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6 ‘Claims. 
.1 

: Notablev progress-over the past years has'been 
made in the technology-andproduction of iron 
silicon alloys (.5 to 5% silicon) toward attaining 
high permeability and .low hysteresis loss .at high 

The product - has ‘been. one char~ 
acterized: by a .highlyv directional. permeability, 
i.- e. very-high permeabilitylin- the rolling direc 
tion; and 'the‘availability of such a product has 
brought about radical changes in the designer 
transformers and other electrical apparatus. 
The great-majority --,of electromagnetic appli 

cations. for -such~a_.-=product (for example, power 
transformers’ and the like) has required silicon 
steel» ‘sheets of av thickness ;-lying -.between l0.v and 
14 mils. Newer- developments. to which; great 
impetus has-‘been ‘given by‘ war needs; especially 

‘ in electronic, high frequency andiother specialized 
‘applications, ‘have required ‘the. production of 
favorably oriented silicon steel in thicknesses as 
low as 1 mil. ~Butf~eftorts=to obtain comparable , 
permeabilities and core losses-in such thin ma 

" - terials haye hitherto been unsuccessful. 
' The principalobject of this» invention is the 

provisionof. a commercial- process for the produc 
tion of exceedingly thin silicon steel of the order 
of .5.to '7 mils ._in.thickness.,~-which possesses wvery 
low core ' ‘l'oss- vand ~ very ‘high-l permeability in the 
straight grain direction; i.-e.- with-the magnetic 
?ux parallelxto :the direction of rolling. 
-The ancillary objects-of this inventionwhich 

will beset vforth hereinafter, or will ‘be ‘apparent 
to one skilled in the art upon reading these-speci 
?cations, l'accomplish in that procedure of- which 
I shall (describe ‘certain vexemplary embodiments. 
Reference will hereinafter be made to the draw 
ings wherein: 
Figure l is a pole ?gure. determined by optical 

methods for a highly oriented silicon steel of in 
termediate gauge. as respects my product. 
Figure Zisadiagrammatic representation of i 

the crystal .orientationinsuch a steel. 
vFigure 3..s‘hows the grain condition in‘ a vsteel 

suitableiorthepurpose of my invention,..hei-ng a 
photograph atv a- magni?cation of. approximately 
two diameters. 

‘ Figure 4 is a pole ?gure determined by an .X-ray 
dilfraction pattern of the same steel after being 
cold rolled with a reduction of 83 %. 
Figure .5 is. a. diagrammatic representation of 

the crystalprientationin such a steel. 
.. Figm'e; 6;.shows the elongation otthe grains 
therein prior ‘to recrystallization, being a photo 

IgraphI-at a magni?cation or approximately two 
. diameters. 

. Figure‘ 7/.is a pole?gure characteristic of ‘the, 
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last mentioned steel after recrystallization in an 
vopen anneal. 

Figure 8 isa diagrammatic representation of 
the orientation of the crystals therein, being a 
photograph at» a magni?cation of approximately 
two diameters. 
Figure 9 shows the grain structure of the steel. 

' Figure 10 is. a ‘pole ?gure characteristic of the 
steel oi”: Figures ll, 5and 6 after it has been re~ 
crystallized in a high temperature box anneal. 
The procedures of any of the, following pat 

ents: 2,158,065,.dated May 16, 1939, in-the names 
of Guerney H. Cole et al.; 2,287,466, dated June 
.23, '1942, in the name of Victor W. Carpenter; and 
2,367,391, dated January 5, 1943, in .the names of 
Guerney H. Cole .et at, result in. the production 
of silicon steel sheets ‘of transformer gauge in 
which the grains or crystals have an orientation 
of the [100]‘ (110) type in the standard notation 
by 'Miller’s Indices. .Thls notation indicates that 
.the [IOOldirection oithe crystals is parallel to 
the rolling direction and a (110) plane is parallel 
to the rolling plane. Considering the. crystals as 
cubes, the notation indicates a cu-be-on-edge posi 
tion of the crystals in. the plane of the sheet, 
with parallel edges extending in therolling direc 
tion as indicated in Figure 2 where the rolling 
direction is shown by an arrow and 'the rolling 
plane is the planelof the drawing. 
"This orientation and ‘the enhanced magnetic 

