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This invention relates to the processing of
ferrous sheets after the hot-rolling thereof, to

impart thereto-the properties desired for their ,

ultimate use dnd, in particular, to the process-
ing of enameling stock. ; R

The past experience -of the industry indicates
that a normalizing treatment of ferrous sheets
produces the best enameling stock, the normaliz-
ing treatment being followed by pickling. Such
treatments, however, are very costly and there
has consequently been a demand for g less ex-
pensive processing which would produce material
of substantially the same characteristics. Box-
annealing has been viewed hopefully in this con-
nection because it is lower in cost than normaliz-
ing and eliminates pickling. The maximum tem-
berature permissible for thus treating stacked
low-carbon sheets or tight coils of strip suitable
for the application of a porcelain enameling coat-
ing, however, is from 1200 to 1275° B, because of
the tendency of the sheets or coil wraps to stick
or weld together if heated to a higher tempera-
ture and the danger of causing defects such as
blisters in the enamel coating. Box-annealing
at the maximum temperature stated, as previously
attempted, has consistently failed to produce ma.-
terial having the desired mechanical or physical
characteristics. Despite much effort, further-
more, no commercially feasible modification of
the usual or standard practice of box-annealing
yet proposed has given any such favorable re-
sults as to indicate that the solution of the prob-
lem of the high cost of normalizing and pickling
might lie in this direction.

I have discovered that if hot-rolled ferrous
sheets be subjected to appropriate heat treat-
ment before cold-rolling to gauge, they will ex-
hibit such improved response to subsequent hox-
annealing that the final product, for enameling
purposes, is practically equivalent to normalized
sheets. More particularly, I have found that the
box-annealing of ferrous stock having a chemical
composition suitable for enameling, at tempera-~
tures from 1500 to 1650° F., before cold-rolling
to gauge will cause the material when subse-
quently box-annealed according to the usual prac-
tice, to develop properties comparable to those of
normalized enameling stock. Preferably the ma-
terial is in the form of loose coils of strip dur-
ing the initial annealing, so that cold-rolling to
gauge may be carried on in the customary man-
ner.
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In order to afford a complete understanding of -

the invention, I shall describe in detail here-
below a typical procedure in the manufacture of
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2 . »
enameling sheets in accordance with my inven-
tion, ' This description refers to the accompany-
ing drawings, the several figures of which illus-
trate the several successive steps of my new meth-
od. In the drawings;

Figure 1 shows the roughing and finishing
strands of a continuous hot-strip mill;

Figure 2 shows a cover-type annealing fur-
nace; 2 -

Figure 3 shows a continuous cold-rolling mill;

Figure 4 shows a furnace similar to that of
Figure 2; and

Figure 5 shows a -single-stand temper-rolling
mill. o

A slab 10 of steel having an analysis suitable
for enameling stock and specifically a low car-
bon content, i. e., less than .10% and preferably
around .03%, is passed through the roughing
stands 11 of a hot-strip mill and converted into

a breakdown 12. A typical analysisis:

Carbon e 03-.05%
Manganese -~ __.______________.__ 03-.129%
Silicon - ___ 05% max
Phosphorus - _________________..___ 10% max
Sulphur ... 04% max
Fe L Balance

The breakdown {2 is then sent through-the fin-
ishing stands 13 and the resulting hot-rolled
strip, finished at from 1520 to 1600° F'. and about
.080’" thick, is formed into a coil as at 14. The
coil is formed so that the successive wraps there-
of are relatively loosely coiled, i. e., they do not:
have intimate contact with each other through-

