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| Whlle much of the ferrous material produced for Inaﬂ*-

netic uses consists of high alloy metal, such for example

as the silicon-iron of commerce, there is a substanfial
market for low alloy metals for use in low horsepower
rotating electrical machinery and elsewhere.
alloy metals are not generally clasmﬁed as electrical steels
in the industry, but on the contrary colrespond roughy {0

SAFE grades 1003 and 1010, |
- Such materials are of course substantlally less expen-
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Manﬂamse-—fmm 0 15 to 1.0%, with 0. 3% to 1% bemg
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- product, which cuts down core loss.
ganese centent of over 0.3% 1s desirable.

These low

sive than the electrical steels and are used in less critical -

The basic ob]ects of this invention include
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the provision of improved methods for the production of -

such ferrous materials, and the provision of ferrous mate-

rials of the low alloy class which have improved mag-

 netic permeabilities-and other magnetic characteristics. -
~ More specific objects of the invention include the pro--
- -wan of low alloy ferrous materials which wili respond to

a final anneal 2t low temperatures for the development oOf

'then' ultimate magnetic properties, which do not require

decarburization during .a customer’s anneal, which will
have uniform and stable magnetic propurties incinding
low core loss and high permeability for materials of the

class, and ‘which will have good punching properties.
These and other objects of the invention which will be
- pomted out hereinafter or will be apparent to.one skilled
. in the art upon reading these spamﬁcatlons are accom-
- plished by those procedures and realized in those products

of which certain exemplary embodlments will now be

 described.

Brietly, in the practice of this invention, 1t has been

found that low alloy ferrous materials of certain analyses

ect a maferial im-

can be produced in.such a way as to e

similar ferrous materials otherwise produced. In parti-

changes in the crystal lattices whereby the magnetic quah-
ties are substantially improved, and the ferrous material is

- rendered magnetlcally non-a gemg The ultimate product
- will be low in carbon, that is to say it will have had its
" carbon content reduced to a value of about .003% or
| While the magnetic ferrous material of this inven- ©
 tion is not strongly directional, and is not considered :
" to be an oriented product, it is believed that its improved

magnetic qualities are due in part at Ieast to an enhanced

 degree of crystal orientation. .

The initial ferrous material for conversion into tﬂe_'
product of this invention is preferably a rlmmmg steel
 which can be formed in any suitable way such as in the -
cpen hearth furnace (with -or ‘without oxygen blownﬂ), |

or by any of those processes in which the metal is biown
with oxygen. The steel is preferably cast into ingots in
“bottle top molds,” ie., mgot molds having a smail

opening at the top, Wthh opening is mechanically capped
“after teeming.
the amount of carbon Whl_ch may be ].OSL durmE, the solidi- -

The use of such molds has an effect on

fication of the metal.

Other methods for casting the metal wuhout excesswe |
loss of carbon would be satisfactory, e.g., continuous cast- - =
" ing methods resulting in what may be termed “thin bar.” -

The metal as teemed or cast (ladle analyﬂs) may be as |
70

at a temperature of about 1600° F. for good recrystailiza-

follows: . |
Carbon-—--above.about';()S %_, but net'-ovef ab_out 1%, '_

taught bring about

prefelred

Phosphorus—ifrom rﬂmdual to about 15 %,

Silicon—up to about .1% if desired,

Sulfur—as low as practicable, and not over about (}25%
being preferred, | |

Balance substantially all iron with gur:h recldual Impuri-
ties as are incident to the mode of manufacture.

The manganese pmmotes good low: temperature recrys- |
tallization and contributes to the volume resistivity of the
In general, a man-

The phosphorus and silicon increase the 'vc}lume Te-
sistivity of the metal and also increase hardness. |
Tt will be seen that the amount of silicon is low and

ig not sufficient to moduce a high allcy product clasmﬁable_ :

as electrical steel. o
in most modes of steul manufacture fmm about 005

to 0.1% of silicon may be regarded as a residual im--
| purlty, and in the product of this invention, the s111con-

may lie within the last mentioned range.
Ferrous material having the above analysis is sub]ected a
to processing steps Wﬂlch may be generally outlmed as
follows: 3 | | |
(1) The ingois or other cast structures are ho:. mlled
to an intermediate gauge. -
(2) The hot mﬂed matenal is pmkl d -tG 'remove the

 hot mill scale. o -

Co%
1

- {3) The plckled maferlal is subjected to a Iow tempem-
ture decarburization in a decarburizing atmosphere.
(4) The decarburized product is cold rolled to final

~ gauge or substantially to final gauge.