properties resulting from it have hitherto been 
attained in materials of the order of 7 to '25 mils 
in thickness by the use of cold rolling and an 
nealing treatments in one, two or three stages 
coordinated with each other in ‘accordance with 
the teachings of the said patents. ,The numb-er 
ofparts orstages of cold rollingv employed» was 
determined in large measureby the desired ?nal 
vthickness as compared with the available hot 
rolled starting material. 
.When very much thinner siliconsteel was de 

sired, it was evident that additional cold rolling 
treatments would be necessary, the gauge range 
of available hot rolled materials being ?xed. But 
when such additional stages of coldrolling. and 

1 intervening annealing were introduced into for 
mer practices in accordance with the understand~ 
.ing. in theiart, the expected magnetic quality 
was not attained. In the production of the 
thinner silicon steel the crystalline behavior was 
ioundto be di?erent from the behavior in .the 
.Ithicker material; and the steel was not respom 

, .sive in the same vway to the same manipulations. 

55 
In ‘other words, the application of additional roll 
ing'and annealing cycles of the prior art type (so 
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that the thickness of the silicon steel could be 
carried down to a range between 1 and 5 mils 
by a total of two, three or more parts or stages 
of cold rolling) , and the application of the known 
techniques to such a material, did not result in 
the expected high permeabilities or in the proper 
crystal orientation. 
For example, although a permeability at 10 

oersteds of as high as 1500 was sporadically ob 
tained for a material 3 mils in thickness (tested 
parallel to the rolling direction), no permeability 
higher than 1400 could be obtained in materials 2 
mils thick and thinner. In general, the perme 
abilities obtainable were of the order of 1450 at 
3 mils, 1380 at 2 mils, and 1325 at 1 mil, even 
under the most favorable annealing conditions. 
This should be compared with permeabilities of 
1650 to 1750 and higher, which are common with 
oriented materials of 13 mils in thickness made in 
accordance with the patents listed above. When 
it is recalled that permeabilities of 1400 for non_ 
oriented alloys of transformer gauge and of simi 
lar silicon content is usual, it will be seen that 
these efforts produced very little orientation of 
the type giving high permeability in the rolling 
direction. 

If the steel were carried down to very thin 
gauges in a series of cold rolling stages of the 
prior art type, the intervening open anneals, the 
desired type of orientation was not obtained or was 
obtained only very imperfectly. On the other 
hand, attempts merely to take the known highly 
oriented materials and reduce them further by 
adding further cold rolling and annealing treat 
ments of the same type resulted in a substantial 
impairment of the desired type of preferred orien 
tation even if obtained at some intermediate point. 
Moreover, the core loss values were found to be 

excessively high for all materials which resulted 
from these efforts. In attempts to reduce core 
loss in the thin material, resort was had to open 
annealing at very high temperatures of from 2000 
to 2200° F. or to a box anneal of the thin mate 
rial at 2200° F. in dry hydrogen. These were 
di?icult procedures; but in spite of them the core 
loss remained high because of the unfavorable 
crystal orientation. 
By the procedures hereinafter set forth I am 

able to produce extremely thin silicon steel ma 
terials which nevertheless possess high perme- - 
abilities and low core losses comparable to those 
hitherto attained in the heavier gauge electrical 
sheets. I have found that While a [100] (110) 
type of crystal orientation attained in a mate 
rial substantially between ‘7 and 25 mils in thick 
ness will be modi?ed and changed by subsequent 
cold rolling practiced on the sheets, the attain» 
ment of certain initial qualities in the steel as 
hereinafter set forth plus the carrying on of sub 
sequent steps under the conditions hereinafter 
outlined, will produce in the material a modi?ed 
orientation which still is excellent as respects high 
and highly directional permeability and low core 
loss. 
While the hitherto known best orientation of 