out more than a small portion, say 25%, of their. -

area.
The loose coils (4 are immediately placed on
the base of a cover-type annealing furnace (5
with as little opportunity for cooling as may be
convenient. The cover is lowered thereover and
the coils are heated to a temperature between
1500 and 1650° F. in from five to ten hours and
held there for from ten to twenty hours. This
box-annealing of the hot-rolled strip ean be car-
ried out in a neutral atmosphere, an oxidizing de~
carburizing atmosphere, or a non-oxidizing de-
carburizing atmosphere as desired, those skilled
in the art of making enameling sheets being fa-
miliar with such atmospheres and their reactions.
When the coils have cooled substantially to at-
mospheric temperature, they are removed from
the furnace 15, pickled and then cold-rolled sub-
stantially to gage by passing them through the
several stands 16 of a cold-rolling mill and re-
coiling. Should the lubricant used on the strip
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during cold-rolling be of the type which leaves
a carbonaceous deposit on the sheets after box-
annealing, the strip should be cleaned after cold-
rolling by suitable treatment as already well
known.

The coils {71 of cold-rolled strip are placed on
the base of 2 furnace (8 similar to that shown at
15, heated to a temperature hetween 1200 and
1275° F. and held there for from ten fo twenty

hours in accordance with conventional box-an- 1
nealing practice, utilizing a non-oxidizing atmos--

phere in the furnace to obviate scaling and the
resulting necessity for pickling. When cooled
substantially to atmospheric temperature, the
coils are removed from the furnace, temper<
rolled in coil form or as sheets 18 on a single-
stand temper mill 20, Alternatively, the strip
may be sheared into sheets before the final
anneal. After temper-rolling the material is
ready for shaping and enameling.

The following table shows the comparison be-
tween material produced by the method disclosed
herein (column A) and material made by the
conventional process of normalizing (column B) :

A B

Yield Poix\t, Ths./in . o..oloilaao- 24, 600-27, 000 25,000-30, 000

Ultimate Strength, 1bs./fin. ... 43, 000-45,300 ;- 40,000-43, 000
Elongation in 2/, per cent ... 35-28 t- 33-38
Hardness, Rockwell B ... 4243 3242 <
Grain Si%e. e coc oo [} 56

It will be apparent that the characteristics of
the sheets produced by the two methods are
closely similar. Sheets made by normalizing aft-
er cold-rolling and without the previous heat
treatment contemplated by my invention, show
a higher hardness and yield point and an irregu-
lar grain size. .

The cost of the method of my invention is sub-
stantially less than the cost of normalizing, even
though two box-annealings are required, because
of the economy characteristic of the latter treat-
ment and the elimination of a pickling operation
which is necessary after normalizing.

Annealing before cold-rolling possesses several
collateral advantages besides producing enamel-
ing sheets with mechanical properties substan-
tially equal to those of normalized stock. If the
annealing of loose-wound coils before cold-roll-

" tional ground coat.

4

ing be conducted in a decarburizing atmosphere,
preferably with a vigorous circulation of the at-
mosphere, the annealed metal is freed to a con-
siderable extent from carbon. This results in
enameling sheets showing substantially no gas
evolution during the firing of the porcelain en-
ame] coating and, therefore, possessing superior
enameling properties, particularly in the appli-
cation of single white or light-colored coats of
porcelain enamel without the use of a conven-
Carbon reduction effected in

~ the box-annealing at 1500-1650° F. in a decar-

40

burizing atmosphere decreases the potential
amount of distortion on firing of the enamel coatl
by increasing the critical points of the metal to
temperatures above the maturing temperature
of the enamel and, at the same time, reducing
the distortion and warpage of the articles shaped
from the sheets.

I claim:

In a method of making enameling stock, the
steps including winding hot-rolled low-carbon
ferrous strip about .080’’ thick into loose coils,
bvox-annealing the coils before further reduction
in strip thickness, at a temperature of from 1500
to 1650° ¥, cooling the strip to atmospheric tem-
perature, pickling the strip, cold-rolling the strip
substantially to final gauge, and again hox-an-
nealing the cold-rolled strip at a temperature be-
tween 1200 and 1275° F., whereby the resulting
sheet metal is substantially free from gas evo-
lution on firing a vitreous enamel coat applied
thereto and exhibits reduced distortion and
warpage as a result of such firing.

JOSEPH C. ECKEL.
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