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This invention is concerned with the preparation of 
metal Surfaces for receiving coatings of organic enamel, 
and more particularly relates to the preparation of the 
metal internal surfaces in the making of internally en 
ameled containers. 

It is known to make tubular bodies by rolling a billet 
having an internal longitudinal channel containing an 
anti-welding or resist material which is effective during the 
rolling to prevent the metal laminations present at the 
surface of the billet from sticking together in the strip 
being made. These laminations are connected, at the 
edges of the residue of the resist materiai, by integral metal 
connections. The strip is then opened or expanded to 
provide a tubular body which can be further operated 
upon for producing the container. 
When such containers are to be employed for holding 

substances which can react with, or be acted upon by, 
the container metal, it is necessary to provide a protective 
internal coating. Thus, it is known to employ organic 
enamels of specific compositions to prevent action by acid 
fruits upon the container metal, to prevent a black disco 
oration of corn when canned, etc. 

It has been a practice to employ talc, mica, gypsum, 
graphite, and magnesia as resist materials during rolling, 
because they have been found to produce rolled strip 
which opens easily, that is, there are few or no adhesions 
between the laminations at the end of the rolling schedule. 
For specific employments, some of these resists have been 
found disadvantageous; for example, graphite is not desir. 
able for use with steel or aluminum billet materials with 
a hot rolling as part of the schedule, because the graphite 
forms carbides with the steel, or presents electrochemical 
couples with aluminum or aluminum alloys. 

It has been proposed to remove the resist residues, after 
opening the strip into tubular form. In practice, simple 
leaching is not satisfactory with the above resists, because 
the internal surfaces are not clean for satisfactory enamel 
adhesion, even after extensive washing with fluid jets 
under pressure. A further proposal is to employ an abra 
sive in the pressure fluid, for a mechanical removal of the 
resist particles. Such added operations are expensive, and 
add to the cost of preparation. When used in making con 
tainer bodies on a competitive basis, with the further cost 
of drying before applying a lacquer or enamel, the ex 
pense removes the product from direct competition with 
containers formed by bending and soldering flat body 
banks. 

in practice, if residues of resist materials such as talc, 
graphite, mica, gypsum and magnesia are left on the inter 
nal surfaces, the adhesion of the enamel is very poor. 
When the resist is of glass particles, barytes, calcium sili 
cate, or magnesium silicate, the adhesion is better but not 
commercially acceptable even after loose resist has been 
previously removed. Such materials undergo maleable 
deformation or flattening under pressure; and in general 
are not wetted by the organic enamel compositions em 
ployed as can lacquers, or exhibit a low bonding effect 
there with. 

It has been found that when solid refractory resist 
powders of alumina, titania, zirconia, silica, and tri-cal 
cium phosphate are employed, all of which are harder on 
the Moh scale than aluminum, which is about 2.9, and 
which are highly resistant to malleable deformation or 
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flattening, and insoluble in organic enamel compositions, 
excellent enamel adhesion can be attained. Likewise, Zinc 
oxides can be employed. 

Therewith the resist material is selected for its response 
to the requirements of preventing welding during the 
rolling operation to form the strip; and its competence, 
while present in embedded form upon the internal sur 
faces, of accepting and establishing a good adhesive bond 
with the enamel. It is a characteristic of the organic 
enamel compositions that they readily wet such resist 
powders better than they wet the metals such as alumi 
num, steel, copper. 

Therewith the microscopic roughening of the metal sur 
face by the action of the resist greatly increases the ex 
posure surface area for enamel adhesion, and the em 
edded particles provide a capillary structure into which 

the effectively wetting enamel composition enters, for a 
final anchoring together of the baked enamel, particles and 
metal. A notable effect is that, if grease, oxides or other 
contamination get onto the inner surface, the effect of the 
particles during rolling is to penetrate such films and 
provide a satisfactory bonding of the enamel to the metal 
even though such contaminations of themselves would 
normally inhibit the production of a satisfactory adherent 
enamel coating. Further, when zinc oxide is employed 
as the resist powder, and an oleoresin-containing enamel 
is employed, the baking causes an action by which the 
enamel coating has properties of the so-called “C” enamel 
types: and the application of enamels over surfaces hav 
ing embedded alumina or silica particles resembles closely 
the effect of applying such enamels over anodized sur 
faces. 