the crystals for high permeability is of the [100] 
(110) type, I have found that there is an equally 
good modi?ed orientation in which the crystals 
tend to assume two new positions, each involving 
a slight rotation about the rolling axis of about 
20° in either direction. In this new orientation 
at [100] direction of each crystal remains parallel 
to the rolling direction; but the hitherto parallel 
(110) planes tilt with respect to the rolling plane, 
and may tilt about the rolling axis in either di 
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rection, the angles of tilt of different crystals 
tending in either direction toward 20° as a mean 
position. 
Thus I have found it possible to take a material 

having a thickness of '7 to 25 mils or thicker which 
is already characterized by a high degree of [100] 
(110) orientation and reduce such a material by 
cold rolling to exceedingly thin gauges (under the 
circumstances hereinafter set forth) and achieve 
high permeability in the rolling direction, al 
though the nature of the orientation will be modi 
?ed. 
In my process, when a material initially oriented 

in the [100] (110) fashion, having a satisfactorily 
large grain size and a very high purity, as will be 
explained, is subsequently cold rolled and re 
crystallized under the conditions to be set forth, 
a plurality of small crystals form within the 
boundaries of the original crystals and assume 
an orientation which is not the same as the orig 
inal orientation but is governed thereby to the 
extent that the derivative crystals assume the 
orientation last described. 
The starting materials to which my invention 

applies are silicon steels preferably containing 
from 2.90 to 3.30% silicon, .007 % or less of car 
bon, and 06% to .12% manganese, the remainder 
being iron, with a total oxide content of 015% 
or less. 
The silicon range is not limiting but may be 

carried above or below the preferred values with 
out departing from the invention. The pre~ 
ferred range is a conventional working range 
which, in practice and for high frequency elec 
tronic pulse transformers, is limited on the low 
side by the poorer core loss resulting from low 
silicon (low resistivity), and on the high side at 
about 4.5% by the mechanical difficulties en 
countered in cold working high silicon steel at the 
present stage of the rolling art.- Again, if the 
silicon content is below 2%, an anneal at a tem 
perature sufficiently high to purify the material 
properly may cause an allotropic transformation 
destructive of the initial orientation essential to 
the process. 
The carbon content is important because of 

considerations of core loss and ductility and for 
other reasons hereinafter set forth. Increasing 
carbon contents in the ?nal material are progres 
sively inimical to desirably low core loss values, 
while at the same time carbon contents above 
007% decrease ductility in my starting material 
when box annealed in a reducing atmosphere at 
high temperatures. In rolling the starting ma 
terial to exceedingly thin gauges, brittleness 
caused by carbon may produce excessive breakage. 
The manganese content in my preferred for 

mula has been made low so as to keep magneti 
cally inert materials at a minimum in the thin 
product. Otherwise it is not limiting on this in 
vention, but is to be considered as to the process 
ing of the silicon steel to produce the [100] (110) 
orientation at power transformer gauges, as will 
be understood from a consideration of Patent 
2,307,391 referred to above. Under suitable con— 
ditions the manganese may be from 0.004 to 
0.20%. 
The total oxide content is again not limiting, 

but has been made low in the preferred formula 
to insure good core loss, and avoid brittleness. 
Fair success may be had with oxide contents as 
high as .025%. 

In the practice of my invention, I take silicon 
steel (usually hot rolled) and produce from it a 
sheet steel around 7 to 25 mils in thickness and 



characterized by a ~high‘~~ degree of ‘ the said ‘pre 
ferred orientation, by- anyvvofl the proceduresiéof 
the patents referred to above. .This‘ formsfthe 
starting material for the ‘steps hereinafter 
taught. 
There are important characteristics for‘lthis 

oriented starting materialsotherr-than the chem 
ical composition which ‘has- already» beenv ‘dis 
cussed. 

