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This invention relates to the treatment of zinc 
and cadmium and particularly galvanized metal 
to produce thereon an insoluble adherent corro 
Sion resistant coating which is visible and may 
be prepared in a variety of shades from a yellow 
iridescent surface through olive drab to black, 
The use of chromium compounds for coating is 

well known and many compositions or dips are 
commercially available. The present invention 
is an improvement in such dips and possesses the 
characteristic of reliability, freedom from com 
plicated procedure and may be carried out at com 
mercially acceptable costs. 
We have discovered that whereas chromium 

compounds alone do not produce a desirable coat 
ing, and whereas organic acids notably formic 
acid, alone do not produce a satisfactory surface, 
When Such compounds are combined in a dip, a 
very Satisfactory corrosion resistant finish is ob. 
tained according to this invention. Thus we use 
chronic acid, chromates, and dichromates with 
formic acid or formates, and dependent upon the 
relation of the ingredients in the dips, e.g., as 
described in the examples set forth below, obtain 
corrosion resistant coatihgs of various shades 
which are highly desirable. The temperatures 
and time periods of treatment may also be varied 
to Speed up as well as modify the coatings. One 
particular coating has a distinctly olive-drab ap 
gearance and meets the demand for a color of 
this character in which the coating is corrosion 
resistant under such conditions as those encoun 
tered by contact with salt water, and in tropical 
climates. 

In order to smooth or polish as well as vary 
the color and enhance corrosion resistance of the 
coatings, we include in the dip compounds which 
will liberate anions of mineral acids. Thus, we 
may include in the dip mineral acids in amounts 
effective for the purpose of brightening the coat 
ing, or we may include salts of the mineral acids 
for the purpose. 
The dip reacts with the zinc and in the case of 

galvanized metal forms the coating on the Sur 
face of the relatively thin surface layer of spelter 
as a molecular film, i. e., combines with the zinc 
spelter layer to produce the visible corrosion re 
sistant coating. We attribute the effectiveness of 
the. dip, at least in part, to the reduction in 
valence of the chronium which takes place in 
the presence of formic acid or a formate, and 
the action of the formic acid or formate in mains 
taining the oxidation reduction reaction between 
the base metal, e. g., zinc, and the chronic on 
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This opinion is based upon observation and is 
simply our explanation of what we consider oc 
curs. Having experimented with chromate dips 
including chromium compounds and nineral 
acids as well as organic acids, we can safely Say 
that through a wide range of proportions, ten 
peratures and immersion periods, the present in 
vention provides a reliable coating which has 
markedly improved corrosion resistance. 
In order that the invention may be more clearly 

understood, we will describe several satisfactory 
examples of dips: 

Eacample 
In this example, substantially 100 grams of 

chromic acid per liter and substantially 60 cc. of 
formic acid per liter are employed. An immer 
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sion of about 15 seconds to about a minute and 
a half or about 2 minutes may be used, and the 
temperature may vary from about room temper 
ature to about boiling. Heating appears to ac 
celerate the deposit and, hence, reduces the time 
period of immersion required. 
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Eacaraple II 
In this example about 60 cc. per liter of formic 

acid and about 30 grams per liter of chronic acid 
are.contained in the dip. The temperatures and 
time periods are substantially the same as in E 
ample. - 

Eacomple II 
In this example, soluble chromates such as po 

tassium or sodium chromate or dichromates, such 
as sodium or potassium di-chromates, are eral 
ployed and substituted for the chromic acid of 
Example I or II. We find that satisfactory coat 
ings are obtained if the chromates and di-chro 
mates are used in substantially twice the amount 
of the chromic acid in Example I or II, the pro 
portions, as well as time of immersion and ten 
perature being about the same as in the two pre 
vious examples. 

Eacomple IV 
Here a soluble formate Such as Sodium formate 

or ammonium formate is substituted for the 
formic acid in Example I, II, or II. Where a 
formate is used, it is desirable to include a min 
eral acid, such as nitric acid, hydrochloric acid 
or sulfuric acid to liberate formic acid, as well 
as impart a smooth polished surface to the coat 
ing. 

