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This invention relates to silicon steel. More
particularly it relates to a method of heat treat-
ing cold rolled siiicon stee]l strip to enhance ifs
magnetic qualtities.

In the production of magnetic cold roiled silicon
steel strip a usual practice comprises cold rolling
the material in one or more stages from a thick-
ness of about 0.10" to about 0.014" with inter-
vening heat treatment followed by a decarburiz-
ing heat treatment and a final single stage tex-
ture developing and mechanical strain relieving
heat treatment at g temperature in exces of 1196°
C. The final structure consists of well-oriented,
i.e. (110) L0011, crystals mixed with more or less
poorly oriented crystals.
the various processings and heat treatment is to
attain the maximum preferred (118) [001]1 mag-
netic crystal orientation in the steel, thus en-
- hancing its application and use in electro-mag-
netic products.

An object of the present invention is to pro-
vide a method for further improving the mag-
netic characteristics of cold rolled silicon steel
strip.

More specifically an object of the invention is to
provide a two-stage final texture developing an-
neal which wiil improve the magnetic orientation
of the crystals in cold rolled silicon steel.

Other cbjects will become apparent and the

invention will be better understood from the fol- :

lowing description, and the features of novelty
which characterize the invention will be pointed
out in the claims annexed to and forming a part
of this specification.

It has been found that a material of superior
magnetic qualities can be obtained by subject-
ing the silicon strip as it comes from the final
cold rolling stage and after decarburization to a
two part heat treatment which comprises holding
it for a time at a temperature which encourages
and permits the nucleation or first appearance of
well oriented crystals and their growth at the
expense of the suitably prepared matrix and
then holding at a temperature which will per-

mit the completion of growth of any well oriented -

crystals which have not already attained maxi-
mum gize to develop the maximum metal texture.

More specifically it has been found that hold-
ing a cold rolled silicon steel sirip containing
ahout 1.5% to 4% silicon with low impurities after
it comes from the final rolling and decarburiza-
tion stages at a temperature of about 850° C. to
900° C. preferably in a reducing or non-oxidizing
atmosphere for a period of time sufficient to per-
mit the nucleation or first appearance and pre-
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liminary growth of crystals of preferred magnetic
orientation, and then holding it at a tempera-
ture ranging from 900° C. to about 1200° C. pref-
erably in reducing atmosphere to permit the
maximum growth of such preferably oriented
crystals which have not completed their growth
and to develop.the metal texture by bringing
about the absorption of any remaining crystal-
lites results in g material having enhanced mag-
netic characteristics and freedom from mechan-~
jcal strain. The lower temperatures for the final
treatment normally take a longer time to ac-
complish the result than the higher temperatures.

In accordance with prior practice the silicon
steel strip is usually reduced to final thickness
in ohe or more stages separated by heat treat-
ment normally at a temperature under 1000° C.,
followed by a decarburization treatment and a
final one stage anneal or heat treatment at a
temperature of about 1175° C. to produce an im-
proved crystal orientation. In the present in-
vention there is employed a two-stage heat treat-
ment or anneal after the final cold rolling and
decarburization stages by means of which bet-
ter magnetic qualities are achieved than in the
prior one-stage final anneal.

It has been found that the optimuin tempera-
ture range for the nucleation or appearance and
growth of crystals in most magnetic cold rolled
silicon steels with from about 1.5 to 4% silicon
and low impurities falls between about 850° C.
to 900° C. with the optimum mean temperature
at about 875° C. The 875° C. temperature is
somewhat above the temperature of nucleation or
first appearance of well oriented, i. e. (110) [0011,
crystals which usually occurs at about 850° C.,
but the rate of growth at such a low temperature
is too slow from the practical viewpoint. At 875°
C. the growth of well oriented crystals is rapid
enough to give complete crystal growth in from
about 4 to 24 hours depending upon the specific
steel composition. It has also been noted that
at 875° C. the nucleation and growth of well
oriented crystals is still definitely favored as
against the formation and growth of poorly ori-
ented crystals, a condition which still exists
in a comparative sense at 900° C. However, at
about 925° C. the poorly oriented crystals’ growth
has increased to the point where the percentage
of crystals with preferred orientation and mag-
netic quality has proportionately decreased. The
purpose of the present invention is to obtain a
growth of the maximum number of favorably
oriented crystals without encouraging the
growth of such numbers of poor magnetic crystals
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as will detract appreciably from the overall mag-
netic improvement. ‘This result can be obtained
by a heat treatment hetween 850° C. and 900° C.
for the above material with the optimum tem-
perature at about 875° C. The material should
be maintained at the 850° C. to 980° C. tempera-
ture until the great majority or at least 756% of
the fine-grained matrix has been absorbed by
(110> [0013 crystals which condition will usually
occur within about 4 to 24 hours depending upon
the particular steel being treated.

