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The present invention relates to a method for forming 
adherent coatings on metal surfaces which are useful to 
provide electrical insulation, heat resistance, equity; 
resistanceI as a basejgr paint, varnishes and the like, and 
may used as an aid in the deformation of metals. 
More particularly, this invention relates to a method of 
forming adherent coatings on metal surfaces by applying 
aqueous solutions, dispersions or suspensions to the metal 
surface and heating the coated metal surface at an elevated 
temperature to effect interreaction and adhesion of the 
coating to the surface. 
A number of processes have been proposed, in the past, 

for the purpose of forming electrically insulating coatings 
on metal surfaces. Such processes include two basically 
different types. The ?rst of these merely mechanically 
applies a coating to the surface and the cotating is dried 
on the surface, for example, the application of paste to 
paper surfaces, or the application of varnish coatings or 
the like. The second type involves the formation of a 
chemical coating on the surface, that is, one which is ob 
tained through a reaction between the components of the 
applied material and the surface to effect adherence and 
coating formation. Thus, for instance, phosphate coat 
ings have been applied for the purpose of producing heat 
insulating coatings by the use of alkaline earth metal phos 
phates and annealing the coating on a surface. Such coat 
ings provide heat resistance up to about 1000° C. in a 
properly protective gas atmosphere. It is also known 
that the heat resistance of coatings formed from aqueous 
acidic metal phosphate solutions such as iron phosphate, 
zinc phosphate and manganese phosphpaleiilrorweuhan 
ObQnedJQmJheJse-OI .htli'e‘gildkalines earth metal 
phosphates. 
“It’is a primary object of this invention to provide a 

process for coating metal surfaces with an adherent coat 
ing which is capable of protecting the metal surface 
against corrosion at temperatures as high as about 

“41299112.. Another object of this invention is to provide an im 
proved process for coating metal surfaces with an elec 
trically insulating coating which renders the coated metal 
suitable for use in a variety of electrical applications such 
as transformer cores, magnet cores, and the like. 

Another object of this invention is to provide an im 
proved method for coating metal surfaces with a coating 
which is su?iciently adherent to permit deformation of 
the metal into the desired ?nal form and to retain su?icient 
coating on the surface to be an effective electrical 
insulator. 

This invention is related to the invention disclosed in 
United States Serial 173,830, ?led February 16, 1962, 
which application has inventors and assignee common to 
this application. 

This invention represents a modi?cation of the process 
described in US. application Serial 173,830, ?led Febru 
ary 16, 1962, in that it may employ the compositions and 
procedures described therein as the ?rst step in the process 
of this invention. 

In accordance with this invention it has been found that 
improved tempgatgmresistanm?lli .cllegtwce 
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is imparted to aqueous '. - - 1 - -- - -'uced coatings 

on metal surfaces when the annealed water glass coating 
is subjected to a sec ggtrqeagnent Whichiorms an 
additional overlying or single but‘modi?ed coating on the 
metal surface. For this second step treatment, it has been 
found to be satisfactory to coat the annealed water glass 
coated metal surface with an aqueous hexavalent 

_~_ ' ' ' ' or dispersion 

or with an a - - I - - - - - - - on, suspension 

or dispersion, which second coating is then dried and an 
nealed at an elevated temperature to secure uniformity and 
adherence of the total coating. 

Phgsphategsolutions which are suitable for the second 
step application in the process of this invention include 
aqueous solutions of calcium, barium, magnesium, stron 
tium, beryllium and aluminum phos hates and mixtures 
thereof, particularly the mono-phosphate solutions of 
these metals. For this purpose the compositions may in 
clude from about 70 grams P04 per liter up to about 400 
grams PO, per liter, but somewhat better results are ob 
tained if the P04 is maintained above about 100 grams 
per liter. A preferred concentration is in the range of 
140 grams PO, per liter to about 340 grams P04 per liter 
Such aqueous phosphate solutions should include a su?i 

' cient quantity of free phosphoric acid to keep the phos 
phate salt in solution and concurrently avoid the forma 
tion of a precipitate. The preferred quantity of free 
phosphoric acid is that amount which corresponds to the 
equilibrium condition which maintains the phosphate salt 
in solution and avoids precipitation, and since the equilib 
rum solubility of the phosphates increases as phosphoric 
acid is added, the particular quantity which is necessary 
will depend upon the P04 concentration which is selected. 

