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This _invention relates to materials 1o be used for

electrical applications and particularly relates to new

magnetic materials prepared from iron-aluminum alloys,:

and to the methods- of producing such materials.
There are known in the electrical industry several
alloys' that are characterized by .outstanding ‘magnetic
properties and which, consequently, have become widely
used in applications where magnetic properties are of
importance.” The present inverntion relates in particular

‘to the development. of a new class of materials that are

useful, ‘in ‘general, for purposes’ similar to the 1ses of

commercial magnetic jron-silicon alloys and iron-nickel

alloys. 3
The object of this invention is to provide for aluminum-
iron alloy sheets having improved magnetic properties,
by a-double or triple cold rolling process . following by
intervening anneals and a final anneal under specified
conditions, whereby sheets having 4 double oriented cube
on face grain structure are produced, o
Itis another “object 'of this invention to provide ma-
terials that may be used for magnetic applications, which
are made -only of metals that have a low stratégic index.
Still another object of - the invention is 'to provide
processes for producing iron-alumintm’ materials accord-
ing'to the foregoing objects that may readily be practiced
with’ commercially -available - facilities and.-that are
adaptable in procedure to variations whereby materials
be obtained‘.“ ‘ ‘ TP ‘
“T'have discovered, and it is on this discovery that the
invention is in large part predicated, that upon Subjecting

ductile’ iron-ahiminum alloys ‘to "a series of cold rolling

with' properties tailored for particular applicatio‘ns‘ may.

and- heat t‘réa;in‘g operations to ‘prodice thin: sheets' in

which - the g;ains are-oriented with' a_cube plane, and
thus'two .easy"directions of magnetism, in’ the sheet sur-
face, and which exhibits outstanding magnetic properties.

-1 havé”‘alsd‘disfcovéred;that control of particular’steps’

in the series of ‘operations may be used -to develop par-
ticular properties to "values' over ‘and above those gen-

erally obtained in the resultant material. In this man-

ner ‘I ‘have-been . able to produce; by ‘way of example,
iron-aluminum - tapes for magnetic ‘applications. that ex-

hibit high saturation induction and high induction at low
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fields*and" génerally are particularly "useful for. various

maghnetic’ applications;

The iron-aluminum products of this invention are ob-'

tained “as flat sheets, “strips - or. tapes - of a"thickness on
the “ordet of . 1: to’ 18 mils;" Other shapes”may be pro-
duced for particiilar -applications by .use of shearing or
stamping  techniques. :
tions E or L “shapes ‘may: be statiped or punched from
sheets or’ tapes.’ - Broadly “these products- are character-
ized by aninduction’ at a field of 10 oersteds of at'least
12,000: gauss, a' coercive force. of at least as low as 0.5
oersted, and a’pulse permeability- at a field of ‘10 oersteds
of at:least:700.  From the data ‘presénted. ‘hereinafter

it will: be: apparent: that the values of the foregoing ‘prop-

erties in tapes of this invention are generally improved

For ‘example;" for special ‘applica-
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over the indicated levels when the preferred practices
are carried out. - By way of example, for low remanence
tapes of 1 to 6 mils; which are of particular interest for
pulse-permeability material, ‘the remanence usually is at
least as low as 5,500 gauss, the induction at a field of
10 ocersteds is at least 13,500 gauss, and the coercive
force is at least -as low as 0.5 oersted. - Similarly, for
tapes of 1 to 6 mils that have been prepared with a view
to ‘high indiictions the properties are-an induction at a )
field of 10 oersteds of at least 14,500 gauss and a coercive
force not exceeding 0.45 oersted. For these latter ma-
terials where remaneénce is not a controlling property,
the remanence is on ‘the order of 9,500 gauss, :
The ‘products of this invention ‘are obtained by a proc-
ess involving a plurality of cold reductions -of an iron-
aluminum alloy plats, or strip, suitably with intermediate.
heat ' treatments and a final heat treatment. - Three cold
rolling ‘operations normally are-used. In the first cold
roll, a reduction of about 60 'to 85 percent is taken. A
reduction of about 80 to 97 percent of the then thickness
is taken' in the second cold roll, -while ‘a further reduc-
tion equivalent to about 40°to 90 percent of the thickness
of the' strip from the second cold roll is taken in the’
third :cold roll. - Within these general limits particular’
combinations of reductions may bé adopted with a view