It is also known to provide metal and plastic surfaces 
with roughening by embedding hard particles therein dur 
ing casting or by subsequent rolling, e.g., in making steps, 
floor plates, etc., where slippage of a user's shoes is to 
be prevented. Such embedded particles are purposefully 
large and spaced apart, to afford the desired traction, in 
comparison to the instant provision of microscopically fine 
roughening and capillary structure by which an organic 
enamel composition penetrates and fills the pores; and 
wherewith the microscopic roughening cannot engage with 
rubber and leather surfaces for the high frictional effect 
needed on floor plates and the like. Further, metal sur 
faces for lapping and like plates and disk have been pre 
pared by embedding abrasive particles therein: but there 
also a spacing is necessary to provide clearance for the 
chips formed by the grinding, lapping or sawing opera 
tions therewith. in neither case is a microporous surface 
structure, with essentially smooth outer surface, either 
sought or attained which presents a major effective inter 
face surface for an enamel. 
The word “enamel' is used herein to designate an or 

ganic coating composition including a resin such as an 
oleoresin, a vinyl resin, an epoxy resin, or an ester resin 
to provide a continuous film after drying and baking; being 
applied in a volatile organic vehicle including a resin 
solvent. Other Solid components can be present as fillers, 
pigments, driers, known in the art. The term is here 
synonymous with "lacquer.” 
The term "billet” is employed herein to designate a 

body of metal which can be rolled to a thinner section; 
and is inclusive of ingots, plates, bars, sheets and lami 
nates which initially are thicker than the desired final 
gage and are reduced to Such gage during the course of 
roling. The term 'sheet' is employed herein to designate 
a nietal body of substantially uniform thickness, which 
may be a long strip or a short section, or may be the wall 
of a hollow tubular structure. 

Practice of the invention is shown in the accompanying 
drawing, illustrating the production of a laminate expand 
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able strip having internal surfaces prepared by the instant 
process, and in which: 
FIGURE 1 is a perspective view of a billet for rolling 

to form an expandable metal strip; 
FIGURE 2 is a perspective view, on a greatly enlarged 

scale, of a part of a rolled strip; 
FIGURE 3 is a perspective view of a container tube, 

made by opening a blank prepared from the strip of 
FIGURE 2; 
FIGURE 4 is a like perspective view of the reworked 

tube, with application of an enamel to the interial Sur 
faces; 
FIGURE 5 is a perspective view, showing a further 

form of practice, for the production of sheet material 
having enamel coating on a Surface thereof; 
FIGURE 6 is a perspective view, or a greatly enlarged 

scale, showing a portion of an enameled article, With a 
part of the ename coating absent to show the article 
Surface. 

In FIGURE 1, the aluminum or aluminum alloy billet 
10 may be prepared by casting or other operations as Set 
out in the Valyi et ai. Patent 2,375,334. it has a plurality 
of internal longitudinal channels of predetermined size 
and arrangement, each filled with a core haterial Si 
which is effective during the rolling operation to resist 
welding of the metal lamiizations to one another, and 
selected from the refractory powders which are chemi 
cally inert relative to the metal around the channels and 
have a Mohs hardness at least equal to that of the au 
minum, that is, being of a hardness value 2.5 or above 
on the Mohs scale or Knoop values of better than about 
400; of which the group of alumina, titania, Zirconia, 
silica, tri-calcium phosphate, and zinc oxide has been 
found satisfactory. Such inorganic refractory powders 
can be described as hard and britte and highly resistant 
to malleable deformation or flattening under pressure, as 
compared to the ductility and maleability of the alumi 
num, noting the technical difficulty of comparing the haid 
ness of a brittle substance with that of a ductile material. 
The powder must be hard enough to indent the meta: and 
materials of Mohs hardness values over 5 are preferred 
with aluminum. 
The refractory powder is present as particles which may 

have sizes of 60 mesh down to a micron; and preferably 
have sharp edges and corners. With friable particles of 
granular calcined alumina, in agglomerated form, e.g., 
of 100 mesh or larger, fracturing occurs during the roll 
ing. It is preferred to have the particle sizes, at the 
completion of rolling, below 600 mesh, and preferably in 
the range of one to 15 microns. Each particle is prefer 
ably of a form, during the rolling, in which its several 
dimensions are of the same order: that is, needle-like par 
tices are avoided. 

