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ABSTRACT OF THE DISCLOSURE 

A process for producing cold-rolled steel plate durable 
to very severe press working, having excellent deep draw 
ability and stretchability and non-aging property, compris 
ing subjecting an extremely low carbon steel, which is 
characterized by oxygen content of less than 0.015% and 
titanium content of 0.02 to 0.5%, said titanium content 
being higher than 4 times of carbon content, to a hot 
rolling at temperature above 780° C., a subsequent cold 
rolling with a reduction rate of more than 30% and an 
annealing at 650 to 1000° C. 

The present invention relates to a process for the pro 
duction of cold-rolled steel sheets durable to severe press 
working. 

In general, a severe press working for forming parts 
having complicated shapes from sheet metal by using a 
punch and a die is usually expressed by the term “deep 
drawing.” However, the deformation of a material in 
“deep drawing” is not a simple deformation but a com— 
bination of various factors such as “drawing,” “stretching” 
and “bending” in various rates. 

Therefore, in the case of considering the problems 
about the press working of sheet metal, the press forma 
bility must be strictly separated into at least “drawability” 
and “stretchability” in accordance with the deforming 
mode to which the material is subjected. The drawing is 
characterized by letting the metal at the periphery of a 
blank (?ange portion) ?ow into a die hole as in the case 
of forming a cylindrical cup from a circular blank and is 
called “die-drawing.” On the other hand, the stretching 
forms a part having a desired shape by subjecting to a 
plastic deformation only a section contacted with a punch 
while preventing the metal at the ?ange portion of a blank; 
from being let ?ow into a die hole by applying a su?lcient 
blank-holding pressure or providing beads at the ?ange 
portion, and is called “punch-stretching.” 

Various steel sheets for deep drawing have been known 
at present but in the case of treating the formability of 
the steel, sheet, it is not always classi?ed into drawability 
and stretchability strictly speaking. / 

However, there is no direct relation between drawability 
and stretchability and hence in order to improve the 
workability of materials for press working, it is reason 
able to consider the production factors about both draw 
ability and stretchability. In fact, among various factors 
there are ones which improve the one property but reduce 
the other property. As a material for press working mainly 
consisting of drawing, a material having an excellent draw 
ability may be employed while as a material for press 
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an excellent stretchability may be employed. However, if 
it is possible to ?nd a material having an excellent draw 
ability and an excellent stretchability simultaneously, such 
a material will be widely utilized as a material for severe 
press working. 
The drawability is evaluated by the ratio of width strain, 

ew, and thickness strain, et, at tension test, that is a so 
called plastic strain ratio, r=ew/et, and if an average value 
of the plastic strain ratio, F, obtained by subjecting the 
samples cut into each direction in the plane of the sheet 
to a tension test, that is, an average plastic strain ratio is 
larger, the drawability is better. The average plastic strain 
ratio relates to the preferred crystallographic orientation 
of a material and in the case of steel sheet, if the density 
of (111) crystal plane and crystal planes near (111) 
plane accumulated in the rolling plane of the steel sheet 
is larger and if the density of (100) plane and planes 
near (100) plane is smaller, the average plastic strain 
ratio becomes larger. Also it is considered that the stretch 
ability is better if an Erichsen value (or Olsen cup value), 
an elongation by tension test, and a work-hardening ex 
ponent are larger, and if an yield point and an yield 
tensile ratio are low. 

Thus, the drawability and the stretchability relate funda 
mentally to the chemical composition of steel, the size, 
shape, and distribution of inclusions contained in the steel, 
or the crystal grain size and the textures of the steel. 
At present, a cold-rolled aluminum-killed low-carbon 

steel sheet for extra deep drawing quality has widely used 
in practice. Furthermore, there is a low-carbon steel 
wherein the drawability is improved by adding a speci?c 
element such as phosphorus, antimony and molybdenum 
whereby more (111)-texture preferable for deep draw 
ability is developed at annealing for recrystallization after 
cold rolling, but such a steel is inferior to the aluminum 
killed steel about stretchability. 

