
106-84 lay 
Patented May 4, 1948 . . . . 

i. 

CROSS REFERENCE 
2440,969 

UNITED STATES PATENT OFFICE 
PEOTECTIVELY COATED FERRoUs METAL, 
SURFACES AND METHOD OF PRODUCING 
SAME 

Victor Charles John Nightingal, deceased, late 
of Heidelberg, Victoria, Australia, by Ruth 
Walencia Nightingall, Aubrey Mitchell Old, and 
Charles Montefiore Gladstone Nightingal, ex 
ecutors, Melbourne, Victoria, Australia, assign 
ors to Di-Met Proprietary Limited, West Mel 
bourne, Victoria, Austr 
toria, Australia 
No Drawing. 

1. 
This invention relates to protective coatings 

for metal surfaces and, more particularly, to hard 
protective coatings for the surfaces of ferrous 
metal articles. The invention contemplates a 
novel method of producing such coatings on a fer 
rous metal surface and the resulting article hav 
ing on its surface such a hard protective coating. 

Protective coatings for metal Surfaces must 

4. 

meet several requirements if they are to be con 
sidered effective. Such coatings must be continu 
ous and impervious to corrosive elements, must be 
sufficiently hard to withstand the normal abrasion 
and mechanical shock to which metal articles are 
frequently subjected, and must have a high de 
gree of adherence to the surface of the metal ar 
ticle. If a coating does not adequately meet these 
requirements, it fails to qualify as a protective, 
coating. This is particularly true with respect to 
protective Coatings for ferrous metal articles 
where a single flaw in the coating will permit 
Widespread corrosion and even disintegration of 
the ferrous article beneath the coating. - 
The method of the present invention contem 

plates the provision of a hard protective coating 
on a ferrous metal Surface in such manner that 
the coating meets each of the aforementioned re 
quirements. The method of producing such a 
coating on a ferrous metal surface in accordance 
with the invention comprises applying to the Sur 
face a coating of a composition comprising finely 
divided metallic zinc and finely divided lead oxide 
incorporated in an aqueous solution containing an 
alkali silicate and SOdin bicarbonate, and pref 
erably also boracic acid, and drying the applied 
coating. The coating obtained by this method is 3 
extremely hard, protective, abrasion-resistant, 
adherent and water insoluble. It is particularly 
effective as a protective corrosion-resistant coat 
ing on the surface of ferrous metals such as iron 
and steel. 
The amount of finely divided zinc used in the 

coating composition may range from about 100% 
to 350% by weight of the alkali silicate solution 
and is preferably such as to comprise between 
about 140% to 280% by weight of the solution. A 
particularly effective composition comprises about 
200% by weight of the silicate solution. The fine 
ly divided zinc may advantageously comprise fine 
Zinc dust of pigment particle size as free of zinc 
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The quantity of finely-divided Iead oxide used 
in making up the composition of the invention 
may range from about 5% to 20% by weight of the 
zinc used. The lead oxide promotes drying or 
insolubilization of the coating composition and 
makes possible complete drying and insolubiliza 
ion of the coating by simple air-drying. The 
lead oxide further appears to increase the hard 
ness and abrasion resistance of the dry coating. 
About 5% lead oxide by weight of the zinc used 
appears to be the Smallest effective amount of lead 
oxide. An excess of lead oxide above about 20% 
by weight of the zinc unduly dilutes the zinc and 
tends to impair the corrosion-resistant effective 
ness of the coating. Particularly effective results 
have been obtained using amounts of lead oxide 
ranging from about 10% to 20% by weight of 
the zinc. Although the lead oxide is preferably 
added in the form of red lead (Pb3O4) because of 
its commercial availability and favorable cost, 
litharge (PbO) and lead suboxide (Pb2O) have 
been used successfully within the above-men 
tioned ranges, 
The alkali silicate solution may be made up of 

sodium-silicategotassium silicate, lithium stic 
gate, Oda of such silicates, in the form 
of an aqsassolution having a specific gravity 
of approximately 1.3 (i.e., around 30%. by weight 
of alkali silicate). Effective coating compositions 
may be made up with alkali silicate solutions of 
both higher and lower specific gravities, and sat 
isfactory results have been obtained in praetice 
with solutions containing from about 20% to 40% 
by weight of the alkali silieate. The sodium sili 
cate, for example, may be of any of the commonly 
marketed ratios of Na2O to SiO2, which generally 
range from 1 to 13.9, but particularly satis 
factory drying characteristics are obtained with 