- to the development of characteristics in the final product

that may be desired, ‘

After each cold roll- the sheet is given an annealing
heat treatment under temperature and time conditions
to secure certain desired recrystallization structures, as
well as to- produce stress relief, in a non-oxidizing or
reducing atmosphere. = More particularly, after the first
cold roll the sheet is given a primary recrystallization
anneal which comprises heating the sheet to a tempera-
ture:of from 850° C. to 1100°. C. for a period of from
about two.to three hours at the lower temperatures- and
about 15 minutes at the highest temperatures, After the
second . cold roll the .sheet is first annealed in  the pri-
mary recrystallization: range, i. e. above 600° C.. and
suitably - at . 700° to. 850° C., for a.few minutes up: to
about two hours, and then placed in a_furnace which is
at a:temperature” sufficient  to, result in' the large grain
growth -characteristic of secondary recrystallization, i, e.
at about 1050° to: 1300° €. for one-half to twelve hours.
I have: found that the heat treatment applied after the. .
third: cold roll is particularly important with respect -to
the magnetic ‘properties -of - the end product. - The heat-
treatment after the third. cold roll includes, normally,
ananneal in. the primary recrystallization temperature
range, that is-at 700° to 850° C. or slightly higher ‘for
one to ten hours; followed by slowly heating the sheet
to a higher temperature and heat-treating the sheet at
that higher temperature until the desired properties re-
sult. : The heating rate. may vary from .about 5° to 150°
C. per hour, and the ‘heat-treating temperature . is:in. the
range: of 900° to.1250°.C; and is maintained. for one
to.twelve hours... While it is_not intended. to have. the.
invention_limited by theory, it is ‘believed that double,
or . cube-on-face, orientation maximizes during the heat
treatment. after the third cold roll. By double orienta-
tion T mean to indicate an oriented. grain structure hav-
ing an easy direction of magnetism along and perpendicu-
lar to the rolling direction. Within the foregoing ranges,
it will be apparent that variations can be made with a
view to developing special characteristics.  For example,
selected heating after the third cold roll has been found
desirable - 'with respect. to obtaining a Iow remanence,
Consequently, where that property is most ‘important, the
sheets ‘are heated at 1000° C. and higher. ‘

‘As' will be ‘evident to those familiar with the art of
iron-aluminum alloys, a protective atmosphere about the"
strip or tape should be provided at such times as- the
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article is at a temperature, such as above about 600°
C., at which deleterious oxidation may occur, By pro-
tective atmosphere I intend to indicate any suitable non-

oxidizing atmosphere such, for example, as argon or

hydrogen. - : . .
. Iron-alominum alloys that may- be used. in practicing
the present invention are ductile jrom<aluminum- alloys.
Such alloys generally- contain aluminum in an -amount
of abeut 3 to 7 percent based on the weight of the -alley.
Other alloying constituents-and incidental impurities may
be present in varying amounts providing that they -do
not. deleteriously interfere with. obtaining the described
properties in the end products. These alloys conven-
tionally are produced by melting,-in a vacuum:furnace,
a pure. iron, such as electrolytic: iron, and .an aluminum
suitably having a purity on the order .of 29.00 percent.
The melt may be :cast in vacuum or-under a proiective
atmosphere such, for example, -as argon, to prevent the
uncontrolled introduction ‘of impurities from the atmos-
phere.
ture above the recrystallization temperature to.a thick-
ness of about 0.4 to 0.65 -nch, suitably about 0.5 inch,
prior to the first cold rolling step above mentioned.
The following examples, demonstrating the production

of tapes for magnetic. applications, will serve to illustrate.

the invention. These examples and. the- details thereof
are given by way of
tion.

EXAMPLE I

An alloy ingot is prepared by melting commereially’

available electrolytic iron and high-purity aluminum, in
a weight ratio of 94.5 parts of iron o 5.5 patts ‘of the
aliminum, in an induction furnace under argon at at-
mospheric pressure, and then casting the melt. The

resulting ingot is hot rolled; at a terperature of- about

650° C.-to a thickness of 0.50 inch.