Moreover, by decarburizing low-carbon steel by open 
coil anneal process, a steel sheet having a drawability 
same as that of the aluminum-killed steel and a stretch 
ability better than that of the aluminum-killed steel, but 
if the steel sheet is not subjected to a denitriding treat 
ment at the same time, it is impossible to avoid the de— 
terioration of the stretchability owing to strain aging and 
the recovery of yield point elongation which cause the 
formation of stretcher strain at press working. Further, 
by the decarburization annealing, the crystal grains tend 
to be coarsened and hence by the press‘ working a defect 
so-called orange peel tends to occur. 

Furthermore, in the case where a speed for heating a 
material to an annealing temperature is high as in an open 
coil annealing or a continuous annealing, the develop 
ment of the (111) texture preferable for deep drawability 
becomes generally dif?cult. Further, in particular, in a 
continuous annealing, if the annealing temperature be 
comes higher than AC3, the crystal orientation becomes 
random, the drawability is extremely deteriorated, and the 
high cooling speed after annealing causes the increase of 
strain aging. Therefore, it is di?icult to produce a sheet - 
having both excellent drawability and stretchability by 
these processes. 
A principal object of the present invention is to provide 

a steel sheet having excellent drawability as well as ex 
cellent stretchability and non-aging property by de?ning 
the oxygen content to the below-stating range of an ex 
tremely low carbon steel containing titanium. 
Other object of this invention is to provide a process 
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for the production of a steel sheet having excellent 
drawability, stretchability and non-aging property even 
by conducting high speed heating in annealing, for ex 
ample continuous annealing in the treating process. 

Other objects of this invention will become apparent 
from the following descriptions and the accompanying 
drawings, in which: 
FIG. 1 is a graph showing the in?uences of heating 

rates up to annealing temperature on the textures of the 
cold~rolled steel sheet containing titanium of the present 
invention, a Ti-containing cold-rolled steel sheet beyond 
the range of this invention, and an aluminum-killed steel 
sheet for extra deep drawing quality after annealing, 
FIG. 2 is a graph showing the in?uences of the con 

centration of oxygen in steel on the average plastic strain 
ratio (7) in the case of subjecting the steel to a con— 
tinuous annealing of 870° C. for 4 min. and to a box 
annealing of 700° C. for 16 hrs., 
FIG. 3 is a graph showing the in?uences of the con 

centration of oxygen in steel on the axis density of 
( 111) diffraction peak in the case of subjecting the steel 
to a continuous annealing of 870° C. for 4 min. and 
to a box annealing of 700° C. for 16 hrs., 

FIG. 4 is a graph showing the in?uences of the con 
centration of oxygen in steel on the axis density of (100) 
diffraction peak in the case of subjecting the steel to a 
continuous annealing of 870° C. for 4 min. and to a 
box annealing of 700° C. for 16 hrs., and 

FIG. 5 is a graph showing the in?uences of the con 
centration of oxygen in steel on the total elongation in 
the case of subjecting the steel to a continuous anneal 
ing of 870° C. for 4 min. and to a box annealing of 700° 
C. for 16 hrs. 
The chemical composition of the steel of this invention 

comprises more than 0.001% (by weight) and less than 
0.020% C, less than 0.15% 0, more than 0.02% Ti 
(except Ti as Ti-oxides), said titanium content being 
more than 4 times larger than carbon content and less 
than 0.5%, and less than 0.45% Mn, the balance Fe and 
unavoidable impurities. 

If the content of carbon is above 0.02% by weight, 
there occur the increase of tensile strength and the reduc 
tion of ductility (stretchability) and further owing to the 
weak development of (111) texture, the average plastic 
strain ratio is reduced. Moreover, depending upon the 
combination of sheet manufacturing conditions, for ex 
ample, in the practice of 900° C. in hot-roll ?nishing 
temperature, 550° C., in coiling temperature and 850° 
C. for 5 min. in continuous annealing, yield point elonga 
tion is developed in the annealed steel sheet. Thus, since 
in the case of containing more than 0.02% of carbon 
the press formability of the steel is generally deteriorated, 
the content of carbon is preferably less but it is generally 
impossible in a steel making furnace of an economical 
scale to reduce the content of carbon less than 0.001%. 

In general, if the content of carbon in steel is reduced 
by re?ning in a steel making furnace, the content of 
oxygen in the molten steel is increased in reverse pro 
portion to the content of carbon, but if the content of 
oxygen in the steel of this invention is more than 0.015%, 
the press formability (in particular drawability) is remark 
ably reduced as will be mentioned below, and in par 
ticular, in the case where the steel is heated rapidly to 
the recrystallizing temperature at annealing, the press 
formability (in particular drawability) is very remark 
ably reduced. Accordingly, the content of oxygen in the 
steel must be reduced below 0.015 % by a suitable means. 