(5) The cold rolled product is sub;ected to a relatively
low temperature anneal. This may be practiced either
by the manufacturer of the ferrous material or by his

~ customer after punchmg This annea] is a non-carburlz-
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‘provement in their magnetic properties as compared with '

g

44y
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mg anneal. -

(6) In some instances, and especially where the manu-
facturer of the ferrous material practices the anneal which
is the step No. 5 of this routing, the material may be

'tﬂmper rolled, ie. rolled with a small elongation, say,
.about

3% to 3.0% after the anneal but prior to phnc'h-
ing.

The generahzed series of steps outllned above may be
practiced wholly by the steel manufacturer or in part by
the steel manufacturer and in part by the customer. In

the former of these instances, the steel manufacturer will -
~ perform all six of the steps noted, and the stock so
‘produced will be referred to as “finished stock.”
‘customer will receive coils or sheets, of the stock after

The

the step 5 anneal has been practiced thereon; and the

~ stock will generally be temper rolled as above defined,

not only to produce flatness but also to harden the stock
slightly to put it into better condition. for punchmg

In the latter of these instances, the stock may be sold
to the customer as “semi-finished stock”™ after the comple-
tion of the cold rolling which is step 4. In this event,

~ the steel manufacturer will usually take precautions to

insure_ﬂatness in the coils or sheets. This may be done
in various known ways, one of such ways being the giving

“of at least a final light cold rolhng pass to the Stﬂul unde:r_'

conditions of tension. -
It will be noted that. the 1mt131 matarnl is 1elatwe1y
high in carbon for a reason which will be set forth later.

" But the carbon content requires certain precautions during
- the hot rolling. MMassive carbides in the hot rolled inter-

mediate gauge material are to be avoided; and the carbon

should be present as finely divided dlspersed carbldes or
~ pearlite.

This mﬁy be aacomplmhed by ﬁmshmg the hot rolhng |
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tion, theu queuohiug the hot rolled material with water -

on the run-out table, and coiling it at a temperature not

above about 1150° F. and preferably at about 10600° F.

Even lower temperatures can be used; the only limitations

being the mechanical limitations of the coiler. This pro-

cedure msures a desued eoudrttou of the carbon in the |

product, - -
- The hot rollrug mav ‘be earrred on otherwise in any
~suitable way and on any suitable apparatus; but continu-

ous hot rolling is preferably practiced, the ferrous ma-

10

terial being redueed to the desired intermediate gauge
from ingots either without reheating, or with a reheating

of slabs formed from the mgots during the course of the

reduction.

The rutermedrate gauge to which the ferrous materlal

is hot rolled can be considerably varied in the light of

15

the final sheet gauge desired, taking into account the -

- available hot rolling apparatus.

to a gauge of about .080"" leavmg a reduction of about
70 to 80% to be perforrued in the subsequent ccld roll-
ing.

For example, in a com-
- mercial procedure, the ferrous material has been hot rolled
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However, there is evidence to indicate that a cold .
rolling with about a 40% or 50% reduction is desirable

for grain size, so that in general the gauge of the hot

rolled stock may be as light as can be obtained with the

~available apparatus in a satisfactory hot rolling operation.
If a hot roll gauge as light as .050"’ can be achieved, a

cold rolling reduction of 50% will produce a sheet- stook 3

‘having a thickness of .025”’, which is suitable for many
It will be uuderstood that the intermediate and

Usgcs.

perature in the deserlbed atmosphere wrll be suﬁiereut

for a thirty ton charge. Some muffles are provrded with
means for producing a positive circulation of the atmos-

‘phere within the furnace so"as to enforce a flow of the
| atmoSphere between the convolutions of the coil, and this

increases the efficiency of the der:,e.rl:u.trrzurﬂr treatment, as
indicated in thé above éxample. -
It should be understood that the furnace atmosphere

between the couvoluttons will increase in carbon content,

so that for raprdtty of operation this ‘build- -up must be
diluted as by the continuous addition of fresh ‘gas, or by
scrubbing out socme of the carbon. - -

-Under ideal. eoudmons of furnace atmosphere, whreh

may be uneconomical to maintain eoutmuously, the time
required probably could be redueed

to several hours. | |
Variations in temperature may be employed and by a

~low temperature decarburization is meant a decarburiza-

‘tion within a tempel ature range of about 1250° F. to
1600° F.