Thé one-half inch ‘plate is then cold rolled to-a thick-
ness of 0.125 inch and annealed -at 1000° C. for' “one
hour. The annealed material ‘is further cold rolled- to
a thickness of 0,010 inch after which the strip is annealed

at 750° C. After oné hour at the annealing tempera-

ture, the strip is cooled under argon and is then placed
in a furnace at 1200° C. and is maintained at that tem-
perature for two hours to result in a seécondary recrystal-
lization structure exhibiting large grains. - ) o
From the secondary recrystallization step, the strip is
further cold rolled to a thickness of about 0.003 inch.

The resulting tape is -given-a primary recrystallization
anmeal at 750° C. for about five hours after which “its-

temperature is raised to 950° C. at a rate of about 100°
C.perhour. - The tapeis maintained at 950° C. for about
eight hours. :

Typical properties-of 5.5 percent Al-Fe tape made ac-
cording to the foregoing example, and’ obtained from a
D. C. hysteresis loop on the material, are as follows:

Table 1
By (QAUSS) commmmmmm e S et i 9,200
Blo oo m o im e e 16,900
By cociimmmiimm i S s e S 9,400
| 3 PR R— - - om0 045
Resistivity (microhmecm.)cococ oo cmomzassos 65

From these data it is evident that such tapes may. be
used where high .saturation induction, high induction at
10w fields and a high resistivity are of importance. Typi-
cal uses inclide ‘magnetic amplifiers  (especially power
stages) and transformer applications. The high resistiv-
ity means lower core losses.or, ‘if desired, the use .of
thicker tapes with the same core loss.as with materials
presently available. s : '

“TFor certain uses, it is advantageous to have a material-

‘that exhibits a low remanence. Such materials may. also
be produced in accordance with my invention, for: in-
stance as shown in the following example,

The ingot thus produced is rolled at a.tempera-

illustration and not by way of limita-
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T EXAMPLE 1T

An iron-alumintim strip of 0.010-inch thickness is pro-
duced by a procedure exactly as used in Example I to
produce the 0.010 inch strip. The strip is then sub-
jected to a heat treatment identical to that applied to
the 0.010 strip of Example I ~The strip is then cold
rolled to a tape of a thickness of three mils. The tape
is placed in a furnace at 750° €. and the-temperature
raised at a rate of aboiit 40° per hour to 1100° C. The
tape is held at 1100°:C. for-three hours after ‘which- it
is. cooled in a cooling chamber under argon -to. room
temperature. : : TR

Typical properties for tapes produced according to
the steps of Example II-are as-follows: i

Table 11

at 4000 gauss.
A Bfat 6000 gauss- -
AH]at 8000 gauss. - ciausn

at 10,000 gauss...--- -

H=10.. -

. D100

These data, show that the product is characterized by
thé low remanence of 5,500; furthérmore, the product.
is ‘obtained without simultancotisly causing a deleterious
drop in the induction at fields of 2 to 10 oersteds. These.
tapes obviously can be used fof such applications as pulse.
of current transformers, télays, meters and various Ai-C.
ifistriments. ST ‘

The invention as représeiited by the procedure of Ex-.
ample. I is considered to be particularly outstanding
becaiise in’ commercial applications hetetofore, .a low
remanence has been produced by artificial means in cores
using: known Fe-Si and Fe-Ni alloys. "For example, in
pulse transformer applications, low -remanence has_been
obtdined by use of an infroduced dir gap. In A-C. in-
struments _special self-demagnetizing shapes- have been
dsed tosecure low remanence. Those practices lower
the permeabilities of the materials and obviously involve
additional fabricating costs anid problems. -In contrast
thereto, materials exhibiting low remanence are obtained
by virtue of the present invention without need for
artificiafities and without encountering the costs and prob-
lems characteristic of the prior art. ’