Since titanium is caused to react with carbon, oxygen, 
nitrogen, sulfur and the like, the content thereof is in 
?uenced by the amounts of these ingredients but if the 
contents of carbon and oxygen are de?ned as mentioned 
above and if the steel contains nitrogen and sulfur as 
impurities in steel obtained conventionally employed 
various steel manufacturing furnaces (S<0.05%, 
N<0.007%), it is necessary that the content of titanium 
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4 
except Ti as Ti-oxides thereof be more than 0.020%. 
It the content of Ti as Ti-oxides is high, (111) texture 
preferable for deep drawing is not suf?ciently developed 
at annealing for recrystallization even though the steel 
contains titanium in amount higher than that necessary 
for stabilizing carbon in the steel, and hence the draw 
ability of the steel is not improved. Further, if the content 
of titanium is larger than 0.5 %, the production cost for 
steel is increased in vain without providing further e?ects. 
The addition of manganese is not always necessary in 

the steel of this invention or the addition of it is un 
desirable since the average plastic strain ratio tends to 
be deteriorated by the addition thereof, but if it is neces 
sary to add manganese for making ingots of the steel of 
this invention, it may be added in an amount of without 
remarkably deteriorating the average plastic strain ratio 
or of about 0.45%. 
The steel of this invention may be produced by any 

furnace such as a converter, an open-hearth furnace, and 
an electric furnace, but since the steel containing less than 
0.020% of carbon and less than 0.015% of oxygen 
must be produced, it is pro?table in the points of facilitat 
ing the practice and improving the titanium yield to con 
duct a vacuum degassing treatment before ingot mak 
ing. At the vacuum degassing treatment a deoxydizing 
agent such as aluminum may be used supplemenetally for 
adjusting the content of oxygen. The residual aluminum 
in steel does not in?uence the properties of the steel of 
this invention. The steel is formed into ingot, rolled 
into slabs, if necessary subjected to slab condition, and 
hot-rolled in which the hot-roll ?nishing temperature is 
preferably above 780° C. The steel is then, after pickling, 
subjected to cold rolling and the cold reduction is desir 
ably, in particular, above 30% for drawability. As an 
nealing may be employed box annealing, open-coil an 
nealing or continuous annealing to provide a material 
having an excellent press workability but by employing 
a continuous annealing, a particularly excellent steel 
sheet can be obtained, which is a feature of this invention. 

Therefore, the invention is applied to the production 
of various surface treated steel sheets such as zinc-coated 
(galvanized) steel sheets, tin plates, aluminized steel 
sheets, etc., produced by a process including the con 
tinuous annealing step, of coarse materials having very 
excellent press formability. 
The annealing temperature is from 650° C. to 1000 

C., but a preferably annealing temperature is 650-950° 
C. in the case of box annealing or open-coil annealing 
and 750-980" C. in the case of continuous annealing. 
Temper rolling is generally omitted in this invention 

in the case of employing continuous annealing since the 
steel of this invention does not have yield point elonga 
tion in the as-annealed state but in the case of adjusting 
the ?atness of the sheet or providing a speci?c surface 
roughness to the sheet, the temper rolling is conducted 
with the minimum reduction. 

In Table 1 are shown the chemical compositions of 
materials used in various examples for explaining the 
present invention. These materials were hot-rolled into 
2.7 mm. in thickness and then cold-rolled into 0.8 mm. 
in thickness in the conventional process for the produc 
tion of steel sheet for deep drawing. Two types of anneal 
ing were employed in the examples, one of which tight 
coil batch annealing under the conditions of 700° C. 
for 16 hrs. and the other of which was continuous anneal 
ing under the conditions of 870° C. for 4 min. 
The mechanical properties of thus batch annealed sheet 

are shown in Table 2 and the mechanical properties of 
thus continuously annealed sheet are shown in Table 3. 
As shown in Tables 2 and 3, thus annealed sheets hav 

ing the chemical compositions in the range of this inven 
tion have very high average plastic strain ratio (F), 
high intensity of ( 111) difraction peak, low intensity of 
(100) diffraction peak, high Erichsen value, and high 
work-hardening exponent (n) from the view points of 
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However, the drawability and the stretchability of the 
steel in which the carbon content is in the range of this 
invention are remarkably better than those of steel P 
and steel Q. Further, these di?erences in the properties 

5 are more remarkable in the case of conducting a high 

both drawability and stretchability and on comparing 
with the properties of aluminum-killed steel of eXtra~ 
deep-drawing quality (hereinafter it is simply designated 
E.D.D.Q.) shown as steel T and steel U, the excellency 
of thus obtained steel of this invention Will become more 
remarkable. 