Eacample V 
In each of the coatings described in Examples I 

at the optimum for obtaining a favorable deposit. 65 to IV a mineral acid, namely, hydrochloric, Sull 



furic or nitric, or a salt of the mineral acid, such 
as cobalt nitrate, Zinc nitrate, zinc chloride, so 
dium chloride, copper Sulphate or ferric sulphate, 
are added in amount Sufficient to render the coat 
ing produced by the reaction of the chromium 
compound and the formic compound smooth and 
polished. The mineral acid or salt of mineral 
acid enhances corrosion resistance and acts as a 
color varying agent. - 
An article having a surface of zinc or cad 

inium or galvanized metal or containing these 
materials, when treated in accordance with Ex 
ample W has a coating comprising a plurality of 
identifiable Superposed films. That is, the coat 
ing comprises a water insoluble interfacial film 
Composed essentially of an oxide of the base 
metal, which film is integrally united with the 
base metal surface and bonds thereto a second 
Superposed visible film composed essentially of 
compounds containing trivalent and hexavalent 
chronium in which the water insoluble trivalent 
Compounds are in greater amount than the hex 
aValent compounds. 

It will be observed from the foregoing that 
either the chromium compound or the formic 
compound may be used in greater or less amount 
depending upon the coating desired. In all cases 
a visible surface coating is produced which, as 
explained above, has substantially improved cor 
rosion resistant properties. 

In preparing Suitable dips, the chromic acid 
may be present in amounts from about 15 grams 
per liter to about 150 grams per liter, and the 
formic acid may be used in amounts from about 
40 cc. per liter to about 100 cc. per liter. The 
mineral acid will be used in amount of about 5 to 10 cc. per liter for smoothing and brightening 
purposes and larger amounts are employed where 
a formate is employed to liberate the formic acid, 
e.g., up to about 50 cc. per liter. As explained 
above, where chromates or di-chromates are 
used, the amount is substantially twice the chro 
mic acid. Where salts of mineral acids are used, 
from 1 to 50 grams per liter have been found sat 
isfactory. Also, as explained above, where solu 
ble formates are employed instead of formic acid, 
they are used in substantially the same amounts 
as formic acid. In other words, the chromium 
compounds are present in amounts equivalent to 
15 to 150 grams per liter of chromic acid, and 
the organic compound is present in amount 
equivalent to 40 cc. to 100 cc. per liter of formic 
acid, while the mineral acid salts are used in 
amounts equivalent to 5 to 10 cc. per liter of the 
mineral acid, and larger amounts are used where 
a formate is employed as explained above. 
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Well as Salts of mineral acids other than those 
given as examples may be utilized provided they 
are Soluble, and also in the case where formates 
are used will act to liberate formic acid. 

In referring to "cadrinium and zinc' in the 
claims, we intend to include by this expression 
galvanized metal whether prepared by plating or 
hot-dipped and in which cadmium or zinc or mix 
tures thereof are employed. 

Likewise, the claims are intended to cover the 
use of mixtures of the chromium compounds, 
mixtures of the formic compounds, mixtures of 
the mineral acids, mixtures of the salts of min 
eral acids as Well as mixtures of Such acids and 
Salts. 

Preferably, the coatings described herein are 
obtained by simply immersing the zinc or cad 
mium, or galvanized metal to be coated in the 
Solution until the desired coating is formed. This 
Will vary with Changes in Concentration, tem 
perature, time of immersion and salts or acids 
used. The coated object is rinsed in hot or cold 
water to obtain an even finish or allowed to dry 
Without rinsing at which time an attractive mot 
tled appearing coating will be formed. Pretreat 
ment other than cleansing is not necessary in 
coating zinc or cadmium or galvanized metal. 
No special rinse is necessary to increase the cor 
rosion resistance. - 