Its actual thickness will dependupen the final 
gauge and numberof parts :or stages of cold roll 
ing reduction necessary to attain that ?nal gauge. 
By the techniques hitherto known, it was diffi 
cult to produce a fully oriented material below 
about '7 mils in thickness. 
of the oriented material exceeds 25 mils, it be 
comes more difficult to secure the desired perfec 
tion of orientation, and the chemical puri?cation 
(especially carbon elimination) is not so e?icient. 
Within these limits, however, an orientedstart 
ing ‘material is produced or chosen in the light of 
the manipulations required to produce the‘de 
sired ?nished gauge. 

Thus, the oriented starting material-should-be 
2.5 to 7 times the thickness of the desired end; 
product if one stage of subsequent cold rolling is 
to be employed. My preferred range is from 3 
to 6 times the thickness of the end product. 
Where the reduction is to be accomplished in 
multiple stages or parts, the thickness of they}. 
oriented starting material will be increased with 
respect to the final gauge. For example, a two~ 
stage process may be practiced upon a material 
from 6 to 20 times the thickness of'the desired 
end product. 
rolling treatment consisting of any‘number of 
cold rolling passes practiced on the material 
without intervening annealing or recrystal 
lization. 

I have already indicated that the Orientation 
of the starting material should ‘be ~ofthe [100] 
(110) type and the perfection of the orientation 
should be as great as possible. An excellent 
measure of the degree'of perfection of'the orien~ 
tation is the magnetic permeability vof the ori-. 
ented starting material measured‘ parallel to the 
rolling direction at a'magnetizing force of 10 
oersteds. A permeability above 1700 corresponds 
to a high degree of preferred orientation‘, and I 
endeavor to obtain such a permeability 'in'my. 
starting pieces, although good end products can 
be produced from starting pieces having permea 
bilities as ‘low as 1650 in the rolling direction. 
Figure 1 is a typical stereographic pole figure 

for a satisfactory starting material, the ?gure 
being produced from examination of'the etched 
material by reflected light in accordance ‘with 
known crystallographic techniques, and the plot— 
ting of projections of the crystal cube ‘faces. 
The clumping of points at the‘ 0° and 180° marks 
indicates the coincidence of a [100] direction 
with the rolling direction; while the" position. of 
the intermediate localized groups along‘ the 
transverse axis of the ?gureindieates “the co 
incidence of a (110) plane withthe rolling plane. 
The crystal position is shown diagrammatically 
in Figure 2. 
The oriented starting- .material should have a 

large grain size; and whilethistermvisrelative, 
I have found that a grain ‘diameter :of from A015. 
to 15 mm. is a workable range-,preferring hew~ 
ever, an average grain ‘size of from 1 to 10-;mm. 

It is essential that the starting-material‘not 
only possess the desired'orientation-butbe the 
product of a high- temperature ‘box anneal> at 

When thethickness -. 4 

'aboveih2?00t- i5‘.- vin» a‘ dry. hydrogen atmosphere, 
> #si-ncei‘lii'gh purity and‘. favorably large grain is'ize 

Cl 

- are’ developed. thereby. It‘ may be stated thatithe 
practice of such an anneal at fthesgaugerof-the 

'"startinglzmaterial makesit; possible to'avoid a 
-'¥'similar:_annea1 later on in the process Where :the 
blight gauge renders such an anneal very much 
more‘ difficult. 