0 

temperature annealing such as continuous annealing. That 
TABLE 1.-OHEMICAL COMPOSITION OF MATERIALS USED IN EXAMPLES 

Total Ti as 
M11 P s01 Al Ti Ti-oxlde 

Sample 
No. 

plate 11-..“-.. 

0000000 00 m0000000 00 0.000.000.0000 21220412112 MOOOOOOOOOO OXUHQQQQQQQQO. 1211212222 @0000000000 00.000.000.000. 4234.221 22 MOOOOOOO O0 000.000.00.000 6 562068 3 %0 lolgooml 
Ti-eontaining cold-rolled steel 
w ithin the range of the present invention B 

00.0.0.0.000 0000100 OUOUOOOM 0000.00.00“ 1221222 0000000 21 2212 00 0000 0.0.O.0.0.O.QO. 2314.233 onooooow 00.000000 55605 0000002 1% 0000.00.00. 
Ti-eontaining cold-rolled steel plate L..__...._ 
outside the range of the present M__..._._ 
invention. N__..___. 

2 0 43 33 0.0. T________ 0. 039 
U__,_,___ 0.046 

E.D.D.Q. Al killed steel. 

_ Axis Axis 
Eriehsen Aging Density Density A.S.T.M. 

value Luder’s index of (111) of (100) grain 
r (mm.) strain (kg/mm.) peak peak size No, 

TABLE 2.—MECHANICAL PROPERTIES OF BATCH-ANNEALED MATERIALS 

Total 
elongation Work 

Yield Tensile (percent in hardening 
point strength 50 mm. exponent 

(kg/mm.) (kg/mm.) G.L.) (-n) 
Sample 

580910608335478467381 3234415334459900772865 0.O.0.O.0.0.O.0.0.0.0.0.0.LL0.0.LQO.0. 0.18852207848508644155 1210 021 0076050085889 1111 111 11 100102000020010022100 0.O.0.O.0.0.0.0.0.0.0.0.0.QO.0O.2.L0.0. 000000000000000009024 3:414“ 114038460360739880032 16.2775463509850512759 90088708800004.333662567 LZlLLLZLLLLLLLLLLLLLL 814518321355075323703 78767687676M311330355 22222222222 22n429~2222 000000 ZLZZ .2.3.2.3.Qw4n4“7.5.0. . 3333 3333 3333333333 587502611865900052656 2. .2.2.23.L2.3.&2.&24“An7.&&7.1“& 1 111111111111111219g1 
llll 

M_____-____ 
N___________ 
O_____._____ 

B___________ 
C_____.____. 
D________.._ 
E_____.____ 
F_______.___ 
G___________ 
H______.-_._ 

“?ow stress at 0.2% strain.” 

_ _ Axis Axis 

Erlehsen Aging Density Density A.S.T.M. 
value Luder’s index of (111) of (100) grain 

r (mm.) strain (kg/mm.) peak peak size No. 

Remarks: 1 Indicates “lower yield strength” and the others in the column “yield point” indicate 

TAB LE 3.—-MECHANICAL PROPERTIES OF CONTINUO US-ANNEALED MATERIALS 

Total 
elongation Work 

Yield Tensile (percent in hardening 
point strength 50 mm. exponent 

o. (kg/nun.) (kg/nun.) . . (—n) 
Sample 

1122332223399116748 O.O.O.0.0.O.0.0.0.O.O.0.O.LLO.0.L0. 8754580801985855425 rmnu??wzmdnliiidnoml?inmomkvh 11111111111 0002103002010002071 O.0.O.O.0.0.0.0.0.0.O.0.QO.O.0.0.2.L 0000000000000007325 3.4“:w2. 88079504466753889702 ZZ3.2.2.2.3.Z222.LL9.9.Q0.QL 1111111111111 1111 1707755026952272181 3442214322165327715 2.222.222.222ZLLLLLLLL 
Remarks: 1 The same as in Table 2. 

