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57 ABSTRACT 
High-permeability silicon-iron sheet is produced by 
providing a melt containing about 10 parts per million 
boron, 45 parts per million nitrogen and about 0.030 
per cent of manganese and sulfur, hot rolling from 
about 2250°F, and finishing with a final cold reduction 
of 80 per cent. 

13 Claims, No Drawings 
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METHOD OF PRODUCING SLICON-RON SHEET 
MATERAL WITH BORON ADDITION AND 

PRODUCT 

This is a continuation-in-part of my copencing patent 
application Scr. No. 429,791, now abandoned, filed 
Jan. 2, 1974, which is a continuation-in-part of my pa 
tent application Ser. No. 320,669, filed Jan. 2, 1973 
(now abandoned), both assigned to the assignee 
hereof. 
The present invention relates generally to the art of 

making polycrystalline, magnetically soft, rolled sili 
con-iron products, and is more particularly concerned 
with a novel method of producing high-permeability, 
singly oriented silicon-iron sheet including as essential 
features the use of boron in small but critical amount, 
nitrogen in the metal in critical ratio to the boron, the 
presence of manganese and sulfur in a ratio less than 
2. l. a cold rolling schedule including an intermediate 
annealing step and a final heavy cold rolling reduction. 
This invention additionally concerns a new hot-rolled 
silicon-iron hand product. 

CROSS REFERENCES 

This invention is related to the invention disclosed 
and claimed in patent application Ser. No. 431,128, 
now abandoned, filed Jan. 7, 1974 as a continuation-in 
part of patent application Ser. No. 326,852 (now aban 
doned), filed Jan. 27, 1973, entitled 'Method of Pro 
ducing Oriented Silicon-Iron Sheet Material With 
Born Audition' in the name yf Herbert E. Grenoble 
and assigned to the assignee hereof, which pertain to 
the concept of using small but critical amounts of 
boron to enable the production of singly-oriented sili 
con-iron sheet. 
The invention disclosed and claimed herein also re 

lates to that clisclosed and claimed in patent application 
Ser. No. 429,8()(), now abundoned, filed Jan. 2, 1974, 
as a continuationin-in-part of patent application Ser. No. 
32(),668 (now a handoned), filed Jan. 2, 1973, entitled 
'Method of Producing Oriented Silicon-Iron Sheet Ma 
terial With Bron Addition in my name and assigned 
to the assignee hereof, which pertain to the novel con 
cept of cold rolling hot-rolled silicon-iron sheet directly 
to final thickness without an intermediate heit treat 
ment through the use of small but critical announts of 
boron and hy maintaining the ratio of manganese to 
sulfur in the metal at less than 1.5. 

BACKGROUND OF THE INVENTION 
The sheet materials to which the invention is directed 

are usually referred to in the art as 'electrical silicon 
steels or, more properly, silicon-irons and are ordinar 
ily composed principally of iron alloyed with about 2.2 
to 4.5 per cent silicon and relatively minor amounts of 
various impurities and very small amounts of carhon. 
These products ure of the 'cube-on-edge type, more 
than about 7() percent of their crystal structure being 
oriented in the ( 1 1 () ()() texture, as descriheld in 
Miller Indices terms. 
Such grain-oriented silicon-iron sheet products are 

currently made commurcially hy the sequence of hot 
rolling, heat treating, cold rolling, healt treating, ilgil in 
cold rolling and then final heat treating to decarhurize. 
desulfurize and recrystallize. Ingots are conventionally 
ht-worked into a strip or sheet-like configuration less 
than (), 5 () inch in thickness, referred to as 'hot rolled 
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band.' The hot rolled band is then cold rolled with ap 
propriate intermediate annealing treatment to the fin 
ished sheet or strip thickness usually involving at least 

5() per cent reduction in thickness, and given a final 
or texture-producing annealing treatment. 
From time to time, there have been reports in the lit 

erature of methods by which unusually high permeabil 
ity silicon-iron sheet materials can be consistently pro 
duced through departures from conventional practice 
in respect to melt chemistry, rolling schedules and 
heat-treating conditions. To the best of my knowledge, 
however, none of these methods has proven to be en 
tirely satisfactory. In some cases the cost is too high, 
while in others residues of processing additives defy re 
moval efforts and penalize product magnetic proper 
tles. 