Thickness of the phosphate coating which is to be 
' formed may be partially controlled by varying the con 

centration of the phosphate in the solution. _I'f__des1red, 
however, the thickness may be partially controlled by the 
use of ?ller aterials sughmmnnlt?mmghlyjis 
persed gL a, glumirmntertiarycalcium 
pho? e. Such ?llers are preferably added to the phos 
phate solution in the form of ?ne particles to thus form 
a ?ne dispersion. The compositions may also include 
other heat resistant oxides such as titanium dioxide, 
chromic oxide, and zirconium oxide. other‘?lmzy‘be 
formed during the annealing process apglpmay - 
porated in -- - ' ' tesolgignjnmtheiorm of I 

a Mistlmnonndsuch, for example, as boric acidI am 
monium borate, the polysilicates, the polyphosphates, and 
speci?cally the ammtminm, -.- ---- -_-_, " es 
and polyphosphates. The phosphate solutions may be 
modi?ed to contain normally decomposable phosphates 
such as the phosphates of ammonia or derivatives thereof 
including urea phosphates, aniline phosphates or the or 
ganic esters of phosphoric acid such as methyl, ethyl, 
propyl and butyl phosphate esters. Pyridine phosphates 
and the alkyl substituted ammonium phosphate containing 
less than 7 carbon atoms may also be employed. In the 
compositions which include both an alkaline earth metal 
phosphate such as calcium phosphate and a thermally de 
composable phosphate, it has been found to be desirable 
to maintain the P04 concentration at not less than about 
100 grams per liter and in this case the primary calcium 
phosphate may vary within the range of about 100 to 250 
grams per liter, calculated as Ca(H2PO4)2-1H2O. The 
thermally decomposable phosphate may vary relative to 
the calcium phosphate or its equivalent within the range 
of ratios of primary NH, to primary Ca or other alkaline 
earth metal, inclu ' ' . 6 to 1 and l to 1. 
lnwsu'ch compositions the ratio of free PO, to the total PG, 
content, expressed as the ratio of free P205 to total P205 
should be within the range of 1 to 7.7 and 1 to 2.9. 
When the second step employs hexavalent chromium 
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containing materials, it is preferable to utilize water solu 
ble hexavalent chromium-containing compounds such as 
the alkali metal chromates and dichromates. It is how 
ever, satisfactory to employ water insoluble hexavalent 
chromium containing compounds such as the zinc di 
chromate, zinc tetroxy chromate and the like. In either 
event, a satisfactory concentration of such hexavalent 
chromium compound is one which is equivalent to about 
50 to 100 grams per liter of CrO3. 

In accordance with the multi-step process of this inven 
tion, it has been found that this is satisfactory to employ 
as a ?rst step solely an aqueous water glass composition. 
For this purpose, the water glass concentration may vary 
within the range of about 50 to about 500 grams per liter, 
depending upon the thickness of the ?rst layer coating 
which is desired. As above indicated, the initial layer of 
the multi-layer coating of this invention may be formed 
satisfactorily by using any of the alkaline earth metal 
oxide, or hexavalent chromium modi?ed aqueous water 
glass compositions described and claimed in copending ap 
plication Serial No. 173,830. As set forth therein, in such 
compositions the hexavalent chromium-containing com 
pounds which may be used include zinc tetroxychromate, 
zinc dichromate, and the like, as well as the alkali metal 
chromates and dichromates and the alkaline earth metal 
chromates. When the second step in the process of this 
invention involves the use of a hexavalent chromium con 
taining solution or suspension, it is preferable to use a 
water glass concentration in the range of 300 to 500 grams 
per liter. However, when an aqueous water glass solution 
containing one of the alkaline earth metal oxides or alumi 
num oxides is employed for forming the ?rst layer coating, 
it is preferred to use a concentration of water glass within 
the range of about 80 to about 250 grams per liter. 