Thelinvelltiol'l will now be explained by the following 70 is, on comparing Table 2 with Table 3 it can be under 
eXamP 65- stood that the d'lf r c of th t' 

Steel P and steel Q in which only the content of carbon of thi . t. 1 5 en :2 fe prpper les 10f he 1036; 
is higher than that of the range of this invention have al- 5 mvm Ion mm 086 0 Vanous stee S’ In W N 
most same drawability and stretchability as those of alu- not only the Content of carbon but also the Content of 
minum-killed steel of E.D.D.Q. in mechanical properties. 75 other ingredients are different from those of the steel of 
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this invention, become more remarkable in continous an 
nealing than in batch annealing. 

Therefore, the contents of carbon and other elements 
are de?ned in this invention for obtaining very excellent 
materials even by continuous annealing. 
The pro?tability of the continuous annealing consists 

of two factors. In general, the factors in annealing proc 
ess which control the development of annealed texture 
are a heating rate up to annealing temperature, an anneal 
ing temperature, and a holding time at the annealing tem 
perature. In general low carbon steel, the development 
of (111) texture preferable for deep drawability is more 
remarkable as the heating rate is lower, and hence con 
tinuous annealing by rapid heating is unsuitable as an 
annealing procedure for steel sheet for deep drawing. 

However, the development of (111) annealed texture 
of the cold-rolled steel containing titanium in an amount 
in the range of this invention is not in?uenced by the 
heating rate. Also, the cold-rolled steel containing tita— 
nium in an amount of the range of this invention has a 
keen susceptibility of the development of (111) texture 
for annealing conditions and hence the development of 
(111) texture of the cold-rolled steel sheet of this inven 
tion is remarkable as compared with that of a cold-rolled 
steel sheet containing titanium in an amount beyond the 
range of this invention. These relations are shown in 
FIG. 1. 

The cold-rolled steel containing titanium in the amount 
of the range of this invention strongly developes (111) 
texture in the plane of the sheet even if it is continuous 
annealed, while a cold-rolled steel containing titanium in 
an amount beyond the range of this invention and a gen 
eral cold-rolled low carbon steel do not develop the 
(111) texture by the reason to be rapidly heated to con 
tinuous-annealing temperature. 

Furthermore, in the steel sheet of this invention, the 
higher concentrating of (111) planes in the plane of the 
sheet are developed it the steel is continuous-annealed at 
higher temperatures which can be attained in only con 
tinuous annealing line than in conventional batch-type 
annealer. 

However, the most important factor in this invention 
is the content of oxygen. As mentioned above, if the 
oxygen content in steel is higher than 0.015% by weight, 
the press formability (in particular drawability) is 
markedly deteriorated. For clearly showing this point 
about the examples, the relations of the oxygen content 
with the r value, the intensity of (111) diffraction peak, 
and the intensity of (100) diffraction peak as the most 
suitable criterions for drawability are detected from Table 
2 and Table 3 and they are shown in FIG. 2, FIG. 3, and 
FIG. 4 respectively. In the relation of the r value and 
the oxygen content shown in FIG. 2, there is a general 
tendency that the 7 value is reduced as the increase of 
the oxygen content but in particular the change is remark 
able at the oxygen content of about 0.015%. Further, this 
tendency becomes more remarkable in the case of a high 
temperature annealing such as the continuous annealing. 
This is a similar tendency as in the case of the Fvalue 
about the relation of the oxygen content and the intensity 
of (111) diffraction peak shown in FIG. 3 and the rela 
tion of the oxygen content and the intensity of (100) 
diffraction peak, and the proportions of (111) orientation 
which is preferable for drawability and (100) orientation 
which is unpreferable for drawability are changed sud 
denly at the oxygen content of about 0.015%. This is con 
sidered to be caused by that the greater part of oxygen 
in the Ti-containing steel sheet is converted into a titanium 
oxide. As the titanium oxide, there are various ones such 
as TiO, Ti2O3, TiOZ, etc., and these oxides have different 
crystal structures by the kind thereof. 

For developing an aimed texture, a base for generating 
it and growing it is necessary .In general, non-metallic 
inclusions such as oxides are considered to give in?uences 
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on the mechanism for growing the texture rather than on 
the action of generating the nucleus of the texture. 