> Otherwise, something of a compromise maybe 
aeffz'ectedfin-ugrain size. LIn‘the con?nes of reach 
->grla1in of i'the starting material,’ the new grains ‘in 
[if-the ultimate'ithini'material tenduto have. assize 
mandtorientation‘common to the. group, as ‘ex- 

ai-ned. "iiWild” igrains tend to form primarily 
in'l areasi‘off previous grain boundaries. ‘A high 
‘degree iof :orientation coupled . with ‘the largest 
" rain-‘sizeris ‘thus seen to be'the conditionanost 

w?favorable to highpermeability. in ‘the end ‘prod 

":make‘y-it di'?icultito fattain flatness ‘when .the 'ma 

uct. " {On' ‘the other. hand, however, excessively 
large‘ grain .‘size' may, in some rolling procedures, 

terialis coldirolled ‘to iexcee'dinglytthin gauges in 
" one stage. 

q-lterialri-is both'si-mple and ?exible. 
"The‘processing of the oriented ‘starting :ma 

Thenature 
Hoff-‘the rolling instrumentalities ‘employed, is .not 
. a limitation upon myinvention. Under certain 
‘1 'rcumstances, :all ioflithe .cold rolling may be per 

rmed .on the .same mill or mills. rHowever; it 
wiillibennderstood thatisince aproduct ofaround 
“721201725 milsiinl'thicknessis towbe-rolled further, 
51the :use' of-a veryirigidmill and reduction .under 
, :tension 1 is- indicated, especially where, .asiiispre 
' 'ferred, i-Lthe- material is . carried. down- to the ‘thin 

By a stage or part, I mean a 001515.???‘ gaugesin asingleithickness. In my commercial 
‘practical employs. mill of the type set forthr-in 
"lPate'ntNo. 2,170,732, issued August 22, 1939, ‘in 
the name of. Tadeusz Sendzimir. 

:-"with tiny‘ working rolls ultimately. supported vby 

--~a-crossibetween'fthe ‘mill. end frames. 

This :is a- mill 

means ofscast‘ers against rigid beams extending 
But any 

' suitableirollingiinstrumentality may be employed 
‘which-is capable of performing the required re 
v.1ductions‘in-silicon steel having widths chosen for 

45 commercial requirements. ' 

-‘Theiamo'unt, ‘per .part or stage, of .coldrolling 
“reductionpracticed upon the oriented‘ starting 
imat‘erialCis‘ critical in nature. 
ifstantially between 60 and “90% and preferably 

": betwe'enrte'tzand 133%, for each par-tor stage, the 
higher values ibeingrmost appropriate for a single 

It should be sub 

part procedure. 
‘ FWh'ere xtheicold'rolling reduction is towbe per 

?Iformed ‘initworstages, I prefer to reduce the piece 
afnoml?oito 75% in :each part or stage. 

".~'The temperature, number of passes, and 
i’iwhethertlthecmaterial isv rolled continuously in 
mone'idirectien -.or :back. and forth in separate 
spasseacdoinot appear toin?uence the-results 

60) obtained. "Excellent results are. .obtainedlwith 
;_-':-m;ill':1operatingtemperatures of .the order of "70 

, resultiof .coldrolling ‘the oriented fstart 
'i‘i'ngl material issllOWn in Figures 4., 5 and 6. Fig 

70 

ure 4 is a pole ?gure constructed fromFX-ray 
:‘idiffraction patterns, because the cold worked 
~<c0hditi0n~0f1the grains makes it impracticable 
to apply the re?ection technique and plot a 
pole ?gure thereby. But the X-ray pattern 
shows, in the same manner, the orientation of 

"the crystalsgwhichnow is that illustrated dia 
grammatically in Figure 5. The moving toward 

- :each "other ofthe dark areas near the ‘0°, and 
"1280” positions ‘shows a tilting of a (110) ‘plane 
-'about;an axis "transverse the rolling axis ‘while 
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‘the number and placement of the remaining 
dark areas show that the tilting has occurred in 
both senses. The appearance of the grains is 
shown in Figure 6. 