In summary, the aqueausanatmgltggggmihe 
?rst layer may include about 50 to a on grams per 
liter of at least one oxide selected from the group con 
sisting of calcium oxide, magnesium oxide, barium oxide, 
strontium oxide, aluminum oxide and a hexavalent chro 
mium containing co ' amount equivalent to 
about 50 to about 100 grams per liter of CrO3. The com 
positions may include from about .25 to about 10 grams 
per liter of an oxide of a multi-valent metal selected from 
the group consisting of titanium, vanadium, chrgmium, 
manganese, iron, cobalt and nickel. 

ter the aqueous water glass coating is applied in the 
quantity su?icient to produce a coating thickness in the 
range of about 2 to about 20 microns and preferably about 
3 to about 10 microns, the water content is carefully 
evaporated from the coating to initially ?x that coating 
on the surface. Subsequently, the coating is then sub 
jected to an elevated temperature curing in the range of 
about 300° to about 1200” C. and for the purposes of 
this invention it is preferred to employ a curing tempera 
ture in the range of about 500° to about 900° C. 

After the ?rst layer of the coating is annealed and 
cooled, the coating is ready for the application of the 
selected phosphate or hexavalent chromium containing 
solution to form the overlying or modi?ed two layer coat 
ing. The second layer may be applied by using the same 
procedure as that employed in the formation of the ?rst 
layer, namely, by dipping, spraying or rolling, preferably 
with grooved rollers. The quantity of material which is 
applied is controlled to produce a relatively thin coating 
having a total thickness not exceeding about 20 microns. 
The phosphate or hexavalent chromium-containing second 
layer of the coating is then cured at a temperature in the 
range of 300° C. to 1200” C. and preferably in the range 
of 500° C. to 900° C. Somewhat better results are ob 
tained when the minimum temperature of 600° C. is em 
ployed and at this temperature a good coating is formed 
in about 5 minutes. As the temperature is increased 
toward the upper limit, the required time to effect a satis 
factory cure decreases so that at about 1200° C. satis 
factory cure is achieved in about 1 to 2 minutes. 

10 

4 
The following examples will serve to illustrate this in 

vention in somewhat greater detail. 
Example I 

An aqueous solution was prepared using commercial 
sodium silicate water glass having a density of 1.385 to 
1.41 at a concentration of 50 grams per liter of the water 
glass. 

Cold rolled electro sheet stock containing 3% silicon 
and carbon of less than 0.01% was then coated with the 
aqueous water glass solution by using grooved rollers. 
The water was evaporated fromthe coating by using 
infra-red bulb heaters and then the coated metal parts 
were positioned in a nitrogen atmosphere furnace and 
maintained therein at 900° C. for 5 minutes and with 
drawn. An inspection of the coating showed that it had 
a thickness of 3-4 microns. 
The rupturing voltage of the coating was established 

by placing an electrode with a load of 30 grams per square 
centimeter on the coated surface, the electrical circuit 
including a transformer capable of providing alternating 
voltage of varying intensity and the bare sheet metal to 
thus complete the circuit. The rupturing voltage was 
established by slowly increasing the alternating voltage 
from the transformer from zero voltage slowly until a 
reak-down of the coating took place, and the voltage 

at the break-down was recorded as the rupturing voltage. 
Each coating was tested at a plurality of locations over 
its entire surface and the reported value for the rupturing 
voltage is the average of this plurality of separate location 
rupturing voltage readings. 