SUMMARY OF THE INVENTION 

I have discovered that unusually high permeability 
silicon-iron sheet material can be consistently pro 
duced by a novel process, the economics of which com 
pare favorably with those of present commercial opera 
tions. Thus, I have found that these results can be ob 
tlined by making new departures from the present gen 
eral practice which do not require modification of con 
ventional silicon-iron mill production or processing 
cquipment and do not significantly increase either 
labor or material costs. 

In the practice of this invention, a silicon-iron melt 
containing at least ().() l per cent munganese and being 
otherwise of ordinary chemistry can be used, a small 
but critical amount of boron being acclect to establish 
a nitrogen to boron ratic) in the metal in the range of 
one to fifteen parts of nitrogen per part of boron and 
the ratio of manganese to sulfur being adjusted to less 
than 2. l. Further, I have found that finished products 
of substantially improved magnetic properties can he 
obtained hy cold rolling to an intermediate thickness 
and then heat treating the cold-worked sheet, and 
thereafter subjecting the silicon-iron sheet to a final 
heavy cold reduction. 

l contemplate in addition the use of selenium in place 
of part of or ill the sulfur required in accordance with 
this invention. As in the case of sulfur, the selenium re 
quirement of this new process can be met in various 
ways, my preference being to udd the requisite amount 
to the ladle in clemental form or as ferr()selenian. 

DEALED DESCRIPTION OF THE INVENTION 
Generally described, my present invention comprises 

the steps of providing a silicon-iron mclt containing 2.2 
to 4.5 per cent silicon, manganese and sulfur in 
amounts in a ratic of manganese to sulfur of less than 
2.1, between about three and 35 parts per million 
bron and hetween 3() and 6() parts per million nitro 
gen in the ratic thoron of l to 5 parts per part of ho 
ron, casting the melt to firm an ingt, hit rolling the 
ing(ht, then cold rolling the resulting hot-rollect bank t) 
intermeciate thickness, heit treating the coll-worked 
sheet, and then subjecting the silicon-iron sheet to a 
final heavy cold reduction. Thereafter, the cold-rolled 
sheet is subjected to final heat treatment to decarhu 
rize it in to levelop cube-on-codge secondary recrys 
tallization texture in it. 

Preferably, the horn content of the metal at the cut 
set (of the final heat treatment is from 5 to 25 parts per 
million, such amount of boron in suitable form being 
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added at the melt stage. It is contemplated, however, 
that the boron will be in amount from about three to 
about 35 parts per million as I have found that addition 
of less than three ppm of boron to silicon-iron melts is 
not sufficient to consistently produce the new results of 
this invention, and amounts of boron greater than 35 
ppm require the presence of nitrogen in amounts in ex 
cess of those normally obtained in convention: melt 
ing practice. 
The boron content of the metal at the melt stage can 

differ significantly from that at the hot-rolled band 
stage, particularly when the melt addition of the horon 
source is made early or when the ingot is soaked at un 
usually high temperature or for a prolonged periol (f 
time. Boron loss, however, has been found to be negli 
gible when the boron source is added to the ladle and 
hot rolling is begun as the ingot reaches hot rolling ten 
perature as subsequently described. Thus, it is possible 
in carrying out this invention process to produce a hot 
rolled band and a cold-rolled sheet of final gauge thick 
ness which have apparently the same bulk contents of 
boron, nitrogen, manganese and sulfur as the melt in 
the ladle from which they were derived. By the same 
token, it is possible to produce such band and sheet ma 
terials of substantially different chemistry. The impor 
tant consideration, however, is the composition of the 
band or sheet, particularly in terms of the foregoing 
four elements :und their critical ratios during the cold 
rolling and intermediate and final annealing stages of 
this process. 

