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1 Claim. -

{CL

This invention is concerned with the produc-

tion of silicon steel products having optimum
electrical and mechanical proi)erties. It is es-
pecially - concerned with the heat freatment of

electrical silicon steel sheets and strip in such -

a manner as to alter the composition thereof to
the benefit of its properties.

In accordance with established steel making
and processing practices, it is inevitable that sil-
icon steels have, in addition to the expected con-
tents of iron, silicon and carbon, quantities of ad-
ditional elements in varying amounts, which are
largely non-metallic impurities remaining in the
steel after its refinement in the steel making
process, or acquired during subsequent heat treat-
ment or hot rolling. Carbon itself, though ex-
pected in small proportion in steels of this-class,
is frequently too-high for the attainment of the
desired electrical values and mechanical proper-
ties. Other non-metallic elements frequently
found in such steels, either in combined or un-
combined form, are oxygen, nitrogen, hydrogen,
sulphur and phosphorus.

For the attainment of optimum electrical prop-~
erties, it is generally regarded that silicon steels
should, as far as practicable, consist of pure iron
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non-metallic elements, which are present in
such amounts as to impair the electrical and me-
chanical properties, to the extent that such ele-
ments are either eliminated, or greatly lessened
in their effective amounts, resulting in curing the
steel of substantially all deleterious effects attrib-
utable to their presence,

Carbon is generally regarded as harmiul to the
electrical and magnetic properties. .Present in
very low concentration, it distorts space Iattice

‘of silicon ferrite with the subsequent deleterious

effect on magnetic properties of the metal. In
greater amounts, the cerbon tends to form aus-
tenite at higher temperatures. ‘Upon cooling tc
room. temperature, the original austenilic areas
result in ferrite of -a more or less distorted na-

" ture, the presence of which is always undesirable
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in magnetically efficient alloys. This phenome-
non cannot be prevented by the application of &
controlled cooling rate tending toward the estab-
lishment of equilibrium conditions in the metal.
Neither can the effect of carbon be remedied by

< thermal cycles tending to precipitate cementite in
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and silicon, and should have homogeneity, perfec-

tion of crystallinity, and freedom from all strain,
Such an ideal alloy could, by & minimum amount
of treatment in an appropriate manner, be in-
vested with optimum electrical and mechaniecal
properties by the establishment in the metal of
the essential grain condition, as to size and ori-
-entation, and by maintaining the steel complete-
ly free of such impurities as are antagonistic to
the attainment thereof.

Since the presence of non-metallic elements in
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steel produced by commercial methods is un-

-avoidable, processing must be adopted with a view
_toward, either: (1) disposing such impurities in
the mietal in such chemical and physical condi-
tion as to minimize their harmful effects, or (2)
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eliminating them as completely as possible, thus-

removing them from consideration. Consider-
able work has been undertaken in the processing
" of the electrical silicon steels 'so as to- achieve
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both of these ends, although, by virtue of the fact '

that steels placed in such condition as readily to
give up the impurities are, by tlie same token, sus-

~ ceptible to recontamination by the same, or equal-_

ly objectionable, elements, the tendency has been
toward the former course rather than the latter.
The present invention is directed toward the
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treatment of electrical silicon steels in such a° '

manner as to cause the latter to give up those
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shape of -graphite. Though under such condi-
tions the space lattice distortion can be eliminat-
ed practically completely, the presence of discrete
graphite particles reduces the effective cross sec-
tion of the metal resulting in corresponding loss
of electrical characteristics.

The iron-nitrogen system corresponds closely
to the iron-carbon system, just discussed, and ni-
trogen, like carbon, is regarded as being a very
serious contaminating influence in electrical
steels even in minute quantities.