After a preponderant number of well oriented
crystals have been produced-in the strip, it is
subjected to higher temperatures to complete
the maximum growth of any crystals which have
not already attained maximum size, to absorb
any remaining small crystallites te make the
large well oriented crystals more perfect, and to
relieve strain. The temperature may be-varied
rather widely from about 860° C. to-about 1175° C.
depending upon such factors as the length of
time economically available and desirable for
treatment, the temperature attainable with fur-
naces on hand, the problem of laminations stick-
ing together, and other considerations. Heat
treatment at temperature slightly below 1680° C.,
realizable at low cost in many furnaces, will oh-
viate the sticking together of stacked lamina-
tions without special treatment and will assure
any desired completion of crystal growth, per-
fection of the texture of the strip or absorption
of any remaining crystallites and the relief of
most mechanical strains in from akout one to
eight hours depending upon the constituents in
the steel. However, the best temperature for the
second step of the heat treatment, one which will
afford any necessary further crystal growth, per-
fection of the well oriented crystals as well as
complete relief of mechanical strain in a very
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are hydrogen, nitrogen, helium and various par-
tially combusted or cracked gases.

The final texture perfecting stage for prefer-
ably oriented crystdals and the relief of me-
chanical strain is carried out at temperatures
ranging from 900° C. to about 1200° C. depend-
ing upon the factors mentioned heretofore. Any
necessary completion of crystal growth will like-
wise occur in this stage. For the above material
holding at a temperature of 980° C. for eight
hours will afford maximum crystal growth and
absorption of small crystallites and relieve most
strains. On the other hand, holding at 1175° C.
for about one hour will give maximum crystal
size if growth has not already been completed
in the first stage, perfect the texture and re-
lieve all mechanical strain.

The two stage heat freatment according to
the. present invention may be carried on con-
tinuously in one cycle or the material may be
cooled in the usual manner afier the first part
and the final part resumed at any convenient
time.

Employing the present two-part final anneal
for a cold rolled silicon steel strip of the com-
position described above, as compared with the
prior practice, there have been obtained the re-
sults set forth in the magnetization data below.
The first set of figures is for steel with a final
single anneal at 1175° C. for several hours, fol-
lowed by data for a two part anneal first at
875° C. for about 8 hours followed by heating at
980° C. for about eight hours which is not com-

letely effective in eliminating all mechanical
strain. The last set of results is for steel of the
same composition which has been held at 875° C.
for about 8 hours followed by treatment at
1175° C. for about one hour.

short period or up to about one hour is a tem- 49 HatB=
perature of about 1175° C.
In actual practlce it is preferled to start VVlt::h 1066 9500 5000 16000 | 15000 170350
a high quality open hearth silicon steel strip
0.10 inch thick containing from 1.59%-49% silicon. Prior Method
The manganese-sulfur ratio is preferably he- ¢35 (Several brs.
: . oy at 1175° Gy i .035 | .068 | .094 | .170 .96 6.6
tween 2:1 and 4:1 with manganese not over Present . Moth.
0.06% and sulfur not over 0.025%. The material od 875° C.+
. - ; S, 930° G..._.. - 051 074 | 088 | -.173 1 5.0
is cold rolled from 9.10 inch to about 0.014 inch 875° C + 1175°
in two stages the last cold reduction being of Comeemececeef 2025|047 | 064 | . L1203 40 4.7
the order of 50 % with a 925° C. continuous anneal 5§
[Bpeak=15,500]
Residual | Coerci Hostorest Watts/Lb.
es1d11a, oercive ySieresis
Anneal | Hpeat Br He Ergs/co/cye.
12560 B | 15000 B | 15500 B
°C.
Prior Method......__. 1175° C. 1.42 12950 .093 550 . 449 .671 .733
Presert Method______ 8754930 1.15 13560 . 100 640 . 468 . 686 .749
0w e 8751175 | 0.70 14500 . 065 | 250 . 420 .616 . 608
interposed hetween the two stages.  Carbon From the above it will be seen the magnetic

which in the ladle stage should be less than §.039%
is reduced to 0.605% or under by a continuous
heat treatment at about §00° C.