It will be understood from the foregoing that this in 
vention has both article and method aspects, the new 
product being a hot-rolled band containing 2.2 to 4.5 
per cent silicon, manganese and sulfur in the ratic) of 
manganese to sulfur less than 2.1, between about 3 and 
35 parts per million boron, and between 30 and 6() 
parts per million nitrogen in the ratio to boron of to 
15 parts per part of boron. 
The born content of ordinary silicon-iron is negligi 

ble, proving on 'wet' analysis to be less than one part 
per million. Accordingly, for practical purposes in this 
specification and the appended claims, the terms 
"boron content and 'horon Lcludition in their various 
forms have the same essential meaning. 

Permeabilities in the rolling direction of typical prod 
ucts of the present invention (ll-nil strip materials ) 
are of the order of 185() to 920 gauss as measured in 
a ()-oersted magnetic field. The watt losses of these 
materials likewise are in a highly favorable range, heing 
of the order of ().52 to (). 60 watt per pound (wpp) at 
15,000 gauss and ().67 to 0.77 wipp at 17,000 gauss (6) 
hertz). 
According to the present invention as I prefer to 

practice it, silicon steels containing about 0.03 per cent 
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of each manganese and sulfur, and about 0.03 per cent 
of carbon, and usual amounts of incidental inpurities 
are produced in the form of strips or sheets for use in 
electrical equipment including transformers and no 
tors by providing a melt of the required chemistry and 
adding to it a source of born equivalent to 5 to 25 
parts per million of boron to establish a nitrogen to 
boron ratio of one to fifteen parts per part of her n, lin 
gots cast from the melt are heated preferably to about 
22()() to 23()()'F and hot rolled in a scries of passes 
until the thickness of the resulting sheets is about 1 ()() 
mils. After pickling and annealing, the sheets are cell 
rolled to intermediate thickness of about 60 mils and 

(S 

4. 
reheated and then cold rolled again to final thickness 
of about 11 mils. Thereafter, the cold-worked sheet is 
given a decarburizing heat treatment and a recrystalliz 
ing (''texturizing J anneal during which boron is 
largely, if not entirely, eliminated from the sheet or 
strip product. 

in a commercial-scale operation designed to test the 
capabilities of this new process in a production-type 
operation, a 70-ton melt was prepared using BOF sili 
coin-iron. Five parts per million of boron in the form of 
ferroboron were added to the melt in the ladle, which 
then had the following composition: 

Silk in is nerck Int 
C. pper t), 2-4 
Chronium (), 33 
Aluminum ().().5 y 
Maing: these ().()35 
Sulfur ().()3 
Cirly (), (3) 

ry () 
Nitre in (j)5) it 
rt in Remainler 

HEight ingots were cast from this melt and four of 
these were heated to 235() for hot rolling, while the 
other four were heated to 2250. Hot rolling was car 
ricci out in accordance with standard production prac 
tice in a six-strand tandem hot strip mill to provide hot 
rolled hands from 9() to 13() mils thick. Samples of the 
hot-rolled band from the butt and hot top end of each 
hot-rolled coil were pickled in the conventional acid 
solution and then heat treated in hydrogen for approxi 
mately 3 minutes at 900C. Some of these sample 
pieces were colu rolled without tension directly to a 
thickness of approximately 11 mils, while others were 
cold rolled without tension to 60 mils thickness and 
then heat treatec in hydrogen for 3 minutes at 900C 
before rolling to l l mils. 

Epstein-size strips of all the resulting cold rolled sheet 
materials were decarburized at 800C in hydrogen 
( room temperature dewpoint) by heating for 3 min 
utes. The strips comprising the Epstein pack were 
lightly clusted with alumina powder and stacked and 
then heat treated, being loaded at 800°C and heated at 
50°C per hour to 1050°C in nitrogen and then to 

50°C in hydrogen where they were held for two 
hours. Magnetic properties of the Epstein packs are set 
frth in Tables and II. 
As shown by the data in Tables I and II, both ends of 

a coil more consistently develop high permeabilities 
and low losses if a heat treatment step at 60 mils is in 
cluded in the cold-rolling schedule. Furthermore, it is 
apparent from these data that very good magnetic 
properties are more consistently obtained in these ma 
terials when hot rolling is begun at 2250F than when 
the temperature of the ingot at the outset of hot rolling 
is 100°F higher. 