It is known that efficient decarburization will
also occur at a higher temperature range, say 1750° T,

“and above; but the material being treated: 1s d‘flmﬂt_ to
_--haudle properly at such high. temperatures. -

It has been found in the practice. of this mveutron that

~ the optimum results are attained when the decarburized

hot rolled. produet is .characterized by a su‘ostantral col-
umnpar grain growth. The procedure. of this application

- makes-use of the hitherto recognized pheuomeuou that

~ columnar grain growth will occur. during a heat treatment

- final gauges of the material may be varied as desired so -
long as an adequate cold rollrng reductrou as heremafter_. B

set forth, is practiced.
The hot rolled material is then plekled In the ordinary

- way for the purpose of removmg the hot mill scale froro-

- its surfaces.

After the hot rolled rutermedrute cauge ferrous materral'

is pickled, it will be subjected to a low temperature de-

carburization. This is best aceornphshed by loose coiling

the material and heating it in a muffle furnace.

It 1s
necessary for proper decarburization that the furnace at- -
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- mosphere have ready access to all of the surfaces of the -

stock. There are known techniques for coiling the metal

with the interposition of a strand-like separator between
In some procedures the:
strand is removed before - anueahug, while in other proce--

the convolutions of the: coil..

“carbon reduction.
~ characterized by crystals of macro size, i. ¢., visible {o the

in which a phase ohsnge occurs at a constant. temperature;
- The phase change is dependably produced by a reduction
- of the carbon.content of the material from a value of
~ at least about 0.05% to a value at Ieast as low as about
0.003% during the soaking portion of the. heat treatment,

although it can be produced within a narrower range of
The resulfant deoarburrzed product is

naked eye.. The material will further. be “brrght ” since

-1t was pickled prior to the decarburization and. since the
furnace atmosphere is oxrdrzrug toward earhon but sub-

stantially non-oxidizing toward iron. N
Following the decarburizing treatment a cold rolhug

~ of the material is practiced. The cold rolling , - which can

dures a strand which will withstand the temperatures of
the anneal and is so configured as to permit the passage

~ of the furnace gases between “‘he eouvolutrons 1S left in

place in the coil.

It has hitherto been. kuowu (see the Carpenter et al,

US Peteot No.- 2,287,467) that decarburization in a _'

- wet. atmosphere can be accomplished at a eompftratwelv

low temperature; and in the practice of this invention the

~ loose coiled material is supported in a suitable muffle

ot

~ and heated to about 1350° F., the mufile being filled with -

- the desired atmosphere. . The atmosphere 18 (for economic

reasons) preferably one. containing from 20 to 40% hy-

- drogen and having a dew point of about 120° F. Hy--

~drogen to which water vapor has been added may be

used as such, or HNX or dissociated ammonia or mixtures
of the two may be used. The controlling factor here is
It should be such that raprd de-
carburization will -occur without oxidation of the ijron.
The atmosphere should not contain apprecrable arounts

._ the r Eltl(} of Ho: Hgo

of strongly carburizing gases.
- The decarburizing time increases Wrth the thickness of

the metal being treated, and, as has been indicated, the

60

decarburization is so carried on as to reduce the carbou

content of the metal to at most about 0.005%,. and pref--
‘The initial carbon content
also has an effect upon the deearhurlzatron time; but by
- way of example a treatment of material having a thick-
ness of .080” and a carbon content greater than about
05%, but less than .1% for ebout twelve hours at tem-_-

erably to 0.003%- or lower.
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be carried on in any cold rolling ‘mill or tandem train,
preferably produces about 40% to 50% reduction in the
thickness of the material; and a reduction of this order
appears to be desirable for grain size. “However, it may

-be found difficult to obtain a desrrably thin final. product
in a single stage of cold rolling from any ‘available inter-

mediate gauge hot rolled product unless the percentage of

-cold rolling reduction is increased.” Cold rolling reduc-

tions extending from about 40% to. about: 80% may be

given 'as a feesrhle rauge for the. purposes of thrs inven-

tion.
The cold rolled product which is the result of step 4

in the routing given above may be supplied to the custo-

mer for stamping or punching in the “fuall’ Hard” condi-
tion prowdlng it has satrsfaetory flatness.  As an alter-
native, it-may be given a brief, relatively low tempera-

ture anneal followed.by a. temper rolling (as above de-
-'ﬁned) to-obtain a desired hardness for punching,
‘again it may be treated for the ‘introduction of critical
- strain (as later described), to promote grarn growth in