After the cold rolling part or stage, the ma 
terial is given a heat treatment to effect recrys 
tallization. Either an open anneal or a box 
anneal may be used with temperatures ranging 
from about 1200‘’ to about 2200“ F. For eco 
nomic reasons, an open or strip anneal is pre 
ierred, and I have found that an anneal of 20 
seconds at 1800° F. is satisfactory. By an open 
or strip anneal, I mean the continuous passage 
of the strip material through an elongated fur 
nace where the surfaces of the strip are open to 
the atmosphere of the furnace. The furnace 
atmosphere itself, however, is controlled; and 
best magnetic results are obtained in my process 
by using an atmosphere containing hydrogen. 
Where the cold rolling is done in two or more 

stages, a heat treatment such as has been de 
scribed should follow each part or stage. 
The result of the recrystallization of a ma 

terial treated as I have described, and having 
the characteristics shown in Figures 4, 5 and 6, 
has, I have found, two aspects. Fir-st, each orig 
inal, elongated grain recrystallizes into a large 
number of smaller crystals forming a group, and 
behaving similar to each other as though con 
trolled by the original crystal from which they 
formed. Second, the orientation of the new, 

The pole 
?gure (Figure 7) indicates, by the plotted points 
near the 0° and 130° marks, that a (110) plane 
is no longer tilted about an axis transverse the 
rollnig axis, but has righted itself, as it were, 
in this direction. The other plotted point-s, 
substantially along the horizontal axis of the 
?gure indicate a new tilting of a (110) plane 
about the rolling axis. The clumping of these 
points indicates that this tilting has occurred in 
both senses, and measurement shows that the 
tilting tends toward a. mean of 20°. The [100] 
directions now again coincide with the rolling 
direction. 

I have found that this orientation is one mak 
ing for a high permeability in the straight grain 
direction. It is illustrated diagrammatically in 
Figure 8, while the appearance of the crystals 
in the steel, after etching, is shown in Figure 9. 
The perfection of the preferred orientation is 
very high. 
In exemplary practices in accordance with my 

invention, I ?rst produce, in any of the known 
ways, a starting material of about 7 to 25 mils 
in thickness characterized by low carbon, a rela 
tively large grain size, and a high degree of pre 
fen‘ed orientation of the [100] (110) type, the 
characteristics of which have been set forth at 
length above. As has already been indicated, a 
?nal box anneal above 2000° F. in dry hydrogen 
is of great importance, as improving the orienta 
tion and permeability, purifying the metal so 
as to lower core loss, and producing the desired 
grain size. I 

Using the strip steel so produced as a starting 
material, I now treat it as indicated in the fol 
lowing examples: 

EXAMPLE A 

A single-stage treatment for silicon steel 5 mils 
thick 

An oriented 3% silicon steel 13 mils thick, as a 
starting material, having a permeability, meas 
ured parallel to the rolling direction, of 1740 at a 
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8 
magnetizing force (H) of 10 oersteds, and with 
grains 1 mm. in average diameter, was cold rolled 
in one or more passes to a thickness of 4.0 to 5.0 
mils. It was open annealed for 20 seconds at a 
temperature of 1850° F. The properties of this 
material, measured parallel to the rolling direc 
tion and obtained after a strain anneal at 1450" 
F. and measured in accordance with Am. Soc. for 
Testing Materials test procedure A-34 were: 

Permeability for H=10 ________________ __ 1690 

Core loss at 10 kilogausses and 60 cycles 
per second _______________ __watts/lb__ .26 

EXAMPLE B 

A single-stage process for silicon steel 2 mils 
thick: 

An oriented 3% silicon steel 12 mils thick pro 
duced as outlined above, having a permeability 
at H=10 of 1740 and with grains 1-4 mm. in av 
erage diameter was cold rolled in several passes 
to a thickness of 2.0 mils and was then open an 
nealed for 20 seconds at 1800“ F. in a dry hydro 
gen atmosphere. The properties of this mate 
rial, tested parallel to the rolling direction after 
strain annealing at 1450° F. were: 