AHE 

Myletic Prop ties of Strip Hkt-Rolled From 235th 
(iiig i. sses. n w YY 

il (Yucati in Mt. 5 (3 fy. 3 RB 17 kB ()H 

Xircuit Cli Rtill 
utt 54's 73) S- 77 

His on lit) f5 lfh S 79.4 
4 Futt 557 tf 7. K-4 
4 Hoyt is 5X t 75 k 5 
s ult R St() 4ffy 744 842 
5 Hot ty 55( ) fj 7(k k73 
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TABLE I-Continued 

Magnetic Properties of Strip Hot-Rollect Fronn 235('h 

6 
The manganese and sulfur analyses and the boron 

added in each instance are set out in Table III together 
with the rolling and heat-treating conditions and the re 

Cage lc issus, innwn sults of permeability and watt loss measurements made 
Chil (catiyil Miss 5 (.3 k3 7k - 5 on each individual finished product. 

Two Staged Rolleci (60 Mil intermeliate Gage) 
Butt 2 S4 fy 77 J( )3 
Hot Top 57 (31 ?h9 SyS, Slices 1.75 inch thick were cut from 50-pound ingots 

: By I . s: : cast from each melt of this series and heated either to 
Yt - - h - - N: -v 

5 Butt 2 514) (7 (7) 886 | 75°C or 1200°C for hot rolling, as noted in Table III. 
5 Hot Top 2 536 f 6-f 1890 ' The ingot portions were hot rolled to 90 mils thickness 

in six passes without reheating. Each resulting hot 
TABLE rolled band was pickled and then cold rolled to inter 

mediate thickness either of 60 mils r of 28 mils, then 
heat treated for three minutes at 900 in hydrogen and Magnetic Properties of Siriy Hit-Rollecl. From 225() 5 L k ( y ge an 

( jitge losses, mwpp finally cold rolled to 1 1-mil thickness. (Nominal l 1-mil 
(coil cociatin Mills 5 ()kH 16.3 kB 17 kB ul H strip ranged in these runs from 1 1. () to l l .3 mils in 

Direct Cill Ryllel thickness.) 
( 3utt (32 79) 9)3 73. 

E. p. } ! S. 3. 4. : 3. Epstein strips of each of these cold-rolled sheet prod l - () 

7 Hot 1 p. 596 7) 78. 83) ucts were decarburized by subjecting them for 3 min 
S. Butt 3 S. 63 ft) 1899 utes to a temperature of 800c in hydrogen at room 
K Hot 1 in 59.4 72 7(g) 827 r 2 de Th for the final al att wk Stage Rcluk (C) Mil Intern culiate Cigk temperature dewpoint. el. Or line Illa allel, Wa 
ey Butt 56 f{}} X 1898 toss strips (3 cm x 30.5 cm) were lightly dusted with 
6. Hot I 3. 5.49 f44 7(3 is)} in t as "Y Y -mi (triry 
W. Butt 58 62 77 1925 25 alumina powder and stacked. Packs of 1 1-mil strips 
7 Hot Top 554) t;58 7ty () were loaded at 800°C, heated at 50 per hour to 1050C 
N Bitt 3 57 fif ?ix 9}( ) in nitrogen and then to 1 150°C in hydrogen, where they 8 Hoyt p SR ty h3 (y S.) 

were held for 2 hours. 