Such a billet 0 for making expandable laminate sicck 
may have a thickness of 8 to 12 inches, and a width of 
30 to 60 inches, and be 10 to 14 feet long. The channels 
may be 0.250 inch thick and 4.00 inches wide, four such 
channels being shown in the drawings, spaced 0.250 inch 
apart, and located midway between the top and bottom 
surfaces of the billet. 
The billet is then heated for homogenizing, and sub 

jected to a schedule of hot and cold rolling operations to 
reduce it to a strip. 4, FIGURE 2, having a thickness of 
say 0.025 inch, with each channel region now having 
metal laminations 5 about 0.012 inch thick at the top 
and bottom Surfaces, and a residue i5 usually less than 
0.001 inch thick of the resist material present between 
these laminations. The laminations are connected at the 
edges of the resist residue by solid and integral metal con 
nections 57. The aumber of residue layers is determined 
by the number of cores in the billet it. Such a strip can 
be called “multi-wide” because there are several laminate 
regions extending longitudinally, and Spaced transversely 
by the metal connections 7. The strip can then be 
severed into narrower strips, each having a laminate region 

O 

5 

20 

30 

40 

45 

60 

65 

70 

75 

4. 
with integral edge connections, along longitudinal Sur 
faces normal to the upper and jower faces of the Strip, 
as represented by the dotted lines i8, and severed trans 
versely, as represented by the line 19; whereby individual 
blanks are produced. 
Such a blank can then be opened by bending the metal 

iaminations 5 apart, FIGURE 3, to provide a tubular 
body. When the billet has been rolled to such low 
thickness of the residual resist layer and microscopic 
size of the individual particles, it is not necessary to 
remove loose powder before enameling: when organic 
enamel solution is sprayed on such a surface, the Solul 
tion penetrates easily through the loose and embedded 
powder and around each particle thereof, down to the 
composite metal-resist interface, and the particles become 
bound during the baking. It is permissible, if desired, 
to remove loose particles: e.g., by dry mechanical opera 
tions of tapping and employment of an air blast from the 
nozzle 20, essentially all of the loose resist powder can . 
be removed. The opened blank has externally project 
ing fins 2: formed by the portions of the integral metal 
connections 7 which were parts of the individual blank, 
with reentrant angles 22 at the positions of the edges of 
the resist residues. In practice, it is preferred to reduce 
the projections, as by external hannering, wherewith 
the reentrant angles essentially disappear, and the result 
ing tubular body has essentially smooth internal and ex 
terral surfaces, usually with elevations 23 of minor width 
at the former locations of the fins. 
The internal surfaces appear smooth and matte visu 

ally and, upon microscopic inspection, particles of the 
resist material are found embedded therein. When the 
resist has been fine aluminum oxide powder, in a billet 
of aluminum or aluminum alloy, the effect resembles 
that of having provided an internally anodized hollow 
body insofar as enamel adhesion is concerned. The 
thickness of the residual resist layer has an effect upon 
the exposed surface of the baked enamel film. For ex 
ample, when 5 milligrams per square inch of the usual 
enamel compositions are applied with the minimum thick 
ness of silica resist for easy openability, a matte appear 
ance is present. When 8 to 10 milligrams per square 
inch are sprayed, a bright smooth surface is present. In 
each case, there is excellent adhesion. 
An enamel coating can now be applied to the internal 

surfaces, as by spraying from a nozzle 25, and baking. 
In practice, it has been found that the adhesion of phe 
notic enamels, oleoresinous enamels, modified vinyl 
oleoresinous enamels, and epoxy enamels was all greater 
upon the resist-surfaced bodies than upon the usual rolled 
and degreased aluminum sheets. The oxygen-Spinach 
est, commonly enployed to determine process enamel 
adhesion in cans, showed the exceptional adhesion values 
thus attained. Titania, zirconia, silica, and tri-calcium 
phosphate likewise showed high adhesion values with the 
sane enamels. Zinc oxide showed high adhesion values 
with phenolic, oleoresinous and epoxy enamels; but not 
with vinyl enamels, noting that it can act as a curing 
accelerator for vinyi ename compositions and thereby 
can produce local over-curing effects. 
When an insufficient thickness of resist is present at 