1t has been pointed out hereinbefore. that properties.
of the resulting material are dependent upon the particu-,
lar treatment used. Within the broad ranges of cold re-
ductions and temperatures and times of heat treatment:
there are more nairow ranges that are ased: to advantage.
for developing a material for a predetermined end. use.
By way of illustration, in producing materials. in accord-,
ance with each of Examples I and 1, suitable ir’;termed;@tg«
ranges of réduction that may be taken. in each of the.
cold roiling .operations afe as follows: first. cold roll, 70:
to 80 percent; second cold roll, 85 to 95 percent; third
¢old roll, 60 to 80 percent. Suitable ranges. for-the heat.
treating’steps are as follows: annealing after the. first.cold:
roll, 950° to 1050° C. for one-half to two. hours; heat
treatment following the second cold .roll, -annealing - at-
725° 16'800° C. for 30 minutes to two hours-followed by
secondary recrystallization, -after- first being -.cooled, at-
1150° to 1250° C. for one-half to four hours.  The proce-
dures of Examples I and II are different in the heat treat-
ment used after the third cold rolling .opération. ..Whefe:
tapes are t'o.,be produced.- in accordance with Example I,
the tape, after the.third cold reduction, ‘may be: given
a primary. recrystallization anneal at 725° to 775% Cifor. -
abouit three to seven- hours, after. which its temperature
is raised at about 75° to 125° per hour to about 900° to
950° C. and is held at that temperature for five to twelve -
hours. On the other hand, to produce. a low-remanence.
product.-as-in Example. IL, ‘the tape, -after: the! third:cold -
reduction, is placed in a furnace.ata temperature.of about
725° 10 775° C. and heated to. a temperature:of about-
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1050° to 1150° C. at a rate of 25° 10 50° per hour and
is held at the final temperature two to. four hours.
o EXAMPLE mn

To demonstrate the effect on the properties. produced
by changes in a given step, four tapes of 3 mil thickness
each were produced by an identical procedure up to the
heat treatment used after the third cold reduction. Each
tape was then subjected to. the .same primary anneal.  The
properties of one of the tapes were then measured. The
other thre¢ tapes were each subjected-to a different addi-
tional heat treatment. The details of the heat treatments
and of the properties of the resulting materials are sum-
marized in the following table: ; : ‘
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Table 111+
1 2" IO 4
Reannealed | Reannesied
‘ by heating - | by heating - :
Treatment 750° C. | from'750° to | from 750° to Reennealed
for.5 950° C,-at 3 11,100° C.at a by heating
hours rise 0f 100% | rise of 100° |.‘fors hours -
: per hour. per hour, at 1,200° C.
Held 3 hours | Held 3 hours
at 950° C. - [ -at 1,100° C,
16,900 ‘16,400 15,700 14, 500
9, 400 8,400 +- B, 500 g 4, 800
0.45 L] 0.3 0.3
750 <7800 71,020 Clgio

From these: data it is-evident that the properties may be
affected by the ‘heat treatment used. * The best results
from the pulse permeability standpoint are obtained with
treatment 3 since a high ‘ :

‘ AB

AH

results along with a low remanence and high ‘induction
at 10 oersteds.  ‘The -procedures’ of I and 2 result in
high saturations albeit with a-high' remanence and thus
are of importance where a high saturation is needed and
a high remanence is not deleterious. . And finally, pro-
cedure 4 results ‘in“low‘r}emanence though the saturation
value has, in part, been sacrificed, . It is apparent that
for the best remanence value, procedure 3 or 4 would
be chosen; procedure 4 being " preferred if the satura-
tion value is not critical, and 3 being better if it is.

To: this point, the invention has been described with
respect to. the use.of a schedule of three cold rolling op-
erations each being followed by a heat treatment. = It is
to be understood that those are, as presently advised,
thought to be the best embodiments of the invention,
However, the materials resulting, by way of example, at
the point just prior to the third cold reduction also are
novel-and useful materials for magnetic applications. Asg
evidence thereof, in the following table I have accumu-
lated data on the properties of the 13 mil strip that
was produced - according ‘to - the following - schedule: . a
¥ inch hot rolled plate of Fe—35.5 percent Al is cold
reduced to a thickness of 0.125 inch and then annealed
at 1000° C. for one hour. The strip is then cold rolled
to 13 mils, annealed.a 750°. C. for one hour and then
cooled.. The cooled strip is then heated at 1200° C. for
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coercive force. Moreover, - the. pulse. permeability also
is very satisfactory, Accordingly the 13 mil product can
be used where those properties are desired and the satura-
tion induction at 10 oersteds is not of controlling signifi-
cance, :
From.the foregoing it can be seen that this invention
provides a new class of materials that may be used for
magnetic applications. . The highelectrical Tesistivity
of the iron-aluminum ‘gives them an advantage over the
corresponding iron-silicon or -iron-nmickel alloys in that
lower cere losses may be obtained. This high resistivity
is ‘of - special . interest-in higher. frequency applications.
such as 400 cycles-and above. Those products exhibiting
a low. remanence ‘are superior to the Fe-Si ‘and Fe-Ni
products: because with my’ Fe-Al. products the “actual
permeability: of the material is retained in-service condi-
tions; . The 'mechanical properties:of the Fe-Al, tapes
also commend their commercial adoption. . For example,
these materials are ductile and-can be cold rolled to thin
gauges without difficulty. . As they are not highly strain
sensitive, as compared with Fe-Ni alloys, they"are-less
susceptible. to property: degradation through - handling.
The ‘products. also are of lower unit weight than' Fe-Si
or Fe-Ni materials, and hence may be of particular inter-
est for' airborne applications.. o i
+.Still - another outstanding * advantage of -these. few