TABLE II 

Magnutic Pr perties if instein Packs of l-Mil Thick Strips Prycessed With An Intermeliitte 
Heat retrinent 

Heat retic kit f() Mils Heat Ireated it 28 Mils 
Inn 3 issus. nn wi. ?.) Hert issus, mw, (s( ) Hertz 

Rin All Min S MiniS S(k3 17.()kh ul H 15 kB 7.()kB upH 
5 (3) () 27 ()() - - - 475. X} - 588 
5 }3 }(t) 3.3 777 - - - 6.4 ?45 -- 7() 

{}34 it 2. () s - 543 f3 9i 7 
- 5 (33 (6. . f7 -- 77 5f. 73 83-k 
5 5 ().34 (). 2. () S34 74 S7) 537 7. K-4-4 
f 33 ()is 3. 1() - 44 f() 849 77 
7 5 13f 25 .. 548 7{} KKR 5.8 7. SX 
X ( ) (34 (23 5 543 77 1886 555 7.4) 855 

2( ) (34 (R 5 53.7 685 9{}5 55 723 86 
3() ()3 ()3 35 58. 7)2 1888 585 776 85 ( 
4() ()3 ()2 l,-4 (22 t) () 7(){ 575 83. 756 

(), (33 ( ) ()5. - - 478 5s) 8. 77 
5 } )f {}} 555 ()7 cy (* 56() 725 1868: 

4 () {}R 33 } 555 7 9{} 575 7f 1833 
5 (J3 (39 (8 567 73 () 886) --- -- --- 

"Hit rillel frin 5C, ill thers hit illucci frti ('C' 

This invention has been further explored in a series 
of 15 experiments designed to test the composition and 
processing parameters, particularly the boron content, 
the manganese and sulfur content and rati ), and the ex 
tent of thickness reduction during the final or second 
cold-rolling phase of a two-stage cold-rolling process. 
In carrying out these experiments, each of the heats 
was melted in an air induction furnace in an argon : it 
mosphere using electrolytic iron of 98 per cent ferrosil 
icon to provide a melt (of the following composition: 

Sili ( ) Yu reint 
fit is y 

( t in f ( 
Chri itain (). 
Nitri gun () ()-45 
ri in Rennai inder 

Preparation of these and subsequent heats resulted in 
nitrogen contents from 3 () to 60 parts per million with 
ahove-indicated average content. 

6) 

f5. 

As indicated by the data reported in Table 11, the 
magnetic properties of the products were substantially 
improved by the addition of boron when the ratio of 
manganese to sulfur in the silicon-iron was less than 
2. l. Further, high permeabilities were obtained 
through the addition of five to 3 () parts per million of 
boron, but the addition of 40 parts per million of boron 
resultec in incomplete secondary recrystallization and 
consequent substantially diminished permeability. Fi 
nally, purmeability was improved hy heavier final cold 
recluctions, which is surprising in view of general expe 
rience in conventional practice to the contrary. 
Four additional experiments were run as a series to 

test the two-stage cold reduction process against the 
single stage or direct cold reduction method. Permeil 
bility and watt loss measurements made on finished - 
mill silicon-iron strip materials resulted in the data set 
out in Table IV, which also indicates in each instance 
the rolling procedure and lists the amounts of bron 
added and the manganese and sulfur content of eitch 
individual melt of this series. 
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In each of these four experinental runs, the proce 
dure from providing the melt at the outset through cold 
rolling was as described above in reference to the series 
of 12 runs, except that direct cold rolling involved re 
duction from 9() to l l mills thickness without internhe 
diate heat treatment (of the silicon-iron sheet material. 
As shown by the clat: reported in Table IV, heat 

treatment at an intermediate thickness generally im 
TABLE IV 

Comparistyn i Properties Obieki By Direct Colk Rilling to Mils. With 
Heat Ireatment at linternetlite (iage if f ( ) Mils 

Rolling ppni B 
Ruin Prycut Aculc M S. 5 (3 3 ul () 

lirt s () ( ) ().() 5?s 75x S49 
7 (y) ti C, 555 (t (). If 
s inct () tl ()- ()(3t 57. 7.5 issis 

ty in CG S3) ? (S 

it F5" turs lar in lib' 

proves the magnetic properties of the final product, as 
contrasted to cold rolling direct to final gauge from the 
hot rolled band. 

