
June 14, 1949. M. F. LTTMANN 2,473,156 
PROCESS FOR DEVELOPING HIGH MAGNETIC PERMEABILITY 

AND LOW CORE LOSS IN VERY THIN SILICON STEEL 
Filed Nov., 16, 1944 2. Sheets-Sheet 

s 's 
N 

S 
Q) S 

S s 
R N INVENTOR. 

Q MARTIN F. LITTMANN 
A762 

ATTORNEYS. A 7G 3 

  



June 14, 1949. M. F. LITTMANN 2,473,156 
PROCESS FOR DEVELOPING HIGH MAGNETIC PERMEABILITY 

AND LOW CORE LOSS IN VERY THIN SILICON STEEL 
Filed Nov. 16, 1944 2. Sheets-Sheet 2 

INVENTOR. 
ARTIN F. LTT ANN 

BY. y 

ATTORNEYS 

  



Patented June 14, 1949 2,473,156 

UNITED STATES PATENT of FICE 
2,473,156 

- PROCESS FOR, DEVELOPING RIGH.IVAG 
.NETIC PERMEABLETY AND LOW CORE 
LOSS IN WERY HEN SELICON STEEL 
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6 Clairas. 

: Notable progress-over the past years has been 
made in the technology...and production of iron 
silicon alloys (.5 to 5%, silicon) toward attaining 
high permeability and low hysteresis loss at high 
flux densities. The product. has been one char 
acterized by a highly. directional permeability, 
i. e. Very high permeability-in the rolling direc 
tion; and the availability of such a product has 
brought about radical changes in the design of 
transformers and other electrical apparatus. 
The great-majority of electromagnetic appli 

cations for such as product (for example, power 
transformers and the like) has required silicon 
steel sheets of a thickness lying between 10, and 
14 mils. NeWer, developments, to , which great 
impetus has been given by War. needs, especially 
in electronic, high frequency and other specialized 
applications, have required the production of 
favorably oriented silicon steel in thicknesses as 
low as 1 mil. But efforts- to obtain comparable 
permeabilities and core losses in such thin ma 
terials have hitherto been unsuccessful. 
The principal. object of this invention is the 

provision of a Commercial process for the produc 
tion of exceedingly thin silicon steel of the order 
of .5 to 7 mils in thickness, which possesses very 
low core loss and very high permeability in the 
straight grain direction, i. e. with the magnetic 
flux parallel to the direction of rolling. 

. The ancillary objects of this invention, which 
will be set forth hereinafter, or will be apparent 
to One skilled in the art upon reading these speci 
fications, I accomplish in that procedure of which 
I shall describe certain exemplary embodiments. 
Reference will hereinafter be made to the draw 
ings. Wherein: 

Figure 1 is a pole figure, determined by optical 
methods for a highly oriented silicon steel of in 
termediate gauge, as respects my product. 

Figure 2 is a diagrammatic representation of 
the crystal orientation in such a steel. 

Figure 3 shows the grain condition in a steel 
Suitable for the purpose of my invention, being a 
photograph at a magnification of approximately 
tWO diameters. 

Figure 4 is a pole figure determined by an X-ray 
diffraction pattern of the same steel after being 
Cold rolled With a reduction of 83%. 

Figure 5 is, a diagrammatic representation of 
the crystal orientation in such a steel. 

... Figure 6 shows the elongation of the grains 
therein prior to recrystallization, being a photo 
graph: at a magnification of approximately two 
diameters, 
Figure 7 is a pole figure characteristic of the 

(CI. A.8-2.5) 

5 

0. 

15 

O 

30 

35 

45 

last mentioned steel, after recrystallization in an 
open anneal. 