Na2O to SiO2 ratio between about 1:2.4 and 
26. 
To the solution of alkali silicate is added sodi 

umbicarbonate in amount ranging from about 
0.1% to about 0.8% by weight based on the 
weight of the alkali silicate solution. The actual 
amount of sodium bicarbonate required in the 
silicate solution to effect the formation of an ins 
soluble complex silicate in accordance with the 
invention varies with the amount of free alkali in 
the silicate solution which must be neutralized by 
the bicarbonate before the unconsumed bicarbon 
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ate is available to produce the desired complex 
silicate. The amount of free alkali to be neu 
tralized depends to some extent upon the ratio 
of Na2O to SiO2 in the silicate and upon the 
concentration of the silicate solution. The 
amount of free alkali to be neutralized also ap 
pears to vary with the amount of zinc present in 
the composition, and, of course, depends upon 
whether boracic acid is used in preparing the coat 
ing composition as hereinafter more fully dis 
cussed. Approximately 0.1% sodium bicarbonate 
appears to be the smallest effective amount which 
can be used in accordance with the invention, and 
this lower limit can be obtained only by the use 
of the maximum permissible amount of boracic 
acid. Amounts of sodium bicarbonate substan 
tially in excess of 0.8% by weight of the sili 
cate solution can be tolerated, either in the pres 
ence or absence of boracic acid, without preclud 
ing the formation of an insoluble coating when 
the applied composition is dried. However, such 
excessive amounts of sodium bicarbonate are det 
rinental to the appearance of the coating because 
they promote the formation of a bloom on its sur 
face and are detrimental to the effectiveness of 
the coating because they tend to impart porosity 
thereto. 
The sodium bicarbonate may be added to the 

silicate solution in the solid form of in the form 
of an aqueous solution. The latter form is pre 
ferred because it facilitates complete dissolution 
and uniform dispersion of the sodium bicarbon 
ate in the alkali silicate solution. The bicar 
bonate solution is advantageously one which is 
Saturated with the bicarbonate at the tempera 
ture of the silicate solution to which it is added 
(generally room temperature). For example, the 
addition of about 12 parts by volume of a sodium 
bicarbonate solution saturated at 60° F. to 100 
volumes of an alkali silicate solution having a 
Specific gravity of about 1.3 is equivalent to the 
addition of about 0.8% of sodium bicarbonate by 
weight of the silicate solution. Smaller quanti 
ties of the bicarbonate solution may be added to 
the silicate solution when less free alkali is 
present to be neutralized by the bicarbonate as 
explained herein above, 

Boracic acid is preferably also added to the 
alkali silicate solution in an amount sufficient to 
react with the bulk of the free alkali in the solu 
tion but insufficient to cause precipitation of 
silicic acid. To the extent that the free alkali 
is neutralized by the boracic acid, the required 
amount of sodium bicarbonate may be reduced in 
accordance with the principle heretofore ex 
plained. For example, when about 0.2% by 
Weight of boracic acid based on the weight of the 
Solution is added to a sodium silicate solution 
having a specific gravity of about 1.3 and a Na2O 
to SiO2 ratio of about 1:2.4, the amount of sodium 
bicarbonate required in accordance with the in 
vention may be reduced to about 0.2% by weight 
of the silicate solution. Larger or smaller 
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amounts of boracic acid may be used with ad- 65 
Wantage, the only limitation being that it be not 
added in amount sufficient to cause precipitation 
of silicic acid from the silicate solution. The 
boracic acid may be added in the solid form, al 
though it is preferred to add the boracic acid 
in the form of a substantially saturated aqueous 
solution in order to facilitate dissolution thereof 
in the silicate solution. In addition to its effect 
in reducing the amount of sodium bicarbonate re 
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4. 
ing composition effects a substantial increase iri 
the hardness of the dry coating. 