~Fe-Al products is the fact that they-‘may. ‘be  insulated

by a simple low temperature air anneal, for example by
heating the tape.at-200° to 400° C, for about 30 minutes;
Such treatment causes an insulating Al;0; coating to form
on the surface; the coating is ductile and is ‘essentially
unaffected by subseqtient handling operations, The coat-
ing' is less ‘than .10~% inch in"thickness. In providing
Fe-Si-and. Fe-Ni materials with insulation, it has been
accomplished .by ‘a::procediire involving -a- scrupulous
cleaning of ‘the metal followed by applying the' codting
and then baking it.. That necessitates additional expense,
careful handling to.:avoid destroying the coating; and a

" loss in use of ‘available space:in .core manufacture ‘with

those' materials. ' Accordingly, the advantage in ‘my -in-
vention s ‘evident. S R R AL S

According to: the provisions of. the patent statutes: T
have. explained the principle. of \my. irivention and héve
described “what I now' believé to represent its: best ems
bodiment.  However, I desire to have it understood  that

. the invention may be. practiced otherwise than' as specifi-
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two hours to develop a large grain structure. - The prop-
erties of .the resulting. material are: i
Table 1V
Bl 113,600
B, 3,600
H, 0.18
at 2000 gauss: - 4,200
at 4000 gauss.. 28,30
4 BJat 6000 gauss__._... - 3,010
AH)at 8000 gauss.. .. 2,910
at 10,000 gauss % 1,800
g L S , 000

‘From these data it is apparent that the 13 mil product
has. a very low remanence -value coupled with a low

(]

cally ‘described.

I claim as my invention: EE

1. A recrystallized  iron-aluminum strip . for magnetic
applications which consists essentially of a ductile iron-
aluminum alloy. consisting essentially of 3 ‘to 7 weight
percent of aluminum and the balance iron, said strip being
about 1 to 18 mils thick and having the follewing proper-
ties as determined from a D. C. hysteresis loop. on  the
strip: remanence not exceeding 9,500 gauss, an induction
al 10 oersteds of at least 12,000 gauss and a coercive
force not exceeding 0.50 oersted.

2. A recrystallized, doubly - oriented iron-aluminum
tape for magnetic applications which consists essentially
of a ductile iron-aluminum- alloy consisting . essentially
of 3 to 7 percent by weight of aluminum and the balance
iron, said strip being about 1 to 6 mils thick and having
the following properties as determined from a“D. C;
hysteresis ‘loop on-the tape: remanence not. exceeding
5,500 gauss, an induction at 10 oerstéds of af least 13,500
gauss, and"a coercive force not exceeding 0,5 oersted.

3. A recrystallized, doubly oriented iron-aluminum
tape for magnetic applications which consists essentially
of a ductile iron-aluminum. alloy consisting “essentially

of 3 to 7 weight percent of aluminum and the. balance

iron, said strip being about 1 to 6 mils thick and having
the following. properties as determined from .a°D. C.
hysteresis loop on the tape: an induction at 10 oersteds
of at least 14,500 gauss, and a coercive force not exceed-
ing 0.45 oersted
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4. That method of producing a doubly oriented _iron-

aluminum- strip for magnetic “applications - which “com-
prises  cold rolling a 'hot ‘Folled* ductile” iron-alominum
plate ‘which consists essentially ‘of 3 €077 weight percent
of aliminum “and the ‘balanceiron to reduce 'said plate
by 60 to 85 percent of its thickness, heating the resulting
strip -at‘above the-recrystallization ‘temperature to stress
relievé it,"cold: Tolling the stress-relieved strip to-reduce
it by 180-to 97 percent of-its thickness; and then heating
the resulting: strip at a temperature and for a time suffi-
cient to develop a large grain structure.