Using this test on the water glass coated surface, the 
rupturing voltage was found to be between 10 and 50 
volts. 
A number of sheets coated with the annealed water 

glass coating, as above described, were coated with an 
aqueous composition containing 110 grams per liter 

62 grams per liter NH4H2PO4 and 54 grams per liter free 
P205 (added as H3PO4). This phosphate solution was 
applied with grooved rubber rollers so that the excess was 
removed. After a short preliminary drying, the coating 
was annealed at 550° C. for l-2 minutes in air. After 
this treatment, the coating thickness was found to be 4 
to 5 microns. Using the above rupturing voltage meas 
urement, the average rupturing voltage was found to be 
increased to within the range of 200 to 230 volts. 

Example ll 
Electro sheets of the type speci?ed in Example I were 

coated with an aqueous water glass solution containing 
100 grams per liter water glass dried and annealed for 
5 minutes at 900° C. in a nitrogen atmosphere furnace. 
The coatings had an average thickness of 3—4 microns and 
a rupturing voltage of 10-90 volts, when determined by . 
the procedure outlined in detail in Example I. 
A plurality of these sheets were coated with the phos 

phate solution of Example I, dried and annealed for l-2 
minutes at 550° C. in an air atmosphere furnace. The 
total coating thickness was about 4-5 microns and the 
rupturing voltage was found to be in the range of 200 to 
230 volts. 

Example III 

Electro sheets of the type identi?ed in Example I were 
rubber roller coated with an aqueous water glass com— 
position containing 200 grams per liter of water glass. 
After drying and annealing for 5 minutes at 900° C. in 
a nitrogen atmosphere furnace, these sheets were found 
to be coated with a coating having a thickness in the 
range of 4-5 microns. When tested for rupturing voltage 
by using the test described in Example I, the coatings 
were found to have an average rupturing voltage in the 
range of 130 to 200 volts. 
A plurality of the coated sheets were coated with the 

~ 1 
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phosphate composition identi?ed in Example I and, after 
drying, were annealed in an air atmosphere furnace at 
550° C. for 1-2 minutes. After annealing, the coatings 
had a thickness of about 5 to 6 microns and the ruptur 
ing voltage was determined to be in the range of 200 to 
230 volts. 

Example IV 

Electro sheets of the type identi?ed in Example I were 
rubber roller coated with an aqueous water glass solution 
containing 400 grams per liter of water glass. After 
preliminary drying and annealing for 5 minutes at 900° 
C. in a nitrogen atmosphere furnace, the average coating 
thickness was found to be from 4-5 microns and the 
rupturing voltage from 150-200 volts. 
A plurality of the coated sheets were given a second 

coating with the phosphate composition identi?ed in 
Example I and, after preliminarily drying and annealing 
at 550° C. fougwminutes in an air atmosphere furnace, 
the coating t ' was ound to be about 5-6 microns. 
The average rupturing voltage was found to be in the 
range of 200 to 230 volts. 

Example V 

An aqueous water glass solution was prepared, using 
the commercial water glas identi?ed in Example I, con 
taining 50 grams per liter water glass and 60 grams per 
liter of ?nely-powdered magnesium oxide. 

Electro sheet of the type speci?ed in Example I was 
rubber roller coated with this water glass composition, 
preliminarily dried and annealed for 4 hours at 1000° C. 
in a pure nitrogen atmosphere furnace. After cooling 
in the nitrogen atmosphere furnace, the coatings were 
checked for rupturing voltage and the average was found 
to be in the range of 80-150 volts. 
A number of the sheets were given a second phosphate 

coating with the composition identi?ed in Example I. 
After preliminarily drying and annealing in air at 550° 
C. for 1-2 minutes, the coating thickness was found to 
average about 5 microns and the rupturing voltage was 
found to be 250 volts and higher. 
Another plurality of the water glass coated panels were 

provided with a phosphate coating from the same solu 
tion and, after preliminarily drying, were annealed for 4 
hours at 840° C. in a 95% nitrogen-5% hydrogen atmos 
phere furnace and the total layer thickness was still about 
5 microns. The rupturing voltage for these coatings was 
found to be in the range of 220-240 volts. 

Example VI 

An aqueous water glass solution was prepared contain 
ing 100 grams per liter of water glass and 60 grams per 
liter of ?nely-powered magnesium oxide. 