Yet

a subsequent customer’s anneal.
The suneahng treatment Whreh follows the cold rolling
reduotlon in the ‘routing given above, -and ‘constitutes

step 5 thereof, should produce a. reerystalhzatrou of the
 material and therefore should be above about 1100° F.
‘The normal temperature range will be between . about
1100° ‘and about 1400“ F. Somewhat hrgher tempera-

tures may be used,  Tco hrﬂ*h a temperature should be
avoided, since excessive temperatures lower the perme-

ability, possibly because they tend to impair the. orienta-
tion hereinafter described. As a general rule, the tem-

~ perature should not. be allowed to Tise ebove 1650“ ‘B,

oru about - 12 hours




inabove mentioned to increase the stiiness of the stock

-

- well understood by the worker in the art.. Nitrogen, ni-

" and preferably not above about 1600° F. * A normalizing
- ‘treatment, i.e., a heating of the material to above ifs Ag
~ point followed by a rapid cooling, should be avoided, if

it is desired to take advantage of the high permeabilities
resulting from the favorable orientation. o

The anneal may advantageously be carried on with the
1aterial in coiled form in a muffle or box, when per-
formed by the steel manufacturer. With care it can be

carried on in a continuous furnace; but a time ai tem-
perature which is characteristic of the operation of box.
or mufle furnaces is advantageous to the production of -
~ the optimum magnetic properties. Where the steel pro-

ducer anneals the cold rolled stock, it may prove advan-
tageous to follow the anneal with the temper rolling here-

for better punching characteristics.

The same general considerations -apply when the step

5 anneal is performed by the customer. It will be un-

derstood that the customer may anneal the stock either
20
nealing of punched laminations may be carried on in con-

before or after punching laminations from it. The an-

ventional furnaces of the continuous or batch fype.

~ Whether performed by the steel producer or by the
customer, the step 5 anneal can be carried on in conven-
tional annealing atmospheres or in any atmosphere which
is non-carburizing to the low carbon material and does
not produce excessive oxidation of the steel, all as will be

trogen-hydrogen mixtures, dissociated ammonia and the

1ike can be used, as well as pure hydrogen, if desired. The
- annealing atmosphere will have a dew point low enough
to preclude undesired oxidation. It is an advantage of
" the invention that the step 5 anneal need not be a decar-
burizing anneal. - | | R

- Preferably it will be carried on as a bright'anneal;
but where punched laminations are being treated, it does

~ not constitute a departure from the spirit of the inven-
 tion to practice a controlled oxidation, such as a steam

bluing, on the laminations in the cool-down portion of
the anneal cycle. Such a controlled oxidation provides
an insulative film on the surface of the punchings which

reduces eddy current losses when the punchings are fabri-

cated into electrical devices. | | |
‘X-ray analysis shows that the material of this 1nven-

tion following the cold rolling and annealing is charac-
terized by a detectable degree of crystal orientation.

This crystal orientation partakes in. part of the nature
of cube-on-edge orientation, (110) [001] by Miller’s
Tndices. The degree of orientation produced is some-
times called “two times random” which means that if a
pole figure is made in which dots In certain areas indi-
cate crystal orientation, the density in the darkest areas

~ produced by the clumping of the dots will be about twice

the average density of the pole figure. This degree of

orientation is not sufficient to impart marked directional
" characteristics to the product; but the product of this

invention has uniformly a higher permeability than prod-
aets of the same chemistry otherwise produced, and in

particular higher permeabilities than similar products
having completely random orientation. | N
 The product of this invention has a uniformly low core

loss. In commercial practice it will be found that the

core loss values for the material of this invention, when
measured on Epstein samples in.which half of the pieces

~ are cut parallel to and half are cut transverse to the direc-
tion of rolling, having a thickness of .025" and having
been annealed at 1300° to 1350 I in a neutral atmos-

phere, will be about 1.8 to 2.0 watts per pound at 10 kga.,

and about 4.80 to 5.10 watts per pound at 15 kga, The
permeability of the material will generally lie between
values of 1580 to 1610 at 10 oersteds. The high per-
meability of the product at high inductions results in

lower exciting currents and consequently lower copper

costs in electrical machinery in which it is used.

