transparent, 
insoluble in organic solvent and of dense char 
acter, said coating being suf?ciently thick to iso 
late the lamellae against tarnish While leaving 
said lamellae with a color of their constitutive 
unoxidized metal, when obtained according to 
the process of claim 2. 

JOSEPH HALBERSTADT. 
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