Perm. H=10 __________________________ _~ 1710 

P 10/60 _____________________ __watts/lb__ .36 

EXAMPLE C 

A two-stage process for making silicon steel 1 
mil thick 

The same starting material as in Example A 
was cold rolled in one or more passes to a thick 
ness of 3.5 mils and was then open annealed for 
20 seconds at 1950° F. in a dry hydrogen atmos 
phere. The material so produced possessed a re1~ 
atively high degree of orientation and a mod 
erately large grain size. It exhibited a straight 
grain permeability at H=10 of 1660; and the 
grain diameter was approximately .06 mm. 

It was then cold rolled in one or more passes 
to a thickness of 1.0 mil and was then open an 
nealed for 20 seconds at 1800° F. It exhibited 
properties parallel to the rolling direction, ob 
tained after a strain anneal at 1450° F., as fol 
lows: 

Perm. H=10 _________________________ .._ 1600 

1310/60 _____________________ __watts/lb__ .53 

EXAMPLE D 

A single-stage treatment for exceptionally high 
quality silicon steel 1.? mils thick 

An oriented 3% silicon steel 7.5 mils thick, pro 
duced as outlined above, having a permeability 
at H=10 of 1770 and with grains 5-10 mm, in 
average diameter was cold rolled in several passes 
to a thickness of 1.7 mils and was then box an 
nealed for 30 hours at 2000° F. in a dry hydrogen 
atmosphere. The properties of this material, 
tested parallel to the rolling direction were: 

Perm. I-I=10 __________________________ __ 1815 

P 10/60 ____________________ __watts/lb__ .28 

Figure 10 is a pole ?gure for the material of 
Example D, and it will be noted that the plotted 
points on the horizontal axis have become more 
perfectly grouped at positions indicating a tilting 
of a (110) plane of about 20° in both directions 

‘ or senses transverse to the rolling direction. 
In these examples the straight grain proper 

ties were measured after a strain anneal because 
a strain anneal is incident to the making of suit 
able ?nished transformer cores, so that the per 
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meability after such a treatment is the important 
permeability. 

These examples are not limiting, ‘but are gen 
erally characteristic of my commercial practice. 
Variations in the procedure may be made as will 
be understood. 

_ The principal importance of this invention lies 
in the fact that it has enabled me to produce 
high permeability, highly directional silicon steel 
of exceedingly thin gauge, whereas this has not 
been possible in the past. 
One of the great advantages of my method lies 

in the simplicity and ease of control of the proces 
sing following the production of the oriented 
starting material. The highly oriented, large 
grain, low impurity material at around 7 to 25 
mils in thickness can readily be tested for its 
suitability for rolling to light gauges. Within 
reasonable limits, the magnetic quality of the 
?nal product at from .5 to 5 mils in thickness is 
‘predetermined by the properties of the oriented 
starting material. Processing variables leading 
to the formation of the oriented starting mate 

, rial do not control the nature of the subsequent 
processing steps, and affect the nature of the 
?nal thin gauge product only insofar as they in 
?uence the readily evaluated properties of the 
starting material. 

It should be noted that very large cold rolling 
reductions are practiced upon the oriented 
starting material without harming the magnetic 
properties of the ?nal product. For example, 
properly oriented silicon steel of 13 mils thick 
ness may be directly rolled to a product 2 mils 
thick without intermediate annealing, and this 
is a reduction of 85%. Yet, the permeability of 
the ?nal product will be high if the starting ma 
terial had the proper characteristics. This is 
contrary to past experience, wherein lower per 
centages of reduction were employed on rela 
tively unoriented materials and wherein high 
permeabilities were not obtainable at all in thin 
materials, but wherein the obtainable permea 
bilities were found to become less as the percen 
tage reduction per part or stage was increased. 