Figure 8 is a diagrammatic representation of 
the orientation of the crystals therein, being a 
photograph at a magnification of approximately 
Wo diameterS. 
Figure 9 shows the grain structure of the steel. 
Figure 10 is a pole figure characteristic of the 

steel of Figures 4, 5 and 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 nannes 
of Guerney H. Cole et al.; 2,287,466, dated June 
23, 1942, in the name of Victor W. Carpenter; and 
2,307,391, dated January 5, 1943, in the names of 
Guerney H. Cole et al., result in the production 
of Silicon steel sheets of transformer gauge in 
which the grains or crystals have an Orientation 
of the 100I (110) type in the standard notation 
by Miller's Indices. This notation indicates that 
the 100, direction of the crystals is parallel to 
the rolling direction and a (10) plane is parallel 
to the rolling plane. Considering the crystals as 
cubes, the notation indicates a cube-on-edge posi 
tion of the crystals in the plane of the sheet, 
with parallel edges extending in the colling direc 
tion as indicated in Figure 2 where the rolling 
direction is shown by an arrow and the rolling 
plane is the plane of the drawing. 
This Orientation and the enhanced Inagnetic 

properties resulting from it have hitherto been 
attained in materials of the Order of 7 to 25 nails 
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 number 
of parts or stages of cold rolling employed WaS 
determined in large measure by the desired final 
thickness as compared. With the available hot 
rolled starting material. 
When very much thinner silicon, steel was de 

sired, it was evident that additional cold rolling 
treatments Would be necessary, the gauge range 
of available hot rolled materials being fixed. But 
when such additional stages of cold rolling and 
intervening annealing Were introduced into for 
mer practices in accordance With the understand 
ing in the art, the expected magnetic quality 
was not attained. In the production of the 
thinner silicon steel the crystalline behavior WaS 
found to be different from the behavior in the 
thicker material; and the steel was not respon 
sive in the same way to the sane 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 dcWn to a range between 1 and 5 mills 
by a total of two, three or more parts or stages 
of cold rolling), and the application of the knoWI. 
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 400 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 mill, 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 mills 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 Wery 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 
iments 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 
difficult 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 (10) 
type of Crystal orientation attained in a mate 
rial Substantially between 7 and 25 mils in thick 
ness will be modified 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 modified 
Orientation which still is excellent as respects high 
and highly directional permeability and low core 
QSS. 
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 modified 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 
a 100 direction of each crystal remains parallel 
to the rolling direction; but the hitherto parallel 
(118) planes tilt with respect to the rolling plane, 

0 

20 

30 

40 

is. 

5 

65 

4. 
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 
fied. 

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, 0.07% or less of car 
bon, and .06% to .12% manganese, the remainder 
being iron, With a total Oxide content of .05% 
O' 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 final material are progres 
Sively inimical to desirably low core loss values, 
While at the same time carbon contents above 
.0.07% 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 

Inula, 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 
2,30,391 referred to above. Under suitable co 
ditions the manganese may be from 0.004 to 
0.20%. 

ihe total oxide content is again not limiting, 
hit 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 
and may tilt about the rolling axis in either di- 75 sheet steel around 7 to 25 mils in thickness and 
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characterized by a high degree of the said pre 
ferred orientation, by any of the procedures...}of 
the patents referred to above. This forms the 
starting material for the steps: hereinafter 
taught. 
There are important characteristics for this 

oriented Starting material, other-than the chen 
ical composition - which has already. been dis 
CuSSed. 

Its actual thickness will depend upon the final 
gauge and number of parts or stages of cold roll 
ing reduction necessary to attain that final gauge. 
By the techniques hitherto known, it was diffi 
cult to produce a fully oriented material below 
about 7 mills in thickness. 
of the oriented material exceeds 25 mis, it be 
cornes inore difficult to secure the desired perfec 
tion of orientation, and the chemical purification 
(especially carbon elimination) is not so efficient. 
Within these limits, however, an oriented start 
ing 1.haterial is produced or chosen in the light of 
the manipulations required to produce the de 
sired finished gauge. 