Electro sheet of the type identi?ed in Example I was 
coated with this water glass solution, preliminarily dried 
and annealed for 4 hours at 1000° C. in a furnace con 
taining an atmosphere of 80% nitrogen-20% hydrogen. 
After cooling, the sheet was coated with the same phos 
phate coating solution identi?ed in Example I, dried and 
annealed for 1-2 minutes in air at 550° C. Inspection 
revealed that the coatings had an average thickness of 
about 5 microns and a rupturing voltage which was 250 
volts and higher. 

Example VII 

Electro sheet of the type identi?ed in Example I were 
coated with an aqueous solution containing 300 grams 
per liter of sodium silicate water glass. After prelimi 
narily drying, the coatings were annealed in a pure nitro— 
gen atmosphere furnace for 10 minutes at 900° C. After 
cooling, the surfaces were coated with a second layer 
from an aqueous solution containing 200 grams per liter 
of ammonium dichromate and 0.5 gram per liter of a 
non-ionic wetting agent of the hydrogenated tallow amide 
type, in which the nitrogen thereof is substituted with 15 
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6 
mols of ethylene oxide, commercially available under 
the name Emulgator Ethomide HT/ 25. After drying, the 
coating was annealed in a pure nitrogen atmosphere 
furnace for 10 minutes at 900° C. and the rupturing volt 
age was found to be in the range of 140-240 volts. 
A number of sheets were coated with the 300 grams 

per liter sodium water glass solution and after annealing 
as above described, were given a second coating from 
a composition containing 200 grams per liter of am 
monium dichromate, 10 grams per liter of H2SiF6 and 
0.5 gram per liter of the non-ionic emulsi?er identi?ed 
above. After preliminarily drying and annealing for 10 
minutes at 900° C. in a pure nitrogen atmosphere furnace, 
the coatings were found to have substantially the same 
thickness, 3-5 microns, as those obtained from the treat 
ment not including the H2SiF6 ingredient and a rupturing 
voltage in the range of 140-200 volts. 

Example VIII 

Electro sheet of the type identi?ed in Example I were 
given a ?rst coat of a solution containing 500 grams per 
liter of sodium silicate water glass, dried and annealed for 
10 minutes at 900° C. After cooling, the sheets were 
given a second coating from an aqueous solution contain 
ing 100 grams per liter of CrO3. After drying and an 
nealing in a pure nitrogen atmosphere furnace at 900° C., 
the coatings were found to have an average rupturing 
voltage in the range of 150-250 volts. 
Another series of sheets were coated with the same 

water glass solution as the ?rst coating and given a second 
coating from an aqueous solution containing 100 grams 
per liter of CrOa and 10 grams per liter of H2SiF6. After 
drying and annealing for 10 minutes in a pure nitrogen 
atmosphere furnace at 900° C., the coatings were found 
to have an average rupturing voltage of 150-200 volts. 

Example IX 

An electro sheet was given a ?rst coating from an aque 
ous solution containing 100 grams per liter of sodium 
silicate water glass. After drying and annealing in a pure 
nitrogen atmosphere furnace for 10 minutes at 900° C. 
and cooling, the sheets were given a second coating from 
a solution containing 200 grams per liter ammonium di 
chromate, 50 grams per liter powdered magniesium oxide, 
30 grams per liter acetic acid and 0.5 gram per liter of the 
non-ionic wetting agent identi?ed above in Example VII. 
After drying and annealing in a pure nitrogen atmos 
phere for 10 minutes at 900° C. the coatings were found 
to have an average rupturing voltage in the range of 
100-200 volts. 