the end of the rolling schedule, local sticking by Weld 
ing has been noted. However, in some cases, even 
doubling the thickness of the original cores it was not 
sufficient to prevent the local sticking. Further, when 
too much resist is present in the rolled strip, the inter 
nal surfaces demand an excessive amount of enamel, to 
avoid the presence of “dry” or dull spots: for example, 
when the retained resist powder after removal of loose 
particles presents too thick a layer at the internal Sur 
face, when an enamel of the normal coating weight of 
5 to 7 milligrams per square inch is absorbed within 
this layer so that the effect of the excess powder par 
ticles at part of the exposed surface is that of destroying 
the gloss when such is desired. It will be understood 
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that when high fluid pressures can be employed for open 
ing the laminate regions, as practiced in making refrig 
erator coils or evaporators, such adhesions are separated 
without major difficulty: but when it is desirable to make 
bodies with thinner walls, and to initiate the opening 
by suction cups or like low-tension devices, such adhe 
Sions cause troubles in economics. It has been found 
that the difficulty can be resolved by employing a hot 
rolling schedule of reduction down to about four times 
the final thickness, wherewith the core or resist residue 
is still a layer having a thickness of many powder grain 
diameters and no welding occurs; and then conducting 
a cold rolling schedule with the strip passing around the 
roils or through staggered roils, so that there is mechani 
cal tension and bending during the progress of the cold 
rolling; with movement of the metal laminations relative 
to one another to maintain powder distribution and to 
break minor adhesions which may start to form. 

in the practice according to FiGURE 5, the billet 30 
is piepared with a single resist-containing longitudinal 
chaiinel or discontinuity 3: containing the hard powder 
particles, with metal layers 32, 33 above and below it, 
and with these metal layers integrally connected at the 
margins 34 of the billet. Such a billet may be prepared 
as an ingot or roll-bonded structure, and may be sub 
jecied to a schedule of hot and cold rolling, including 
the action of a final pair of rollis 35, 36 so that the billet 
is essentially a laminated plate as it comes to these rolls 
and leaves them as a laminate strip. 37 in which the resist 
residue 38 is very thin, e.g., less than 0.001 inch, and the 
individual latminations 39, 40 are of the thickness in 
tended for the sheet stock. During the rolling, the pres 
ence of the integral margin connections 34 prevents pene 
tration of dirt, rolling lubricant, and other material into 
the discontinuity between the laminations, and prevents 
loss of the resist material. 

After leaving the rolls 35, 36, the edges of the strip 
37 are trimmed by severance along the lines 41 which 
are spaced from the edges of the strip so that severance 
occurs through the resist residue, and the marginal strips 
42 are removed. The portion of the laminate strip is 
then separated into the upper and lower bands or sheets 
44, 45 of metal Stock, each having a surface with em 
bedded resist particles, as shown by the stippling on band 
45. To indicate continuity of rolling and coating, the 
band 44 is shown as passing over a coating rcler 46 
which takes up enamel 47 from the trough 48 and delivers 
the same onto the resist-embedded lower surface of the 
band 44. The coated band then passes through an oven 
49 shown by dash lines, in which the enamel is baked 
to its cured fortra. Like treatment is given to the band 45. 

In each form of practice, the product is as shown on 
greatly enlarged scale in FIGURE 6. The rolled metal 
stock 53 has its surface 5; coated over the entire area 
with embedded particles of resist material so that visually 
a continuous surface is present, but microscopically a 
porous condition is present. The enamel coating 52 has a 
continuous outer or exposed surface, and extends around 
the resist particles down to the metal so that it is tightly 
keyed and adherent thereto. 
The procedure permits obtaining the exceptional ad 