Thus, the oriented starting nateria-should be 
2.5 to 7 times the thickness of the desired end 
product if one stage of Subsequent cold rolling is 
to be enplyed. 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 the: 
Oriented starting material will be increased with 
respect to the final gauge. For example, a two 
stage process may be practiced upon a naterial 
from 6 to 20 tinnes 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 
Iization. 

have already indicated that the orientation : 
of the starting material should be of the 100 
(10) type and the perfection of the orientation 
Should be as great as possible. An excellent 
neaSure of the degree of perfection of the orien 
tation is the magnetic permeability of the ori. 
ented starting material measured parallel to the 
roling direction at a magnetizing force of 10 
Oersteds. A permeability above 1700 corresponds 
to a high degree of preferred orientation, and I 
eildeavor to obtain such a permeability in my . 
Starting pieces, although good end products can 
be produced fron starting pieces having perinea 
bilities as oW as 1650 in the rolling direction. 

Figure i is a typical stereographic pole figure 
for a satisfactory starting material, the figure 
being produced from examination of the etched 
laterial by reflected light in accordance with 
knowl Crystallographic techniques, and the plot 
ting of projections of the crystal cube faces. 
The clumping of points at the 0 and 80 marks 
indicates the coincidence of a 100 direction 
with the rolling direction, while the position of 
the intermediate localized gi'oups along the 
transverse axis of the figure indicates the co 
incidence of a (110) plane. With the colling piane, 
The crystal position is shown diagrammatically 
in Figure 2. 
The Orierted Starting. rateria. Should have a 

large grain size; and While.this term is relative, 
I have found that a grain diameter of from:015. 
to 15 mm. is a workable range, preferring how 
ever, an average grain size of from 1 to 10 mm. 

It is essertial that the starting material not 
only possess the desired orientation, but be the 
product of a high tenperature box annealy at 

O 

When the thickness i 

By a stage or part, I mean a cold.:; 

S 
gabove 2000.F. in a dry. hydrogen atmosphere, 
since high purity. and favorably large grain size 
are developed thereby....It may be stated that the 
practice of Such an anaeal at the gauge of the 

- Starting material makes it possible to avoid a 
similar anneal later. On in the process where the 
light gauga renders such an anneal very much 

; : nore difficit. 
. Otherwise, something of a coin promise may be 
effected in grain size. .in the confines of each 

i grain of the starting material, the new grains in 
; :the ultilinate thin material tend to have. a. size 
3. and Orientation connon to the group, as ex 

aligned. "Wild' grains tend to form primarily 
in areas of previous grain boundaries. A high 
degree of . Orientation coupled with the largest 
gain size...is thus seen to be the condition most 

: favorable to high, perimeability in the end prod 
luct. On the other hand, however, excessively 
large grain Size nay, in Sone rolling procedures, 

i Inake it difficult to attain fatness when thema 
terial is cold rolled to exceedingly thin gauges in 
one stage. 
The processing of the oriented starting ma 

siterial is both simple and flexible. The nature 
of the rolling instrumentalities employed is not 

5... a linitiation upon my invention. Under certain 
circumstances, all of the cold rolling may be per 
rmed on the same mill or mills. However, it 

y's will be understood that since a product of around 
7 to 25 mils: in thickness is to be rolled further, 
the use of a very rigid mill and reduction under 
tension is indicated, especially where, assis pre 

?ferred, the naterial is carried down to the thin 
gatges in a single thickness. In my commercial 
practice, I employ a nil of the type set forthin 
Patent. No. 2,170,732, issued August 22, 1939, in 

...the name of Tadeusz Sendzini. This is a mill 
* With tiny working rolls ultimately supported by 
irleans of casters against rigid beams extending 

i.across between the mill end frames. But any 
3. suitable rolling instrumentality may be employed 
which is capable of performing the required re 

: ductions in Silicon steel having widths chosen for 
commercial requirements. 
...The amount, per part or stage, of cold rolling 
eduction, practiced upon the oriented starting 