5. That method of producing a doubly oriented iron-
aluminum tape which comprises cold rolling a hot rolled
ductile iron-aluminum- plate of -a thickness of about
0.4-t0'0:65:inch which consists-essentially‘of 3to 7 weight
- percent ‘aluminum’ and the. balance iron to" reduce:said
plate by 60 ‘to 85 percent of its thickness, stress reliev-
ing the resulting reduced- strip, ‘thencold rolling the
stress-relieved ‘strip:to reducet it by 80 to 97 percent-of
its thickness, then heating ‘the strip ‘at an elevated tem-
perature ‘above: its recrystallization ‘temperature ‘1o cause
grain growth, cold rolling . the resulting strip to. reduce
it-by 49:to:90 percent ‘of its thickness, and then heating
the rtesulting tape at a temperature above its ‘recrystal-
lization temperature to develop: cube-on-face orientation
in the resulting grain structure. : - :

- 6. That. method of. producing: doubly oriented. iron-
aluminum -tapes “which .comprises. ‘cold :rolling: a.hot
rolled plate of a thickness “of :about 0.4-to .0.65::inch :and
which’ consists: essentially .of  about. 3. to 7. percent. by
weight ‘of ‘aluminum. and “the . ‘balance - substantially -all
iron, by 70:i0 80 percent of its thickness; .annealing: the
resulting strip at a temperature. of 850°‘to 1100°.C. to
stress. relieve said . strip, cold rolling the annealed . strip.
to reduce it by 85.to 95 percent.of. its. thickness, anneal-
ing the strip-at 700° to 850° C.; ‘cooling. the strip;: then
Heating it-at a-temperature :of .1050°. C. to:1300°-C. for

one-half: to-twelve ‘houfs. t0. cause grain ‘growth, cold
rolling the strip to reduce it ‘by: 60 to..80 percent of its
thickness;-and then heating: the- resulting tape :at a tem-
perature .above its; recrystallization temperature..lo- cause
a cube-on-face orientation of the resulting - grain -struc-
tare, - U )

-7, That ‘method : of - producing iron-aluminum: - tapes
which - comprises: cold rolling: 2. hot tolled  plate ‘of a

10

8
thickness of about 0.4 to 0.65 inch and which consists
essentially of about 3 to 7 percent by weight ‘of “alumi-.
num and: the: balance substantially all iron, by 70 “to*80"
percent of its thickness, -annealing the resulting strip at
a temperature of 850° to 1100° C. to stress relieve said
strip, ‘cold’ folling the ‘amnealed strip. to. reduce it 'by.
85:t0 95 percent of its thickness, annealing the strip at
700° to 850°C., then heating it at a temperature. of
1050° C. to 1300° C. for ome-half to twelve hours to
cause ‘grain “growth, cold rolling the strip ‘to reduce’ it

- by 60 to 80 percent of its thickness, heating the tape

20

at a temperature of 700° C. to 850° C. for about. 1 to
10 ‘hours, then raising. the temperature of the tape at'a
rate of about 5°°C."to 150°. C: per hour to. a tempera-
ture of 900° to 1250° C. and maintaining that tempera-’
ture for 5 to 12 hours. :

8. That .method of producing iron-aluminum - tapes-
for magnetic applications which comprises -cold rolling a
bhot tolled plate of a thickness of about 0.4 to 0.65 inch
and which consists .€ssentially of about 3 ‘to 7 percent

- by weight of aluminum- and the. balance substantially

35

all iron, by 70.to 80 percent of its thickness, annealing
the resulting strip-at a temperature of 950° to 1050°
C. to stress relieve said strip, cold rolling the annealed

5 strip to reduce. it by. 85-to 95.percent of its- thickness,

annealing the strip at 725° to 800° C., cooling the strip,
then heating it ‘at a temperature of 1150° to 1250° C.

for one-half to four hoiirs to cause grain- growth, cold:

rolling the strip to reduce it by 60'to 80 percent of its.
thickness, then heating the resulting. tape at a-tempera-
ture .of: from 725°. C.:to 775° C. for 3' to 7. hours, then
raising the-temperature from the temperature of about
725° to. 775% C. at a rate of 25° to 502.C. per hour
to a higher temperature of about 1050° to: 1150 C.:and
maintaining said higher temperature . for about two to

" four hours.
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