Example X 

Electro sheet was given a ?rst coating from an aqueous 
solution containing 100 grams per liter of sodium silicate 
water glass and 50 grams per liter of powdered mag 
nesium oxide. After drying, and annealing in a pure 
nitrogen atmosphere furnace for 10 minutes at 900° C. 
the coated sheets were given a second coating from an 
aqueous solution containing 200 grams per liter of am 
monium dichromate and .5 gram per liter of a non-ionic 
emulsi?er as identi?ed above in Example VII. The rup 
turing voltage was established by using the procedure de 
tailed in Example I and found to be within the range of 
130-220 volts. 
Using similar application techniques, drying and an 

nealing conditions and testing for rupturing voltage in 
the same manner described in Example I, highly satis 
factory coatings and rupturing voltages of 200 volts and 
above were obtained from the following compositions: 

(a) A ?rst coating from a solution containing 

100 grams per liter sodium silicate, 
50 grams per liter magnesium oxide and 3.9 grams per 

liter FeOH3. 
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A second coating from an aqueous solution containing 

200 grams per liter ammonium dichromate and 
.5 % non-ionic emulsi?er identi?ed in Example VII. 

(b) A ?rst coating from an aqueous solution contain 
ing . 

300 grams per liter of sodium silicate water glass. 
A second coating from an aqueous phosphate com 

position containing 
250 grams per liter Ca(H2PO4)2— 1 H20, 
130 grams per liter ammonium dihydrogen phosphate, 
NH4H2PO4, 

108 grams per liter free P205 (added as H3PO4). 
(c) A ?rst coating from an aqueous solution containing 

100 grams per liter sodium silicate water glass, 
60 grams per liter calcium oxide, 
4.5 grams per liter Co(0H)3 (freshly precipiated with 
ammonia from a cobalt nitrate solution, ?ltered and 
washed with water) . 

A second coating was formed from an aqueous disper 
sion containing 
110 grams per liter barium phosphate, BaH4(PO4)2, 
62 grams per liter NH4H2PO4, 
52 gram sper liter free P205, 
10 grams per liter TiOg, 
10 grams per liter bentoni'te clay. 

What is claimed is: 
1. A process for forming insulating coatings on metal 

lic surfaces which comprises the steps of applying to said 
surface an aqueous composition comprising as its essential 
ingredient about 50 to about 500 grams/ liter of a silicate 
of an alkali metal selected from the group consisting of 
sodium and potassium, subjecting the said coated surface 
to an elevated temperature in the range of about 300° C. 
to about 1200° C. to form an annealed coating on said 
surface, contacting said coating with an aqueous composi 
tion selected from the group consisting of aqueous acidic 
phosphates and aqueous hexavalent chromium-contain 
ing compositions, and subjecting the coated surface to a 
temperature in the range of 300° C. to 1200° C., to thus 
form an adherent coating on said surface. 

2. A process for forming insulating coatings on me 
tallic surfaces which comprises the steps of applying to 
said surface an aqueous composition comprising as its 
essential ingredients about 50 to about 500 grams/liter 
of a silicate of an alkali metal selected from the group 
consisting of sod-rum and potassium, about 50 to about 
100 grams/liter of at least one metallic oxide selected 
from the group consisting of magnesium oxide, calcium 
oxide, barium oxide, strontium oxide, alumingmjxid-? a 
hexavalent chromium-containing compound in an amount 
equivalent to about 50 to 100 grams/liter of CrO3, and 
zero to about 10 grams/liter of an oxide of a multi 
valent metal selected from the group consisting of tita 
nium, v " chromium, manganese, iron, cobalt and 
nickel, su-b' ‘ said co to a temperature 
within the range of about 300° C. to about 1200° C. 
for at least about one minute, cooling said surface and 
applying to said cooled surface a composition selected 
from the group consisting of an aqueous acidic phos 
phate composition containing from about 70 to about 
400 grams/liter of PO, and an aqueous acidic hexavalent 
chromium composition containing said hexavalent chro 
mium compound in an amount equivalent to about 50 to 
about 100 grams/liter of CrO3, drying said coating and 
subjecting said dried coating to a temperature in the range 
of about 300° C. to about 1200° C. for at least one 
minute. 