It‘is well known that as an inhibitor of migration of 
both sub-boundary and grain boundary, the crystal struc 
ture and the habit plane of the inhibitor (nitrides, car 
bides, oxides, etc.) as well as the size and the distribution 
play an important role. It is commonly considered that 
when only the in?uences of the size and the distribution 
appear as relation as shown in FIG. 2 to FIG. 4, the re 
lation is in linear. Accordingly, the drastic change in the 
cold rolled sheet steel containing titanium in the amount 
of the range of this invention at the oxygen content of 
about 0.015 % by weight is not caused by the size and the 
distribution of the oxides de?ned by the oxygen content 
but is assumed to be caused by the change in the composi 
tion of titanium oxides in steel. Therefore, it is con 
sidered that the oxides existing in an amount of oxygen 
less than 0.015% does not hinder the growth of the 
crystal grains (including recrystallizing nuclei) having 
(111) planes in the plane of the sheet. 
Such in?uences by the change of the compositions of 

the oxides do not appear in the mechanical properties 
such as stretcha‘bility. For example, in regard to the 
relation of elongation and the oxygen content shown in 
FIG. 5, the elongation is decreased almost linearly as 
the increase in the oxygen content. This may be due to 
the reason why the movement of dislocation in plastic 
deformation and the work-hardening occuring therefrom 
‘are most strongly in?uenced by the size and the distribu 
tion of oxides but are scarcely in?uenced by the oxide 
composition and the like. 
As clearly shown fro-m the examples about steel R and 

steel S, it is necessary that the content of titanium except 
the Ti as Ti-oxides be above 0.02% by weight. 

In the case where the titanium content is less than 4 
times of the content of carbon (e.g., steel R), the quality 
of the steel is inferior to that of commercial quality 
rimmed steel. The lower limit of the titanium content is 
based on the fundamental concept that the presence of a 
proper amount of free titanium in steel is a factor for 
keeping the excellent qualities of the steel of this inven 
tion, which is supported by the examples. 
As mentioned above about the constitutional factors of 

the present invention, the cold rolled steel containing 
titanium in the amount of the range of this invention is 
a very excellent sheet and has the properties markedly 
superior to those of conventional steel sheet for deep 
drawing. Further, when a conventional steel sheet is in an 
annealed state although it is aging steel or non-aging steel, 
the yield point elongation always appears and hence for 
removing it temper rolling must be applied. However, in 
the Ti-containing cold rolled steel sheet of this invention, 
n0 yield point phenomena occurs even if it is annealed 
by any annealing process (for example, by a batch anneal 
ing or continuous annealing) and hence the temper roll 
ing process for preventing the occurrence of stretcher 
strains is essentially unnecessary. Furthermore, no strain 
aging of this steel, of course, is observed by applying any 
aging treatment and the yield stress is little in?uenced by 
the grain size. 
As mentioned above practically about the examples of 

this invention, the Ti-containing cold rolled steel by the 
present invention has very excellent properties as com 
pared with conventional steel as the sheet for severe press 
forming. 

Having thus described the invention, what is claimed is: 
1. A process for the production of a cold rolled steel 

sheet which comprises hot rolling at a temperature higher 
than 780° C. steel comprising 0.001—0.020% (by weight) 
C, less than 0.45% Mn, less than 0.015% O, and 0.02 
0.5% Ti except Ti as Ti-oxides, said titanium content 
being higher than four times of the carbon content, the 
balance Fe and unavoidable impurities, cold rolling it 
with a reduction of more than 30%, and then annealing 
it at a temperature of from 650° C. to 1000‘7 C. 
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2. The process as claimed in claim 1 wherein said cold 

rolled steel sheet is subjected to box annealing or open 
coil annealing at a temperature lower than 900° C. 

3. The process as claimed in claim 1 wherein said cold 
rolled steel sheet is subjected to continuous annealing at 
a temperature of from 750° C. to 1000° C. 

4. The process as claimed in claim 1 wherein said steel 
sheet comprises 0.001—0.020% (‘by weight) C, less than 
0.015% O, and 0.02-0.5% Ti except Ti as Ti-oxides, 
said titanium content being higher than four times of the 
carbon content, the balance Fe and unavoidable impuri 
ties. 
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