Oxygen is one available reagent by which car-
bon may be removed from steels of this class, or
rendered in a fairly stable chemical form in
which its bad effects are minimized. However,
oxygen in uncontrolled amounts not only exces~
sively oxidizes steels which are exposed at high
temperature to its influence, but combines with
the silicon content, as well as with any other ac-
tive metallics present, such as aluminum, to form
the oxides thereof, in which condition they are
not useful or active as in their uncombined form,
and in which condition they further provide “dirt”
throughout the steel, which, in microscopic and
submicroscopic condition, can cause & very seri-

-ous impairment of the electrical properties. -

The metalloi sulphur and phosphorus—are
well-known for their deleterious influences on .
the .mechanical . properties of steel in general,
and are no more desirable from the electrical
standpoint.. The sulphur compounds of iron -
increase dielectric and lower magnetic character-
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accordance with the present invention, however,
the getters, by being effective in lowering the
partial pressure of the deleterious gases, cause
8 uniform and well-distributed movement of the
latter from whatever may be their source of ori-
gin interiorly or exteriorly of the charge. This,

of course, has reference to a partial pressure of

elements and their compounds, rather than ac-
tual atmospheric pressure, which, in some cases,
‘may even be higher externally of the charge
than internally. It is this partial pressure phe-
nomenon that renders the sealing of the more
open types of furnaces extremely difficul?, in so
far as the exclusion of those gaseous elements

active toward the metal under treatment is con-.

cerned. By hermetically sealing the charge, all
influences, except ‘those within the container, are
eliminated, rendering the getter free to effect
lower partial pressure of the substances with

which it combines, thus to effect uniform frans- 2

migration of such substances from an entire
charge, and, thus, to insure absolutely uniform
results throughout the entire mass under treat-
ment, irrespective of its placement in the con-
tainer,
- From the foregoing, it will be obvious that the
‘material selected for the container, or annealing
. receptacle, should be of such composition as will
not bring an undue amount of contaminating in-
fluences to the enclosed atmosphere, since this
would impose an undue tax upon the capacity of

the getter, and cause the requisite quantity of

the latter, as well as the time necessary for the
effective treatment of the charge, to become ex-
cessive. ‘Thus; the container should not be high
in those nonmetallic constituents to which the
getter is active, which it is desireq to remove from
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A cover 4 is arranged completely to cover the
charge, and closely to cooperate with the base,
so as to form a hermetic seal therewith, as by a
continuous welded seam 8. In these figures, the
getter substance 6 has been represénted as a DOW-
der distributed across the floor of the container
beneath the charge. It'is obvious that any suit-
able disposition of the getter may be provided,
as by wall pockets or holders (not shown) ar-
ranged therefor on the inner walls of the cover 4,
In Figures 3 and 4, the charge is represented
as a stack of sheets S’ sandwiched with layers
of the getter substance 6, so as to interpose the
getter between eéach of the sheets, as shown in
Figure 3. In this arrangement, the getier serves
an additional function of maintaining the sheets
in spaced relation to prevent sticking thereof at
high temperatures, and, thus, should be a2 non-
fusible substance to prevent sintering and stick-
ing of the sheets together. Calcium hydride,
preferably mixed with an iner{ filler material,
e. g., lime, magnesium oxide, or talc, is an exam-
ple of one suitable material for this purpose. In
this embodiment, the top sheet Sz, and the bol-
tom sheet Sz, cooperate with suitably disposed -
vertical sheets Sa, Ss, Ss and Sv, constituting the

sides and ends, respectively, of the container.
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These six last named sheets are all suitably
joined together as by welds 5’ to constitute an
hermetic enclosure.

In the embodiment shown in Figures 5 and 7,
a tube 8, having a bottom closure 8 integrated
therewith, is provided with a tapered plug 10 at

- its open end, which, after the charge S has been
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the enclosed charge. In fact, the container may .

. be composed of some material which will in it-
self; act as a getter, such as stainless steel, or
other alloy steels high in active ingredients. In
the latter case, the container may serve as the
only getter substance present during the heat
treatment, although it is more usual to include an
additional active substance within the container,
relative to. which the container metal, per se, acts
in a complementary relation.