Informing a hard protective coating on a metal 
surface in accordance with the invention, the 
metal surface such as iron or steel is preferably 
first cleaned to remove all Scale, rust, dirt, and 
the like. The metal surface may be cleaned in a 
pickling bath such as a solution of phosphoric 
acid or sulphuric acid, followed by appropriate 
rinsing. The surface may also be cleaned by 
sand blasting, buffing, or other mechanical 
means. The surface of the metal is theri coated 
with the composition comprising the finely di 
vided zinc and lead oxide incorporated in the 
aforesaid aqueous silicate solution. The compo 
sition may be applied to the metal surface either 
by dipping, brushing, spraying, or the like. The 
dipping procedure produces a relatively heavy 
coating which varies in thickness with the vis 
cosity of the coating composition. The brushing 
and spraying procedures are more readily con 
trolled and can be used to provide any coating 
thickness ranging from very thin coatings to 
heavy coatings of excellent physical character 
istics. 
The composition applied to the metal surface 

is then dried under conditions such as to Sub 
stantially dehydrate the coating composition. 
This result may be accomplished by permitting 
the applied composition to dry for a period of at 
least twenty-four hours, and preferably for a 
period of about 36 to 48 hours, in an atmosphere 
of normal temperature and humidity. Excessive 
moisture in the atmosphere, as evidenced by high 
humidity, or rain or dew, impedes the drying step 
and interferes with the production of a hard, 
protective coating. The drying may be expedite 
with particularly effective results by heating the 
applied coating to a temperature of about 180 to 
5Q.F. for a period of about 2 to 12 hours, the 
heating period depending upon the heating tem 
perature used. 
The chemical reactions which take place with 

in the applied coating composition during the 
drying stage are obscure, although there is evi 
dence that a mixture of silicates or complex sili 
cates, or both, are formed. It appears that the 
lead oxide has a catalytic action which is par 
ticularly important when dehydration is effected 
at normal temperatures. Additionally, however, 
the lead oxide improves the properties of the 
coatings obtained either by air-drying or by 
heating to a temperature of 180° F. or higher. 
It is believed that carbon dioxide released from 
the bicarbonate reacts to produce carbonate of 
zinc or other zinc compounds which in turn re 
act with the sodium silicate or silicic acid pre 
cipitated by the carbon dioxide to form a com 
plicated zinc silicate. These Suggested reactions, 
however, represent Only the first stage of the 
formation of the ultimate coating, as further 
advantageous but obscure changes occur slowly 
over a period of one or two years or more. 
The boracic acid incorporated in the solution 

reduces the alkalinity thereof and thus the car 
bon dioxide Subsequently released from the bi 
carbonate is more fully available to react with 
the zinc, since Only a minor portion of the bi 
carbonate is then required for completely neu 
tralizing the alkalinity of the silicate solution. 
The boracic acid presumably reacts with the free 
alkali to form borax which latter, it is thought, 
has a useful fluxing effect. 
The tenacity with which the dried coating ad 

quired, the inclusion of boracic acid in the coat- Ts heres to the metal surface to which it has been 
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applied suggests that some reaction with the 
ferrous metal surface takes place, such as the 
formation of an iron silicate. Whatever reac 
tions actually take place, the applied composi 
tion forms a protective, hard, abrasion-resistant, 
adherent coating by the end of the drying period, 
that is, by the time the applied composition is 
substantially dehydrated. It must be under 
stood, however, that the dehydration referred to 
herein comprises the removal of free moisture 
from the applied composition and not necessarily 
the complete removal of water chemically com 
bined with the other ingredients of the coating 
composition. 
The following specific examples will serve to is 

further illustrate the practice of the invention: 