3. A process for forming insulating coatings on me 
tallic surfaces which comprises the steps of applying to 
said surface an aqueous composition comprising as its 
essential ingredient about 50 to about 500 grams/liter 
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of a silicate of an alkali metal selected from the group 
consisting of sodium and potassium, subjecting the said 
coated surface to a temperature in the range of 500° 
C. to 900° C. to form an annealed coating on said sur 
face, contacting said coating with an aqueous composi 
tion selected from the group consisting of aqueous acidic 
phosphates and aqueous hexavalent chromium-contain 
ing compositions, and subjecting the coated surface to 
a temperature in the range of 500° C. to 900° C., to 
thus form an adherent coating on said surface. 

4. A process for forming insulating coatings on me 
tallic surfaces which comprises the steps of applying to 
said surface an aqueous composition comprising as its 
essential ingredient about 50 to about 500 grams/liter 
of a silicate of an alkali metal selected from the group 
consisting of sodium and potassium, about 50 to about 
100 grams/liter of at least one metallic oxide selected 
from the group consisting of magnesium oxide, calcium 
oxide, barium oxide, strontium oxide, aluminum oxide a 
hexavalent chromium-containing compound in an amount 
equivalent to about 50 to 100 grams/liter of CrO3, and 
zero to about 10 grams/liter of an oxide of a multi 
valent metal selected from the group consisting of tita 
nium, vanaidum, chromium, manganese, iron, cobalt and 
nickel, subjecting said coated surface to a temperature 
within the range of about 500° C. to about 900° C. for 
at least one minute, cooling said surface and applying 
to said cooled surface a composition selected from the 
group consisting of an aqueous acidic phosphate com 
position containing from about 70 to about 400 grams/ 
liter of P04 and an aqueous acidic hexavalent chromium 
composition containing said hexavalent chromium com 
pound in an amount equivalent to about 50 to about 
100 grams/liter of CrOs, drying said coating and sub 
jecting said dried coating to a temperature in the range 
of about 500° C. to about 900° C. for at least one minute. 

5. A process in accordance with claim 1, wherein said 
second coating is formed from an aqueous acidic phos 
phate solution. 

6. A process in accordance with claim 1 wherein said 
second coating is formed from an aqueous hexavalent 
chromium compound-containing composition. 

7. A process for forming insulating coatings on me 
tallic surfaces which comprises the steps of applying to 
said surface an aqueous composition comprising as its 
essential ingredients about 80 to about 250 grams/liter 
of a silicate of an alkali metal selected from the group 
consisting of sodium and potassium, about 50 to about 
100 grams/liter of at least one metallic oxide selected 
from the group consisting of magnesium oxide, calcium 
oxide, barium oxide, strontium oxide, and aluminum 
oxide, and a hexavalent chromium-containing compound 
in an amount equivalent to about 50 to 100 grams/liter 
of Cr03, and zero to about 10 grams/liter of an oxide 
of a multi-valent metal selected from the group con 
sisting of titanium, vanadium, chromium, manganese, 
iron, cobalt and nickel, subjecting said coated surface 
to a temperature within the range of about 300° C. to 
about 1200° C. for at least about one minute, cooling 
said surface and applying to said cooled surface a com 
position selected from the group consisting of an aque 
ous acidic phosphate composition containing from about 
70 to about 400 grams/liter of P04 and an aqueous 
acidic hexavalent chromium composition containing said 
hexavalent chromium compound in an amount equiva 
lent to about 50 to about 100 grams/liter of CrO3, dry 
ing said coating and subjecting said dried coating to a 
temperature in the range of about 300° C. to about 1200° 
C. for at least one minute. 