In the attached drawing; several unrestrlctwe
forms of apparatus for giving effect to the pres-

_ent invention are illustrated, as follows:

. Figure 1 illustrates one of the more convention-

~ al forms of annealing receptacles, for accommo-
dating a stack of sheets in accordance with the

present invention, shown in cross-sectional ele-

- vation taken along line I—I, Figure 2.

Figure 2 represents a side elevational view of

the container shown in Figure 1,

Figure 3 is a view corresponding to Figure 1.

of another manner of hermetically sealing &
‘charge of sheets in accordance with this inven-
tion.

Figure 4 is a side elevational view of the ar-
rangement shown in Figure 3.

Figure 5 is a side elevational view of another
form of annealing receptacle made in accordance
with the present invention.

introduced therein, is driven into place and
welded as at 5. A getter substance 6 is disposed
in any suitable manner within the tube. Inas-.
much as this frequently takes the form of some

. of the metallic substances, such as, magnesium,
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aluminum, ete., above the melting point of which

-the charge is heated, it is desirable to tilt the -

tube slightly, as indicated in Figdre 5, in order
that the getter substance in liquid form will not
run between the sheets and tend to braze -them
together.

T the modification shown in Figure 6 there

" is an annealing receptacle, similar to that shown
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Figure 6 is a view correspondmg to Flgure i

of a similar receptacle provided with evacuating
means.

Figure 7 represents a cross-sectlonal elevation-
al view taken along line VII—VII in Figure 5.

Referring more specifically to the drawing, in
Figures 1 and 2, a charge comprised of a stack
of sheets S is supported by suitable spacer bear-
ings 2 upon the base 3 of an annealing container,
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in Figure 1, comprising & base 3, and a cover 4,
united to the latter, as by a welded seam 5. An
evacuating tube 11 is provided at any suitable 1o-
cation, through which the gaseous contents of the
receptacle may be withdrawn. Such an arrange-
ment may be regarded as typical for any of the
forms of annealing receptacles here shown, and
js not restricted to the box type shown in Figures
1,2and 6.

Apart from the evacuating means, of which the
device shown in Figure 6 is representative, any of
the hermetic containers here illustrated my be
evacuated, or partially evacuated, before being
hermetically sealed at the outset. Means for
such purpose are old and well-known to the art,
and need not be illustrated. Also, any suitable
hermetic receptacle is contemplated, whether for
the accommodation of stacks of sheets, or coils of
strip, and the invention is not limited to the spe-
cific forms of apparatus shown in the drawing,.

Silicon steels treated in accordance herewith
have manifested substantial reductions in the
quantities of non-metallic elements present; par-
ticularly, carbon, nitrogen, oxygen and sulphur,
and have proved o possess electrical and me-
chanical properties for any given grade (deter-
mined by the silicon confent) corresponding to
those for higher grades having greater silicon -
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content but with the superior mechanical proper-
ties.of the lower silicon grades unaffected. It Is,
thus, possible to obtain improved electrical and
mechanical properties with less silicon than has
heretofore been possible, which considerably
simplifies the processing operations; particularly,
those of reduction to gauge and heat treatment.
In this latter connection, it is known that for the
attainment of optimum electrical properties, the
higher the silicon content, the higher must be the
heat treating temperature, unless special alloy-
ing additions are included, such as aluminum.

The dattainment of the properties of the higher
.grades at lower silicon contents results, there-

fore, in considerably simplified pracessing, and
the full development of the electrical and me-
chanical properties in one heat treatment con-
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was from a previously conventionally treated run
of sheets, which, though having satisfactory core
loss values, showed such marked impairment of
ductility, as to have been rejected as being non-
salably brittle. Upon retreatment, in accord-
ance with the present invention, as given above,
the ductility was restored to a suitable value,
thus demonstrating the effectiveness of the pres-

ent invention in perfecting the mechanical, as

well as the electrical, properties of steels of this

.class, It also may be of interest to note that
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ducted in accordance with the ‘principles here -

set forth.