It may also be noted that the large grained 
oriented material which I produce as a starting 
material is more easily reduced by cold rolling 
than are conventional, ?ne grained materials not 
so oriented. 
That excellent magnetic characteristics of the 

?nal product, both with respect to permeability 
and hysteresis loss, can be obtained with a com 
paratively inexpensive open anneal at relatively 
low temperature as the ?nal heat treatment or 
treatments, is another outstanding advantage of 
the process. It is true that superior results are 
obtainable with a ?nal, high temperature box an 
neal, as will be evident from Example D. The 
exceedingly thin material must be supported 
during annealing or it may lose its ?atness. It 
also must be separated to prevent sticking. 
Hence, the handling problem becomes a delicate 
one, involving added expense. Where the high 
est possible permeabilities are requisite, the 
added expense will be found justi?ed; and doubt 
less handling techniques will be improved. But 
by my process very high permeabilities and low 
core losses can be obtained with inexpensive open 
anneals at low temperatures, whereas hitherto 
high permeabilities in exceedingly thin materials 
could not be obtained, irrespective of cost. 
Modi?cations may be made in my process with 

out departing from the spirit of my invention. 
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Having thus described my process in certain ex 
emplary embodiments, what I' claim as new and 
desire to secure by Letters Patent is: 

1. A process of producing very thin silicon 
steel of substantially .5 to '7 mils in thickness, 
having low hysteresis loss and a high permeabil 
ity in the rolling direction which comprises pro 
ducing from silicon steel containing substantially 
2% to 4.5% silicon a starting material with a 
thickness substantially between 7 and 25 mils, 
low in carbon, and having a [100] (110) type of 
crystal orientation, and thereafter reducing said 
silicon steel starting material by cold rolling it 
in at least one stage with a cold rolling reduc 
tion of substantially between 60 and 90%, fol 
lowing each such stage of the said cold rolling 
with a recrystallizing heat treatment at a tem 
perature substantially between 1200 and 2200° F, 

2. The process claimed in claim 1 wherein the 
starting material is a silicon steel containing 
substantially from 2.90 to 3.30 silicon and has a 
carbon content not greater than substantially 
007% together with an average grain diameter 
of from substantially .05 to 15 mm. 

3. The process claimed in claim 1 wherein the 
' starting material is a silicon steel containing sub 
stantially 2.90 to 3.30% silicon, not more than 
substantially .00’7% carbon, substantially .06 to 
.12% manganese, the remainder being iron, with 
a total oxide content of not more than substan 
tially .025%, the said starting material having a 
straight grain permeability at 10 oersteds not 
less than substantially 1650, and having an aver 
age grain diameter of substantially .05 to 15 mm. 

4. A process of producing thin silicon steel 
substantially .5 to 5 mils in thickness with high 
straight grain permeability and low hysteresis 
loss which comprises forming from hot rolled 
silicon steel containing substantially 2.90 to 3.30% 
silicon, by correlated cold rolling and annealing, 
a starting material of substantially '7 to 25 mils 
in thickness, having reduced the carbon content 
of said silicon steel to a value not greater than 
substantially .01%, the said starting material 
being subjected to a box anneal at above 2000’ F. 
in dry hydrogen, said starting material having 
an average grain diameter of substantially .05 to 
15 mm. and a high degree of preferred orienta 
tion of the [100] (110) type, and subsequently 
reducing said starting material by cold rolling it 
in at least one stage of from 60 to 90% reduction 
to a gauge of substantially .5 to '7 mils, and fol 
lowing each such stage with a recrystallizing 
heat treatment in a non-oxidizing atmosphere at 
a temperature substantially between 1200’ F. and 
2200“ F. 

5. The process of claim 4 wherein the said 
recrystallizing heat treatment is an open anneal. 

6. The process of claim 4 wherein the said re 
crystallizing heat treatment is a high tempera 
ture box anneal in hydrogen. 

MARTIN F. LITTMANN. 
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