8. A process for forming insulating coatings on me 
tallic surfaces which comprises the steps of applying to 
said surface an aqueous composition comprising as its 
essential ingredients about 80 to about 250 grams/liter 
of a silicate of an alkali metal selected from the group 
consisting of sodium and potassium, about 50 to about 
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100 grams/liter of at least one metallic oxide selected 
from the group consisting of magnesium oxide, calcium 
oxide, barium oxide, strontium oxide, and aluminum 
oxide and a hexavalent chromium-containing compound 
in an amount equivalent to about 50 to 100 grams/liter 
of CrO3, and up to about 10 grams per liter of an oxide 
of a multivalent metal selected from the group consist 
ing of titanium, vanadium, chromium, manganese, iron, 
cobalt and nickel, subjecting said coated surface to a 
temperature within the range of about 300° C. to about 
1200° C. for at least about one minute, cooling said 
surface and applying to said cooled surface a composi~ 
tion selected from the group consisting of an aqueous 
acidic phosphate composition containing from about 70 
to about 400 grams/liter of P04 and an aqueous acidic 
hexavalent chromium composition containing said hexa 
valent chromium compound in an amount equivalent 
to about 50 to about 100 grams/liter of CrO3, drying 
said coating and subjecting said dried coating to a tem 
perature in the range of about 300° C. to about 1200" 
C. for at least one minute. 

9. A process for forming insulating coatings on me 
tallic surfaces which comprises the steps of applying to 
said surface an aqueous composition comprising as its 
essential ingredients about 300-500 grams/liter of a sili 
cate of an alkali metal selected from the group con 
sisting of sodium and potassium, subjecting said coated 
surface to a temperature within the range of about 300° 
C. to about 1200” C. for at least about one minute, cool 
ing said surface and applying to said cooled surface an 
aqueous acidic hexavalent chromium composition con 
taining said hexavalent chromium compound in an 
amount equivalent to about 50 to about 100 grams/liter 
of CrO3, drying said coating and subjecting said dried 
coating to a temperature in the range of about 300° C. 
to about 1200“ C. for at least one minute. 

10. A process for forming insulating coatings on me 
tallic surfaces which comprises the steps of applying to 
said surface an aqueous composition comprising as its 
essential ingredients about 300-500 grams/liter of a sili 
cate of an alkali metal selected from the group consist 
ing of sodium and potassium, subjecting said coated sur 
face to a temperature within the range of about 300° C. 
to about 1200° C. for at least about one minute, cool 
ving said surface and applying to said cooled surface a 
solution containing as the essential coating producing in 
gredients between about 70 grams P04 per liter and 
400 grams P04 per liter of an alkaline earth metal phos 
phate, an amount of phosphoric acid su?icient to pre 
vent the formation of a precipitate from the said phos 
phate in said solution, and a thermally decomposable 
phosphate containing ammonium, said thermally decom 
posable phosphate being present in an amount such that 
the ratio of primary N11,, to primary alkaline earth 
metal in said phosphate is in the range of 0.56 to 1 and 
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1 to 1, and thereafter subjecting said surface to a tem 
perature between about 300° C. and 1200° C. for a 
period of time sufficient to yield a ?rmly adherent coating 
on said surface. 

11. A process for forming insulating coatings on me 
tallic surfaces which comprises the steps of applying to 
said surface an aqueous composition comprising as its 
essential ingredients about 50-500 grams/liter of a sili 
cate of an alkali metal selected from the group consist 
ing of sodium and potassium, subjecting said coated sur 
face to a temperature within the range of about 300° 
C. to about 1200° C. for at least about one minute, cool 
ing said surface and applying to said cooled surface a 
solution containing as the essential coating producing 
ingredients between about 70 grams P04 per liter and 
400 grams P04 per liter of an alkaline earth metal phos 
phate, an amount of phosphoric acid su?icient to pre 
vent the formation of a precipitate from the said phos 
phate in said solution, and a thermally decomposable 
phosphate selected from the group consisting of ammo 
nium phosphate, urea phosphate and aniline phosphate, 
said thermally decomposable phosphate being present in 
an amount such that the ratio of primary NH4 to pri 
mary alkaline earth metal in said phosphate is in the 
range of 0.56 to 1 and 1 to 1, and thereafter subjecting 
said surface to a temperature between about 300° C. and 
1200° C. for a period of time sufficient to yield a ?rmly 
adherent coating on said surface. 
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