hesion characteristics for the enamel because the internal 
surfaces are protected and thus cleaner from oils, etc., 
as compared with normal rolled metal surfaces, noting 
that rolling lubricants are required and traces remain 
unless expensive and thorough electrolytic cleaning opera 
tions are performed. The metal surface is rougher cn a 
microscopic scale, with a greater contact area between 
ename and metal, with much of the area in shear rather 
than in tension during peeling, as the microscopic local 
areas of surface are not parallel to the general or macro 
scopic surface, but inclined at varied angles relative to 
it. With many combinations of enamels and metals, the 
adhesion of the enamel per unit area of the interface of 
contact is less than the cohesion within the enamel for 
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6 
a like sectional area and hence, under stress, the cleavage 
is at the interface and peeling occurs: with the present 
procedure, the effective area of the interface is increased 
per unit of nominal surface area. The preferred resist 
materials have surface tension characteristics, relative to 
eilamel solvents and resins, which permit the enamels as 
applied and their solid deposits to exhibit wetting effects 
to the individual powder particles; so that the enamel is 
pulled by capiilarity between adjacent particles of resist 
until the ename reaches the true metal surface and fills 
all pores present, with the resist particles becoming in 
effect pigment particles within the enamel. Particles of 
the resist become embedded in the metal surface during 
rolling and, when subsequently wetted by the enamel, 
give a mechanical "tooth' effect in assisting the adhesion 
of the enamel: noting that such behavior is based not 
only on chemical factors but also on physical, crystailo 
graphic, eiastic, plastic and like properties of the several 
intercontacting materials. In practice with talc, gypsum, 
magnesia and like soft resist materials, they are found to 
give flat plate-like particles which lie parallel to the 
surface without bonding or keying into the same by forces 
corresponding to those of desirable enamel adhesion, and 
their shaping and positions tend to resist the penetration 
of the enamel to the metal, and they resist wetting by 
the normal enamel vehicles such as ketones, hydrocar 
bons and esters. Magnesium oxide further has the difii 
culty, with oleoresinous enamels, or oil-modified vinyl or 
epoxyl enamels, that there is reaction with the fatty acid 
radicals present, so that fatty acid soaps of low adhesion 
are formed at the resist interface, and enamel adhesion is 
destroyed for containers which are packed with aqueous 
products. 
The procedure leads to the preparation of an article, 

either a hollow body or a sheet, which has a metal base 
with the particles embedded therein and providing a micro 
porous surface, having an enamel coating tightly adherent 
thereto with parts of the coating extending in the micro 
porous structure and with a continuous outer surface. 

It will be understood that the illustrative embodiments 
described are not restrictive, and that the invention can 
be practiced in other forms within the scope of the ap 
pended claims. 
What is claimed is: 
1. The method of preparing a metal article having an 

enannel coating thereon, which comprises the steps of 
applying an inorganic powder to a surface of a metal 
billet, the powder being harder than the billet metal and 
having a particle size not exceeding 60 mesh, rolling the 
powder and billet for reducing the billet to the desired 
thickness for the article and thereby effecting embedding 
and adhesion of powder particles into the metal surface, 
portions of said particles being exposed at the surface of 
the rolled article, and applying an organic enamel compo 
sition to the said article surface. 

2. The method of preparing a metal article having an 
enamel coating thereon, which comprises the steps of ap 
plying an inorganic powder to a surface of a metal billet, 
Said powder being friable and having a particle size not 
exceeding 60 mesh, the powder being composed of a sub 
stance harder than the billet metal, rolling the powder and 
billet for reducing the billet to the desired thickness for 
the article and thereby effecting extension of the surface 
area in contact with the powder and thereby effecting 
enabedding and adhesion of powder particles into the 
metal Surface and breakage of the particles into particles 
of 1 to 15 microns size with portions of the particles be 
ing exposed at the surface of the rolled sheet, and apply 
ing an organic enamel composition to said embedded sur 
face at a coating weight of 2 to 15 milligrams per square 
inch. 

3. The method of preparing a metal article having an 
enamel-coated surface, which comprises preparing a mal 
leable metal billet thicker than the predetermined thick 
ress of the article, applying to the surface of the billet 
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at which enamel coating is to be performed a layer of 
loose powder particles of an essentially non-malleable ma 
terial having a hardness greater than that of the billet 
metal providing said surface and having a particle size 
not exceeding 60 mesh, rolling the billiet and powder to 
elongate the same and establish the said predetermined 
thickness thereof and therewith causing particies of said 
hard material to become embedded in the surface during 
the elongation thereof, and applying an enamel to the 
said particle-embedded surface. 

4. The method as in claim 3, in which the particles are 
of brittle material, and are fractured to smaller sizes 
during the rolling. 

5. The method as in claim 3, in which loose particles 
are removed prior to the application of the enamel. 

6. The method as in claim 3, in which the article is a 
sheet, and the prepared billet has a thickness about four 
times the predetermined final thickness, and in which 
the particles and billet are cold-rollied to said predeter 
mined thickness. 