- materialis critical in nature. It should be sub 
Stantially between 60 and 90%, and preferably 
between 67 and 83%, for each part or stage, the 
higher Values being most appropriate for a single 
part procedure. 
Where the cold rolling reduction is to be per 

is formed in two-stages, I prefer to reduce the piece 
:from 60 to 75% in each part or stage. 
3"The temperature, number of passes, and 

* Whether the material is rolled continuously in 
: one'. direction or back. and forth in separate 
: , paSSes, do not appear to influence the results 

60 obtained. Excellent results are. obtained with 
; ::mill. Operating temperatures of the order of 70 
to 80°.F. 

the result of cold rolling the oriented start 
iiirag Elaterial is shown in Figures 4, 5 and 6. Fig 

65 ure 4 is a pole figure constructed from X-ray 
: diffraction patterns, because the colds worked 
condition of the grains makes it impracticable 
to apply the reflection technique and plot a 
pole figure thereby. But the X-ray pattern 
shows, in the Sane Inanner, the orientation of 
the Crystals, which now is that illustrated dia 
grammatically in Figure 5. The moving toward 

: each other of the dark areas near the 0°, and 
i80 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 Ina 
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 200 to about 2200 F. For eco 
nomic reasons, an open or Strip anneal is pre 
ferred, 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 materia 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. First, 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, 
Smaller crystals has altered again. The pole 
figure (Figure 7) indicates, by the plotted points 
near the 0 and 180° marks, that a (110) plane 
is no longer tilted about an axis transverse the 
rollinig axis, but has righted itself, as it were, 
in this direction, The other plotted points, 
substantially along the horizontal axis of the 
figure 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 first produce, in any of the known 
ways, a starting material of about 7 to 25 mills 
in thickneSS characterized by OW carbon, a rela 
tively large grain size, and a high degree of pre 
ferred orientation of the 100 (110) type, the 
characteristics of which have been set forth at 
length above. AS has already been indicated, a 
final 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 IOSS, and producing the desired 
grain size. 

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

EXANIPLE A. 

A Single-stage treatment for silicon Steel 5 mills 
tick 

An oriented 3% silicon Steel 13 mills 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 Ha-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 mills 
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 aW 
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: 
Ferm. H=10 ---------------------------- 1710 
F 10/60 -----------------------Watts/lb-- .36 

EXAMPLE C 

A tuxO-Stage process for making Silicon Steel 1 
it thicic 

The same starting material as in Example A 
was Cold rolled in One or more passes to a thick 
iness of 3.5 mils and was then open annealed for 
20 seconds at 1950 F. in a dry hydrogen atmos 
phere. The materialso produced possessed a rel 
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° E. It exhibited 
properties parallel to the rolling direction, ob 
tained after a strain anneal at 1450° F., as foll 
OWS: 

Fern. H-10 --------------------------- 600 
F 10/60 -----------------------Watts/lb-- .53 

EXAMPLE D 

A Single-Stage treatment for eacceptionally high 
quality Silicon Steel 1.7 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 ar 
nealed for 30 hours at 2000 F. in a dry hydrogen 
atmosphere. The properties of this material, 
tested parallel to the rolling direction were: 
Fern. H-10---------------------------- 185 
F 10/60 ----------------------Watts/b-- .28 

Figure 10 is a pole figure 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 finished 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. 
Wariations 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 
final 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 
final thin gauge product only insofar as they in 
fluence 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 final 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 final 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, fine grained materials not 
SO Oriented, 
That excellent magnetic characteristics of the 

final 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 final heat treatment or 
treatments, is another outstanding advantage of 
the process. It is true that Superior results are 
obtainable with a final, 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 flatness. 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 justified; 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. 

Modifications 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%, foll 
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% 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 mills 
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 foll 
lowing each such stage with a recrystallizing 
heat treatment in a non-oxidizing atmosphere at 
a temperature substantially between 1200 F. and 
2200° E. 

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. 
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