Y 

An aqueous solution of sodium silicate and 
sodium bicarbonate was prepared by dissolving 
in water a sufficient quantity of sodium silicate 
having a Na2O to SiO2 ratio of about 1:24 to form a solution having a specific gravity of ap 
proximately 1.3, and by then adding thereto a 
saturated solution of sodium bicarbonate (i. e., saturated at 60°F) in the proportion of 12 parts 
by volume of the sodium bicarbonate solution 
to 100 parts by volume of the silicate solution. 
This addition corresponds to about 0:8% sodium 
bicarbonate by weight of the silicate solution. 
Sufficient boracic acid was then incorporated in 
the solution to substantially completely remove 
free alkali therefrom while avoiding precipita 
tion of silicic acid. About 5% pints (Imperial) 
of this solution weighing about 9 pounds were 
placed in a mechanical mixing machine and 
about 20 pounds of very fine zinc dust substan 
tially free of zinc oxide were added. The mix 
ture was then Worked in the mixing machine for 
about 4 minutes, after which approximately 10% 
of red leadby weight of the solution (i.e., about 
1 pound) was added, and mixing was continued 
for an additional 4 to 10 minutes. 
position was promptly applied to a metal surface 
with a brush and the applied coating was allowed 
to dry in the air at temperate humidity and tem 
perature conditions for a period of about 36 
hours. The resulting coating was hard, insoluble, 
adherent, and abrasion-resistant and fully pro 
tected the metal surface against corrosion by 
outdoor atmospheric conditions. 

I 

An aqueous solution of sodium silicate was pre pared having a specific gravity of approximately 
1.3 and a Na2O to SiO2 ratio of 1:2.4. To 100 gallons (Imperial) of this solution were added 
2.5 pounds of boracic acid and 2.5 pounds of 
sodium bicarbonate, both in the form of satu 
rated solutions at room temperature. About 6 
pints (Imperial) of the resulting solution, weigh 
ing approximately 10 pounds, were placed in a 
mechanical mixer and 20 pounds of commercial 
zinc dust were added. After a few minutes in 
terval 2 pounds of red lead were added and 
mixing was continued for an additional period of 
several minutes. The coating obtained by air 
drying the composition applied to a steel surface 
was hard, insoluble, adherent and abrasion-re 
sistant and fully protected the steel surface 
against corrosion. 

II. 

An aqueous solution of sodium silicate having 
a Na2O to SiO2 ratio of 1:2.4 was prepared hav 
ing a specific gravity of about 1.3. About 10.5 
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6 
pounds of sodium bicarbonate were added to 
1300 pounds of the silicate solution by adding 12. 
gallons (Imperial) of a solution of sodium bi 
carbonate saturated at 60°F. to 100 gallons (Im 
perial) of the sodium silicate solution. About 20 
pounds of zinc dust and 2 pounds of red lead 
were incorporated in 6 pints (Imperials of the 
silicate-bicarbonate solution and the resulting 
composition was applied with a brush to a steel 
surface. The coating was allowed to dry in the 
open atmosphere and formed a hard, insoluble, 
abrasion-resistant and corrosion-resistant coat 
ing On the steel surface. 
The aqueous solution of alkali silicate contain 

ing either sodium bicarbonate alone or sodium 
bicarbonate and boracic acid is stable over a 
long period of time. Upon the addition of the 
metallic zinc and lead. Oxide to the silicate solu 
tion, however, the mixture becomes unstable in 
that it tends to Set. The time required for this 
setting to become objectionable ranges from about 
10 minutes in an atmosphere at a temperature 
substantially in excess of 90°F. to about 10 hours 
in a cold atmosphere. Accordingly, the solid 
ingredients of the composition (the finely divided 
zinc and the lead oxide) should not be incor 
porated in the silicate solution until just before 
the composition is to be applied to the metal 
surface to be protected. In general, the coating 
composition of the invention should be applied 
to the ferrous metal surface within about 15 to 
45 minutes after incorporation of the metallic 
zinc and lead. Oxide in the silicate Solution. For 
this reason, it is expedient.to prepare the silicate 
Solution in large quantities but to add the solid 
ingredients to only so much of the silicate solu 
tion as will make up a volume of coating comi 
position which can be applied to the ferrous 
Surface within the aforementioned time limit. 
The zing and lead oxide may be added separately 
to the silicate solution or they may be combined 
in the desired proportion for incorporation in 
the silicate solution as a single addition. Thus, 
the coating composition is advantageously pack 
aged for field and other use in the form of two 
complementary units (one the liquid vehicle and 
the other the solid ingredients) adapted, when 
their contents are admixed, to produce the com 
position of the invention in condition for imme 
diate use. 