7. The method of preparing an internally enameled 
metal tube, which comprises preparing a billet having a 
longitudinal internal channel filled with a powdered resist 
having a hardness greater than that of the billet metal 
providing such channel, the resist powder having a par 
ticle size not exceeding 60 mesh, rolling the billet to pro 
vide a strip having metal laminations separated by tie 
residue of said resist and wherewith particles of the resist 
become embedded in the internal surfaces of the lamina 
tions, the laminations being integraliy connected by metal 
at the edges of the resist residue, moving the laminations 
apart to form a tube, and applying an organic enamei to 
the internal surfaces of metal and embedded resist. 

8. The method as in claim 7, in which loose resist 
material is removed from the interior of the tube before 
enamel is applied. 

9. The method of preparing an internally enameied 
tubular body, which comprises preparing a billet having 
a longitudinal internal channel filled with a powdered brit 
tle resist material having a hardness greater than that of 
the billet metal providing such channel, said resist ma 
terial being essentially non-malleable under pressure and 
having a particle size not exceeding 60 mesh, rolling the 
billet to provide a strip having metal laminations sepa 
rated by the elongated residue of the resist material and 
to embed particles of the resist material in the internal 
surfaces of the laminations, the laminations being in 
tegrally connected by metal at the edges of the resist resi 
due, continuing the rolling in the cold until the lamina 
tions are of predetermined thicknesses and moving the 
Strip around roll surfaces to cause the laminations to move 
relative to one another, thereafter moving the lamina 
tions apart to form a tube, and applying an ename to 
the internal surfaces of metal and embedded resist. 

i0. The method of preparing an internally enameled 
metal tube, which comprises preparing a metal billet hav 
ing a longitudinal internal channel with particles of an in 
organic powdery resist therein having a hardness greater 
than that cf the billet metal providing such channel, said 
particles being not over 60 mesh in size and being friable 
when pressed together during rolling, wherewith during 
the rolling parts of individual particles are caused to be 
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8 
come embedded in and adherent to the metal while other 
parts of the embedded particles project from the internal 
metal surface and provide a capillary coating thereon, 
said rolling being effective to produce a strip having 
metal laminations separated by a layer of said resist 
with the laminations connected at their edges by inte 
grating metal, bending the laminations apart to form a 
tube, and applying an organic enamel composition capa 
ble of wetting the resist material to the internal surfaces 
of the tube. 

11. The method of preparing metal sheets having 
enamel coating thereon, which comprises preparing a 
metal billet having an internal longitudinal channel con 
taining an inorganic powdery material which is harder 
than the billet metal with the powder having a particle 
size not exceeding 60 mesh, rolling the billet with the 
powder therein wherewith the billet metal is extended to 
produce a laminate strip having the laminations sepa 
rated by the extended residue of the powder and thereby 
effecting embedding and adhesion of powder particles into 
the chaniel surfaces with portions of the embedded par 
ticles being exposed beyond the channel surfaces, termi 
nating the rolling when the strip has a thickness dimen 
sion from the powder residue to the adjacent strip surface 
equal to that of the metal sheet base to be produced, the 
billet and strip having integral marginal netal portions 
enclosing the powder during folling, severing marginal 
portions from the rolled strip along longitudinal lines 
intersecting the powder residues, separating the remaining 
portion of a strip between said severance lines and along 
the powder residue to provide a metal sheet having pow 
der particles enbedded therein, and applying an organic 
enamel composition to the said particle-embedded sur 
face of said metal sheet. 

12. An article of manufacture comprising an integral 
tubular metal body having embedded in its internal sur 
face particles of a powdery refractory material essentially 
covering the said surface with parts of embedded particles 
projecting from the metal surface, said powder having 
a particle size not exceeding 60 mesh and being of a ma 
terial harder than the material of said metal body, and 
a baked organic enamel coating covering the metal and 
particles and present between the particles and providing 
a continuous exposed surface. 

13. An article comprising a rolled metal surface having 
embedded therein microscopic particles of an essentially 
non-malleable material harder than the said metal and 
providing a microscopically porous structure adherent to 
the metal and Wettable by a baked organic enamel com 
position, and an enamel occupying the pores and provid 
ing a continuous exposed surface. 
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