Specifically to illustrate the results recited in
the foregoing paragraph, the following demon-
strations have been performed:

Charges of silicon steel sheéts that had been
reduced . to gauge, pickled, cold rolled to flatten,
and coated with a sticker prevention coating,
were sealed in hermetic containers, so that the
weight of sheets in each approximated 23% tons.
Sealed within each of the containers were fiftéen
pounds of a getter composition; in one case com-
prising ten pounds of aluminum and five pounds
of magnesium, and in another case comprising

- ten pounds of aluminum and approximately two

and one-half pounds each of magnesium and cal-
cium. . The containers, thus charged, wére sealed
by careful welding, and were disposed in the fur-
nace, and heated until the charge attained a tem-
perature of approximately 1950° F. The results
as to core loss at an induction of 10,000 gausses
in relation to the silicon content were as follows

_Bo:n 115 aluminum-magnesium getler

TP NCTCEN
)
3

Bozx 11 6 aluminum-magnesium-ca_lcium getter

RN

Core loss

Silicon

content 10,000 B
8 3.60 .. 541
9 3:79 .518°
10 | .3.79 . 536
11 3.79 .539
12 4.56 .495

'The above watt loss values for the siicon con-

. tents given indicate that these steels exhibited

magnetic properties, in consequence of the heat

" treatment,; corresponding to-those. higher grades

of steels contaimng from 4.15. to 4:45 per cent
silicon. It is interesting to note that the sheets

- listed under No: 8, above, showed a core loss of a -

low value usually associated with silicon steels
nearly two grades higher .than the 3.60 silicon
steel here exhibited. It is also interesting to
note that the material listed under No, 7, above,

[ -
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" some 900 grams of carbonaceous residue, ana-

lyzing 25% carbon, were collected within the
container, which had deposited therein remote
from the charge, and in the proximity of the
getter, particularly the magnesium portion
thereof..

It is within the scope of the present invention
to utilize g getter substance, which, after react-
ing with the deleterious ingredients, may give off
a gas to replace the internal atmosphere of the
container as & reaction product. In this partic-
ular, those compounds which yield hydrogen,
such as calcium hydride, titanium hydride, ete.,
provide a hydrogen atmosphere which acts as a
flushing gas. Or, if desired, a suitable flushing
gas may be introduced through an evacuating
outlet after evacuation of the included gases.
The presence of hydrogen renders the enclosed
atmosphere both reducing and decarburizing,
and, thus, results in the appearance of water and
hydrocarbon gases within the container.. The

" moisture content, the hydrocarbon gases, such
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as methane (CH4), and the carbon oxide gases
(CO and COz2), because of their ready dissocia-
tion and activity at the heat treating tempera-
tures, must be subject to reaction and stabiliza-
tion by the getter substances employed, as has
already been described herein, above, -

Thus, the present invention contemplates the
removal from the silicon steel charge: (1) of
carbon, principally as a gas in the form of the

-carbon oxides, or as a hydrocarbon; (2) of oxy-

gen as free oxygen, or as combined with carbon
(CO and COz2), and hydrogen (H20); (3) of ni-
trogen as free mtrogen or as ammonia, or cyan-
ogen gas. In addition, a.marked reduction of
manganese has been observed from these her-
metic annealing practices in the presence of get-
ters, as well as that of sulphur, and, to a less
extent, phosphorus, which, by virtue of the fact
that most of these steels are ‘open hearth steels,
is usually of a very low order in’ the first in-
stance.’

It will be understood, therefore that many
modifications of the invention may be made
without departing from the scope thereof, and it
is not inteénded that I be limited to the specific
embodiment shown, other than as is rendered
necessary by the recitations of the appended
claim. .

I claim:-

In the processing of electrical silicon steel
sheets and strip, the improvement which in-
cludes hermetically sealing such steel within an
enclosure in the presence of a substance active

.at elevated temperatures toward the nonmetallic
elements within said enclosure, and heating the

steel and said substance sumciently to effect dif-
fusion of the nonmetallic elements through the
steel, said method further including evacuating -
the atmosphere from the enclosuré incident to
the hermetlc sealing thereof.
. JOHN D, GAT,