In addition, in view of the foregoing experimental re 
sults, it will be understood that the final cold reluction 
carried out in the two-stage cold-rolling operation of 
this invention is preferably of the order of at least 6() 
per cent and most desirably upwards of 7() or S() per 
cent. Acceptable or satisfactory results may, however, 
be obtained it reductions of the orcler of 50 per cent 
and even less, (ther factors influencing the develop 
ment (if secondary recrystallization texture and god 
magnetic properties being the same and within the crit 
ical limits defined above. 

In laboratory experiments illustrating the utility of 
selenium in this process, four heats were melted in an 
air incluction furnace uncler an argon cover using clec 
trolytic iron and 98 per cent ferrosilicon. Five parts per 
million of boron were added to each heat and ().025 per 
cent of sclerium was added to two heats (B und C) and 
(). ()45 per cent selenium was accled to another (heat 
D). I he chemical analyses of these heats were as foll 
lows: 

ABE V 

f M S S. ', C , Cu 

() 

A 
3. ( ). It 

().() 

s 
s 
5. 
5. 

Slices 1.75 inches thick from the resulting 50-pound 
ingots were heated to l 200°C and rolled without re 
heating in six passes to a thickness of 90 to 1 ()() mils. 
After pickling, samples of the hot rolled band were 
heated in hydrogen for 3 minutes, cold rolled to 6t) 
mils, heated again for 3 minutes at 90()°C in hydrogen 
and cold rolled to the final thickness of 1 mils. Epstein 
Strips were decarburized by heating for 3 minutes at 
800°C in wet hydrogen, after which they were sepa 
rated with alumina powder and given the final anneal. 
The final anneal consisted of heating at 5()°C per hour 
from 800°C to 1050°C in nitrogen, then in hydrogen to 
175°C and holding 3 hours. The magnetic properties 

of Epstein packs of these materials were measurel with 
the following results: 

( ) 

in (ne instance in the course of carrying out this ex 
periment, (). (2) per cent of selenium was added to the 
melt which had the following analyzed composition: 

* , Mt. S Se Si ' ('t ' (' ' (' 

As in the other heats of this series, five parts per mil 
lion of boron were addell to the molten metal and pro 
cessing for one Sample (X) was as describel above, 
while in the case of a second Sample (Y), the interme 
(liate heat treatment was curried out at l()00C instead 
of 900°C. The measured magnetic characteristics of 
these final products were: 

m win 
(age trils Sk 73 (IH 

X (). (2 t() } 
Y ().8 5. 7) (). 

It is apparent that selenium is more effective than sul 
fur when comparcel in an atomic weight hasis, it least 

(.26 atomic per cent sulfur being required with ().()3() 
per cent manganese hut only ().) 17 atomic per cent of 
Selenium being necessary. 
As used her cin and in the uppendel claims, the term 
ingot means and refers to a body made hy solidifying 

by any cilsting methcci nholten steel male by any suit 
itle Stelmaking methcal, and this inclules a slah-like 
ingot obtained by a continuous casting method. 
Whenever in this specification and in the appended 

claims reference is mille to amounts, rations, percent 
ges or proportions, the weight basis is meant und in 
tentled unless otherwise expressly stated. 
What I claim as new and desire to secure by Letters 

Patent of the inited States is: 



1. The method of producing grain-oriented silicon 
iron sheet which comprises the steps of providing a sili 
con-iron melt containing 2.2 to 4.5 per cent silictyn, 
manganese and sulfur in amounts in ratio of maing 
nese to sulfur less than 2. l, between about three and 
about 35 parts per million boron, and between 3() and 
6() parts per million nitrogen in the ratio to horn of 
onc to fifteen parts per part of boron, casting the melt 
to form an ingot, hot rolling the ingot, then cold rolling 
to intermediate thickness, then heat treating the result 
ing cold-worked sheet, then cold rolling and reducing 
the sheet to finil thickness, and finally subjecting the 
cold-rolled shect to heat treatment to decarburize it 
and to develop (1 ()) ()() l secondary recrystallization 
texture in it. 