Referring to Example IV wherein a formate is 
Substituted for formic acid and a mineral acid is 
employed for the purpose of liberating formic 
acid, Sufficient mineral acid is employed to bring 
the pH of the Solution to about pH 0.5 to about pH 
2,5. The pH will necessarily vary in the prepara 
tion of dips in accordance with Example IW de 
pending upon the constituents employed and 
their proportions. I 
As will be observed, the invention may be cars 

ried out in a very simple manner and one which 
we find can be utilized for continuous treatment 
to reliably give a uniform product at low cost. 
While corrosion resistance is the most impora 
tant consideration, the etched metal is provided 

45 with attractive coatings of yellow, green, or 
black, and particularly coatings having a most 
desirable olive-drab shade, 
The expression "essentially consisting of' is 

intended in the appended claims to mean the 
50 particular corfstituents recited in amounts effec 

tive to produce a visible corrosion resistant coat 
ing on zinc and cadmium when Subjected to the 
solution, but does not exclude the use in the solu 
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As indicated in the examples, the temperature . 
may vary from substantially room temperature to 
about boiling, and the time period of immersion 
from about 15 seconds to substantially a minute 
and 8 half or 2 minutes or until a visible coating 
having the desired properties is formed. 

In the claims, we refer to a "chromium com 
pound' and by that term intend to include not 
only chromic acid but the chromates and di 
chromates as well, it being understood that other 
Soluble chromates and di-chromates than men 
tioned herein are susceptible of use in accordance 
with the present invention. It is to be under 
stood that like the chromium compounds, solu 
ble formates other than recited herein may be 
utilized. In referring to the mineral acids and 
salts of mineral acids, we have described these 
in the claims as "anions of a mineral acid,", it 
being understood that numerous mineral acids as 
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tion of other components where the latter do not 
substantially alter the basic character of the 
coating obtained by use of the essential compo 
nents recited. 
We claim: 
1. A method of producing an adherent corro 

sion resistant coating on zinc and cadmium, 
comprising subjecting the same to an aqueous 
acidic solution essentially consisting of a water 
Soluble chromium compound selected from the 
group consisting of chromic acid and it salts 
and an organic compound which is easily oxidized 
by chromic acid and selected from the group con 
sisting of formic acid and soluble formates until 
a visible coating is formed, the amount of the 
organic compouad being sufficient to cause the 
choralian Corpound in conjunction with the or 
gathlc confipound to produce a visible corrogion re 
sistant chrotein containing: coating on the base 
metal 

2. A methed of producing an adheerent corro 
sion resistant ceathmgon zinc and cadmium, come 
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prising subjecting the same to an aqueous acidic 
solution essentially consisting of chronic acid 
and an organic compound which is easily oxi 
dized by chronic acid and selected from the group 
consisting of formic. acid and soluble formates 
until a visible coating is formed, the amount of 
the Organic compound being sufficient to cause 
the chromium compound in conjunction with the 
organic compound to produce a visible corrosion 
resistant chromium containing coating on the 
base metal. 

3. A method of producing an adherent corro 
sion resistant coating on zinc and cadmium com 
prising subjecting the same to an aqueous acidic 
solution essentially consisting of a water soluble 
chromium Compound selected from the group con 
sisting of chromic acid and salts thereof and an 
organic compound which is easily oxidized by 
chronic acid and selected from the group consist 
ing of formic acid and soluble formates and an 
ions of another mineral acid, until a visible coat 
ing is formed, the amount of the organic com 
pound being sufficient to cause the chromium 
compound in conjunction with the organic com 
pound to produce a visible corrosion resistant 
chromium containing coating On the base metal. 

. 4. A method in accordance with claim 3 where 
in the metal is subjected to the dip for about fit 
teen Seconds to about tW0 minutes. 