The final rolled and decarburized product is
heat treated preferably in a reducing (or non-
oxidizing) atmosphere at a temperature of from
853° C. to 900° C. with g preferable mean tein-
perature cf §75° C. for from about 4 hours to 24
hours, or until at least about 75% of the fine-

rained matriz has been abzoriad by vreil-
oriented crystals. In the case of the preferred
steel this will cccur in about 8 hours. Gases
which will afford a reducing or non-oxidizing at-
mosphere suitable for this stage of the treatment
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qualities of cold rolled silicon steel strip are de-
veloped by a two stage final anneal at tempera-
tures of 875° C. and 980° C. to essentially the same
degree and more cheaply than with a single
1175° C. anneal. - On the other hand heat treat-
ment after the final cold rolling stage for ahout §
hours at 875° C. followed by a one hour treatment
at 1175° C. gives definitely better results as con-
cerns values of ¥ for varying B where B=pH;
lower hysteresis loss and a substantial reduction
in watt losses per pound:

What we claim as new and desire 5 secure by
Letters Patent of the United States is:

1. The method of heat treating cold rolied sili-
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£on steel strip containing 1.5 to 4% silicon which
has been decarburized at about 800° C. which
method comprises holding the strip in a temper-
ature range of from 850° to 900° C. which en-
courages the nucleation or first appearance and
growth of (110) [001] crystals until at least 75%
of the fine grained matrix has been absorbed by
the growth of such crystals followed by heat
treatment at a higher temperature of from 900°
to 1200° C. which will permit further growth of
the (110) {0011 crystals and perfection of the
texture of said cold rolled strip and relieve me-
chanical strain.

2. The method of heat treating cold rolled
silicon steel strip containing 1.5 tc 4% silicon
which comprises decarburizing said cold rolled
strip at about 800° C. holding the strip at a tem-
perature of from 850° C. to 900° C. in a non-ox
idizing atmosphere for from about four to about
twenty-four hours and thereafter subjecting the
strip to a heat treatment at a higher tempera-
ture between 900° C. and about 1000° C. ina re-
ducing atmosphere for from about one to eight
hours.

3. The method of heat treating cold rolled
silicon steel strip containing 1.5 to 4% silicon
material which comprises decarburizing said
steel at about 800° C. and thersafter holding the
material at a temperature of about 8756° C. for
about four to twenty-four hours in a non-ox-
idizing atmosphere followed by heat treatment
at a temperature of about 980° C. in a reducing
atmosphere for about one to eight hours.

4, The method of heat treating cold rolled
silicon steel strip containing 1.5 to 4% silicon
which comprises decarburizing the strip at
800° C. and thereafter subjecting the strip to
a temperature of from 850° C. to 900° C. in a
non-oxidizing atmosphere for from four to about
twenty-four hours followed by t{reatment in a
reducing atmosphere at a higher temperature
of from 900° C. to 1000° C. for from about one
to eight hours.

5. The method of heat treating cold rolled
silicon steel strip containing from about 1.5-49%
silicon which has been cold reduced from about
0.10 inch to about 0.014 inch in two stages sep-
arated by a continuous anneal at about 925° C.
the final cold reduction being of. the order of
50%; which comprises decarburizing said strip
at 800° C. and thereafter holding the final rolled
and decarburized material at a temperature of
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6 .
from about 850° C. to about 900° C. in a non-
oxidizing atmosphere for from about four to
about twenty-four hours followed by a heat
treatment in a reducing atmosphere at a higher
temperature of from about 900° C. to 1200° C,
for from about one to eight hours.

6. The method of heat treating cold rolled sili-
con steel strip containing from about 1.5%-4%
silicon which has been cold reduced from about
0.10 inch to about 0.014 inch in two stages sepa-
rated by a continuous anneal at about 925° C.
the final cold reduction bheing of the order of
509%: which comprises decarburizing the cold
rolled strip material at 800° C. and thereafter
holding the final rolled and decarbonized mate-
rial at a temperature of from about 850° C. to
about 900° C. in a non-oxidizing atmosphere for
from about 4 to about 24 hours followed by a
heat treatment in g reducing atmosphere at a
higher temperature of from about 900° C. to
about 1000° C. for from about one hour to about
8 hours.

7. The method of heat treating cold rolled sili-
con steel strip containing from about 1.5%-4%

. silicon which has been cold reduced from about

0.10 inch to about 0.014 inch in two stages sepa-
rated by a continucus anneal at about 925° C.
the final cold reduction being of the order of
50%; which comprises decarburizing the cold
rolled strip material at 800° C. and thereafter
holding the final rolled and decarbonized mate-
rial at a temperature of from about 850° C. to
about 900° C. in a non-oxidizing atmosphers for
from about 4 to about 24 hours followed by a
heat treatment in a reducing atmosphere at
about 1175° C. for about one hour.
. WESTON MORRILL.
CECIL G. DUNN.
RAYMOND WARD.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
1,919,983 Morrill - July 25, 1933
1,932,308 Freeland . _________ Oct. 24, 1933
2,209,687 Crafts oo July 30, 1940
2,264,859 Ruder o ___ Dec. 2, 1941
2,303,343 Engel o Dec. 1, 1942