2. The method of claim 1 in which the hot rolling step 
is begun with the ingot at temperature in the range 
from 21 ()(F to 24()(F. 

3. The method of claim 1 in which the hot rolling step 
is begun with the ingot at temperature between 22 OF 
and 23 ()(). 

4. The method of clinn 1 in which the sheet is re 
duced in thickness to about 60 mils in the first cold 
rolling operation, and in which the second cold rolling 
operation results in about 80 per cent reduction in 
thickness of the sheet. 

5. The method of claim in which the final cold 
rolling step results in reduction of thickness of the sili 
con-iron sheet of about 6 () per cent. 

6. The method of claim in which the amount of 
mitinganese is from about 0.0l to (). () per cent and the 
amount of sulfur is from about (), ()()5 to ().05 per cent. 

7. The method of clinn in which the melt contains 
about 5 () parts per million nitrogen, about five parts per 
million boron are dided to the melt, and in which the 
manganese content of the melt is about ().035 per cent 
and the sulfur content of the melt is about ().03() per 
cent, and the ingot is at 225()°F at the outset of hot roll 
ing, and the sheet thickness is reduced to 60 mils in the 
first cold rolling stage and the sheet is then normalized 
in hydrogen for 3 minutes at 9{}()°C and thereafter cold 
rolled to final thickness of about l mils. 
8. The method of claim 1 in which the manganese 

content (if the silicon-iron melt is at least (). () per cent. 
9. The method of producing grain-oriented silicon 

iron sheet which comprises the steps of provicing it sili 
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3) 

35 

45 

5) 
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10 
con-iron melt containing 2.2 to 4.5 per cent silicon, ad 
ditionally containing sulfur or selenium or sulfur and 
selenium in mount from 0.005 to ().05 per cent, and 
additionally containing from (), ()l to (), () per cent man 
gainese in an amount in the ratic to sulfur or selenium 
or sulfur plus selenium of less than 2.1, and containing 
between 3() and 60 parts per million nitrogen, and fi 
nally containing incidental impurities and the balance 
consisting of iron, adding from about three to about 35 
parts per million of boron to the melt and thereby es 
tablishing a nitrogen to boron ratio to the melt of 1 to 
15 parts of nitrogen per part of boron, casting the melt 
to form an ingot, hot rolling the ingot, then cold rolling 
to intermediate thickness, then heat treating the result 
ing cold-worked sheet, then cold rolling and reducing 
the sheet to final thickness, and finally subjecting the 
cold-rolled sheet to heat treatment to decarburize it 
and to develop ( 10}(001) secondary recrystallization 
texture in it. 

t(). The method of claim 9 in which the metal melt 
contains about ().019 per cent selenium, about ().004 
per cent sulfur and about 0.033 per cent manganese. 

. The method of clini 9 in which the metal net 
contains from ().0l 5 to ().037 per cent selenium, ahout 
0.004 per cent sulfur and about 0.03 per cent manga 
CS. 

12. The method of producing grain-oriented silicon 
iron sheet which comprises the steps of providing a hot 
rolled band containing 2.2 to 4.5 per cent silicon, be 
tween three 35 parts per million boron, between 3 () and 
60 parts per nillion nitrogen in the ratio of 1 to 15 parts 
pler part of horon, und mounts of manganese and sul 
fur in the ratio of manganese to sulfur less than 2. l. 
cold rolling the hot-rolled band to intermediate thick 
ness, then heating the resulting cold-worked sheet, then 
cold rolling and reducing the sheet to final gauge thick 
ness, and finally subjecting the cold-rolled sheet to heat 
treatment to levelop ( l l ()) ()() l secondary recrystalli 
zation texture in it. 

13. A silicon-iron hot-rolled band containing 2.2 to 
4.5 per cent silicon, manganese uncl sulfur in amounts 
in a ratio of munganese to sulfur less than 2. between 
ahout three and 35 parts per million boron, and be 
tween 3() and 60 parts per million nitrogen in the ratic 
to boron of 1 to 5 parts per part of boron. 
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