5. A method in accordance with claim 3 where 
in the metal is subjected to the dip at a temper 

from about room temperature to about 
212° E, P 

6. An aqueous acidic solution for producing an 
adhereat corrosion resistant coating on zinc and 
cadanium consisting essentially of a water soluble 
chroniura compound Selected from the group 
consisting of chronic acid and salts thereof and 
an organic compound which is easily oxidized by 
chronic acid and selected from the group cone 
sisting of formic acid and soluble foramates, said 
chronitSI COE pound and said organic corapouac 
eeing present in amounts effective to parodace & 
gaforius E. Coxtaining visible coating 0: 21c and 
Cadixair. Subjected to the solation, and the Oro 
galaic coalpond seizig used in 2: Oirat; greater 
then the equivalent of aboat &0 cc.ges ites (0: 
formic acid. 

a. Ag., aqua&ots-acidic solution for prodigcigg 3.2A 
adherex, corrosion Resistant coating or 2i.c acid 
cadriniura consisting essentially of 8, water solubie 
chrotraits. COX pound selected frogra the groig (OR 
sisting of chronic acid and Saits the '30s, 22 OE's 
gaaic coolid which is easily oxidized y cho 
raic acid and selected from the group consisting 
or for nic acid &nd Soluble for nates, as anors 
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3. 
of the formic acid being sufficient to cause the 
chromium compound in conjunction wit, the 
formic acid and zinc nitrate to produce & Wisible 
COrrosion resistant chromium containing coat 
ing on the base metal. 

9. A method of producing an adherent COrro 
sion resistant coating on zinc and cadmium con 
prising subjecting the same to the aqueous acidic 
solution essentially consisting of Sodium dichro 
mate, formic acid and zinc nitrate, until a chro 
mium containing visible coating in formed, the 
amount of the formic acid being sufficient to 
cause the chronium compound in conjunction 
with the formic acid and zinc Kaitrate to produce 
a visible corrosion resistant chronian containing 
coating on the base metal. 

10. An article having a surface of zinc and 
cadmium provided with a coating in accordance 
with claim 3, said coating comprising 8, water in 
soluble interfacial film composed essentially of 
an oxide of the base metal, said film being in 
tegrally united with the base metal surface azidi 
bonding thereto a second visible flin Cornposed 
essentially of compounds containing trivalent and 
hexavalent chromim in which the Water in Sol 
ble trivalent compounds are in greater amount 

than the haxavalent compounds. 
11. An article having a surface of zinc and 

cadmium provided with a coating in accordance 
with claim 9, said coating comprising a water in 
soluble interfacial film composed essertially of an 
oxide of the base metal, said fle being integrally 
united with the base metal surface and bonding 
thereto a second visible film composed essentially 
of compounds containing trivalent and hexavalent 
chronium in which the Water insoluble trivalent 
compounds are in greater amous) at than the hex 
avalent compounds. 

12. An aqueous acidic solution for producing 
an adherent corrosion resistant costing of 2inc 
and cadmiura consisting essentially of a Water 
soluble chronate and an organic conpoxnd which 
is easily oxidized by chronic acid and Selected 
from the group consisting of formic acid and sol 
uble formates, the amount of the Organic corri 
goad being sufficient to cause. &he chronitar con 
ground in conjunction with the Ogataic coE2022d 
to produce a visible corrosion resistant chi'O2mit5Yn 
containing coating on the oase iraet2. 

5. 

of another gaineral acid, the agnotint of the Oro - 
ganic compoundi being Sufficient to cause tae 
chroniin compound in, conjunctiox, with the or 
ganic compound and said Raineral acid loss to 
produce a visible corrosion resistant chFomiurn 
containing coating on the base metal. 

8. An agueous acidic solution for producing an 
adherent corrosion resistant coating 0 22C aid 

- cadmium consisting essentially of sodiuri dichroe 
anate, formic acid and 2inc nitrate, the arraount 
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33. A? aqueous acidic solution for prociticise 
an adherent corrosion resistant Coating of 2ire 
and cacinium consisting eSgentially of & Water 
sglue cicaroraate and 3) Organic Coalpolad 
which is easily oxidized by chronic acid 83d 
selected from the group consisting of for nic acid 
and soluble formates, the a.aouat o the Organic 
compound being sufficient to cause the chronium 
compound in conjunction rith the organic coin 
gound to produce a visible corrosion resistant 
thronium containing coating on the base metal. 

14. An aqueous acidic solution, according to 
claim 2 also containing anions of a mineral acid. 

6. An aqueoug acidic solatiot according to 
claim 12 also containing anions o? & mineral acid. 

RoBERTM, TEoidAS.   
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