It will be understood also that, if desired, pig 
Filents and/or fillers may be included in the above 
mentioned coating mixtures either to provide 
increased body or to modify the appearance, 
whether as to color or otherwise, of the resultant 
COatingS. 
This application is a continuation-in-part of 

an application for Letters Patent of the United 
States, filed March 18, 1947, Serial No. 735,534, 
now abandoned, which application was a con 
tinuation-in-part of an application for Letters 
Patent of the United States, filed July 3, 1945, 
Serial No. 603,116, both of said applications hav 
ing been filed by Victor Charles John Nightingali. 

Etis claimed: 
1. The method of producing a hard protective 

coating On a ferrous metal surface which con 
prises applying to the surface a coating of a com 
position comprising finely divided metallic zinc 
and finely divided lead oxide incorporated in an 
aqueous solution of an alkali silicate and sodium 
bicarbonate, the aqueous solution containing 
about 20% to 40% by weight of the alkali sili 
Cate and about 0.1% to 0.8% by weight of so 
dium bicarbonate, the zinc being present in 
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amount of about 100% to 350% by weight of said 
solution and the lead oxide being present in 
amount of about 5% to 20% by weight of the 
zinc, and drying the applied coating. 

2. The method of producing a hard protective 
coating on a ferrous metal surface which com 
prises applying to the surface a coating of a 
composition comprising finely divided metallic 
zinc and finely divided lead oxide incorporated 
in an aqueous solution of an alkali silicate and 
sodium bicarbonate, the aqueous solution con 
taining about 30% by weight of the alkali sili 
cate and about 0.2% to 0.8% by weight of so 
dium bicarbonate, the zinc being present in 
amount of about 140% to 280% by weight of said 
solution and the lead oxide being present in 
amount of about 10% to 20% by weight of the 
zinc, and drying the applied coating. 

3. The method of producing a hard protective 
coating on a ferrous metal surface which com 
prises applying to the surface a coating of a com 
position comprising finely divided metallic zinc 
and finely divided lead oxide incorporated in an 
aqueous solution of an alkali silicate and SOdium 
bicarbonate, 
about 30% by weight of the alkali silicate and 
about 0.8% by weight of sodium bicarbonate, 
the zinc being present in amount of about 200% 
by weight of said solution and the lead oxide being 
present in amount of about 10% by weight of 
the zinc, and drying the applied coating. 

4. The method of producing a hard protec 
tive coating on a ferrous metal surface which 
comprises applying to the surface a coating of 
a composition comprising finely divided metallic 
zinc and finely divided lead oxide incorporated in 
an aqueous solution of an alkali silicate contain 
ing sodium bicarbonate and boracic acid, the 
aqueous solution containing about 20% to 40% 
by weight of the alkali silicate, about 0.1% to 
0.8% by weight of sodium bicarbonate, and the 
boracic acid being added to the solution in amount 
sufficient to react with the bulk of the free alkali 
in the solution but insufficient to cause precipi 
tation of silicic acid, the zinc being present in 
amount of about 100% to 350% by weight of 
said solution and the lead oxide being present in 
amount of about 5% to 20% by weight of the 
zinc, and drying the applied coating. 