13,180,767
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- Ex_émplary values are -given--belowz

Magnetic properties of the steel of this i}wemfon and cold
. rolled commercial quality steel -

[AQl properties obtained from 60 cycle tests made on Epstein samples
(nominal thickness .025") given a 1350° F. anneal after processing]
| Compo- | - Core L.oss,.
| o : - sition Sample w.flb. Per-
10 . Material Direc- : mea-
| | b tion - 1 bility
Mn | P | 10- | 15 |at H=10 |
koo, | kga. | e
Commercial Quality I i S D
Cold Rolled Steel...._t .36 | .G08 -50/60 | 2.3 | 5.6 1,540
15 he Magnetic Steel of . T - | S
~ This Invention.__. .. .38 |.005} . 80/50 | 1.9)] 48] - 1,600

" The steel of this tim'reﬁtion-.may; if desired, _'b'e_,. sub-

jected to a critical straining treatment for the purpose

of attaining enlarged grains in the final product. As

understood in the art, a critical straining procedure in-

25

voives subjecting the steel to a cold rolling reduction

of about 10% to about 20% followed by a heat treai-

ment at a temperature generally from about 1250° to

_about 1500° F. in a non-carburizing atmosphere. The

‘critical straining treatment must follow both the cold

- rolling to gauge and the recrystallizing anneal. = Thus, if
~practiced, it will be undertaken subsequent to the step 5

30

anneal in the routing given above. It can be performed
either by the steel manufacturer or by his customer. The

“critical straining treatment can be employed as a sub-
stitute for the temper rolling which has been given as

step 6 of the normal routing. . -

The critical straining treatment produces a substan-.
tial grain growth in the finished product. This diminishes
the degree of preferred orientation, and hence slightly low-

~ ers the permeability of the product. At the same time,

40

the core loss characteristics are improved by the enlarged
orain size, this being an advantage in some anplications

offsetting a small lowering of permeability values. The

product in either event is believed to be unique.
Variations in the procedures set forth above may be

‘made without departing from the spirit of the invention.

The invention, having been described in exemplary em-

‘bodiments, what is claimed as new and desired to be

secured by Letters Patent is: - |
1. A process of making a ferrous magnetic material

which comprises forming a steel containing about 0.05%

to 0.1% carbon, about 0.15% to 1% manganese, up to

~ about 0.15% phosphorus, and up to about 0.1% silicon,.

60
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the balance being substantially all iron with normal resid-
ual impurities, and S y

(1) casting the steel into a shape suitable for hot roll-

 (2) hot rolling the steel to an intermediate gauge and

coiling the hot material as rolled at a temperature
not above about 1150° F. to produce finely divided
‘dispersed carbides therein, and pickling .the hot
rolled material, S -
(3) subjecting the hot rolled and pickled material to a
decarburizing anneal at a temperature of substan-
tially 1250° to 1600° F. so as to reduce the carbon
therein to a value not greater than about 0.005%
and to cause columnar grain growth to occur because
of a phase change, and" o o |
(4) cold rolling the decarburized material with a re-
duction of substantially 40% to 80%. | |
2. The process claimed in claim 1 wherein the hot
rolled material is coiled at a temperature not exceeding

“about 1000° F. | |

3. The process claimed in claim 1 including a step in
which: | ' - - -
 (5) the cold rolled sieel is subjected to a low tempera- )
ture anneal substantially in the range of 1100° to



1650° F. but below the As point in a non-carburiz- -

ing eubstantlally non- omdmng atmosphere.

4. The pmcess claimed in claim 1 wherein the steel
is decarburized in a loose coil treatment at a tempem- -

ture of substantially 1250° to 1600° P

5. The process claimed in claim 1 wherein. the qteel-fﬁ_

is decarburized in a loose coil treatment at a temperu—

ture of substantially 1250° to 1600° F., and in which
the hot rolled material is coiled at a temperature not -

above about 1600° F.

6. The process clalmed in claim 3 mc:ludmﬂ the fol-
lowing step: |

(6) tempa rolling the steel with 2 reductien of sub-

stantially 0.3 to. 3.0%.

- 7. The process claimed in claim 3 in WhICh the steel
after step 5, is subjected to a cold rolling reduction of

substantially 10% to 20% and subsequently to a heat
treatment at substantially 1250° to 1500° F. in a non-

o DAVID L R“CK Pri zmary Exammer

carburlzmg atmosphere.
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8. The process clalmed in claim 1 whelem the sicel

18 decarburmed tfo a. carbon content not over about

0. 003%

0. The process clalmed 1n clalm 1 Whereln the de-
mrbunzatmn is conducted in an atmospl‘oere containing

at least about 20% hydrogen and hamng a dew point of
about 120° F.

10. The pmcess claimed 111 clalm | Wherem in, step
1, the steel is cast into small top mgot molds Whlch are
’Lben mechamcally capped
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