5. The method of producing a hard protec 
tive coating on a ferrous metal surface which 
comprises applying to the surface a coating of 
a composition comprising finely divided metallic 
zinc and finely divided lead oxide incorporated 
in an aqueous solution of an alkali silicate con 
taining sodium bicarbonate and boracic acid, the 
aqueous solution containing about 30% by weight 
of the alkali silicate, about 0.2% to 0.8% by 
weight of sodium bicarbonate, and the boracic 
acid being added to the solution in amount suff 
cient to react with the bulk of the free alkali in 
the solution but insufficient to cause precipita 
tion of silicic acid, the zinc being present in 
amount of about 140% to 280% by weight of 
said solution and the lead oxide being present 
in amount of about 10% to 20% by weight of 
the zinc, and drying the applied coating. 

6. The method of producing a hard protec 
tive coating on a ferrous metal surface which 
comprises applying to the surface a coating of 
a composition comprising finely divided metallic 
zinc and finely divided lead oxide incorporated 
in an aqueous solution of an alkali silicate con 

the aqueous solution containing 
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taining sodium bicarbonate and boracic acid, the 
aqueous solution containing about 30% by weight 
of the alkali silicate, about 0.2% by weight of 
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sodium bicarbonate, and about 0.2% by weight 
of boracic acid, the zinc being present in amount 
of about 200% by weight of said solution and 
the lead oxide being present in amount of about 
10% by weight of the zinc, and drying the ap 
plied coating. 

7. A ferrous metal article having on the Sur 
face thereof a hard protective coating resulting 
from the application thereto and the drying 
thereon of a composition comprising finely di 
vided metallic zinc and finely divided lead oxide 
incorporated in an aqueous solution of an alkali 
silicate and sodium bicarbonate, the aqueous so 
lution containing from about 20% to 40% by 
weight of the alkali silicate and from about 0.1% 
to 0.8% by weight of the sodium bicarbonate, the 
zinc being present in amount of about 100% to 
350% by weight of said solution, and the lead 
oxide being present in amount of about 5% to 
20% by weight of the zinc. 

8. A ferrous metal article having on the sur 
face thereof a hard protective coating resulting 
from the application thereto and the drying 
thereon of a composition comprising finely divid 
ed metallic zinc and finely divided lead oxide in 
corporated in an aqueous solution of an alkali 
silicate and sodium bicarbonate, the aqueous so 
lution containing about 30% by weight of the 
alkali silicate and about 0.8% by weight of the 
sodium bicarbonate, the zinc being present in 
amount of about 200% by weight of said solu 
tion, and the lead oxide being present in amount 
of about 10% by weight of the zinc. 

9. A ferrous metal article having on the Sur 
face thereof a hard protective coating resulting 
from the application thereto and the drying there 
on of a composition comprising finely divided 
metallic zinc and finely divided lead oxide in 
corporated in an aqueous solution of an alkali 
silicate, sodium bicarbonate and boracic acid, the 
aqueous solution containing from about 20% to 
40% by weight of the alkali silicate, from about 
0.1% to 0.8% by weight of the sodium bicar 
bonate, and an amount of boracic acid sufficient 
to react with the bulk of the free alkali in the 
solution but insufficient to cause precipitation 
of silicic acid, the zinc being present in amount 
of about 100% to 350% by weight of said solu 
tion, and the lead oxide being present in amount 
of about 5% to 20% by weight of the zinc. 

10. A ferrous metal article having on the sur 
face thereof a hard protective coating resulting 
from the application thereto and the drying 
thereon of a composition comprising finely divided 
metallic zinc and finely divided lead oxide in 
corporated in an aqueous solution of an alkali 
silicate, sodium bicarbonate and boracic acid, the 
aqueous solution containing about 30% by weight 
of the alkali silicate, about 0.2% by weight of 
the sodium bicarbonate, and about 0.2% by weight 
of boracic acid, the zinc being present in amount 
of about 200% by weight of said solution, and 
the lead oxide being present in amount of about 
10% by weight of the zinc. 
RUTH, VALENCIA NIGHTING ALL, 
AUBREY MITCHELL, OLD, 
CHARLES MONTEFOREGLAOSTONE - 

NIGHTING ALL, 
Eacecutors of the Estate of Victor Charles John 
Nightingal, Deceased, 

- - - - - 


