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. pipes or cavities and Segregation. 

15 

.. found to eliminate or practically eliminate · 
' the blow holes and cavities from that por-, 

40 

.secure a shell or envelop ductile and thick 

· prevent objectionable or excessive segrega 

. Be. it known that I, BENAMrIN_TALBOT', 
a British subject, residing at Woodburn, 
Darlington, Durham county, England, have 

| invented an . Improved Process of Treating 
'Steel Ingots, of which the following is a 
Specification. ~ 

This invention relates to an improved 
process of treating steel ingotS for the pur 
pose of eliminating Or greatly reducing 

" The process comprises the operations of 
stripping the ingot while its center is still 
fluid, heating it in a furnace or Soaking pit 
at Such temperature and for Such time as to 

enough to work without rupturing, ' ' and 
Squeezing it So aS to ' reduce the croSS-Sec 
tional area and effect consolidation while 
the interior.of the ingot is fluid and the shell 
or outer strata can be · compresSed without 
rupturing. These operations have been. 

tion of the ingot (say. 85 to 90% of its 
weight) which it is desired to retain, and to 
tion, effecting a desired diffusion of the car-, 
bon, sulfur and phosphorus. in , the maSS of 
the metal, so that when the ingot is_finally 
rolled - out into a desired shape" there is a 
desired disposition of such carbon and other. 
elements, and moreover, little or ' no tend 
ency to the formation of splits , or lines of 
weakness in the finished product. ~ 
" .. When an ordinary steel ingot is allowed. 
to go º cold it will be found that the metal; 
composing the body of the ingOt, is far from 
being either solid. Or homogeneOus; Small" 
cawities' and blow holes will found Scat 

| tered unevenly over the upper third of the 
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ingot. These blow holes rarely occur at" 
the surface - and, in order to detect them, it: 
is necessary to cut the ingot open. If a : 
cross-section of the ingot be chemically ex-- 
amined it will be found that very consider 
able differences exist in the amounts of car 
bOn, Sulfur and phosphorus in metal taken 
from different parts of the section. The 
most impure portion of the ingot will be 
found to be the center of its upper third 
part. The tendency of the impurities in 
the molten steel to move inward and up 
ward in the ingot as it solidifies is generally 
known as Segregation. Such segregation is 
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generally objectionable and frequently pro- . 
| duces defects of dangerous character in' the 
finished products, especially. in rails, forg 
ingS and the like. To obviate the forma 
tion of these blow holes and to prevent ex 
cessive Segregation, it has been'customary 
to add some powerful deoxidizer to the mol 
ten steel either in the furnace, or in the 
ladle, or in the mold after it has left the 
furnace. Such deoxidizers are metallic alu 
minium, Silicon, -- ferro-silicon, silico-man 
ganese and ferro-titanium, which are use 
ful in eliminating Small blow holes scat 
tered through the steel, as well as in pre 
venting exceSSive Segregation, but they have 
the disadvantage of causing the , formation 
of a large cavity. · · · · · · · · · 

In order to eliminate or . obviate the for 
mation of the ca.wity or pipe, particularly 
from that portion of the ingot ' (say' 85 to 
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90% of its weight) retained for use, and to · · 
stop or greatly, leSSen the Segregation of the ' 
impurities .. which has heretofore obtained 
under the most favorable conditions, the 
ingOt, whose metal has... preferably been 
treated with "one of the deoxidizers specified, 
is, according to this inventton, stripped 
when the Outer strata, have · hardened suffi-- 
ciently and , removed to a heating furnace 
or soaking pit while its. center is still in a .. '' 

• fluid ), condition, where it is .. subjected to . a 
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heating operation at a · Sufficient'' tempera - ' 
ture - and for a sufficient time to bring, the 

* envelop or · hardened shell to a workable 
'| condition of ductility while permitting_the 

outer strata of the fluid interior to solidifw 
so as to increase the thickness of the ductile 
envelop for the still fluid center. The ingot 
is · then subjected to* lateral presSure * Or a 
Squeezing Operation. which reduces the croSS 
Sectional area." So as to compensate : for the 
contr?ction which results within the maSS 
due to cooling, to effect consolidation which · 
prevents the , formation of the usual cawity 
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100 
or pipe, and to effect the disSemination of ??' 
the impurities in a comparatively uniform * 
manner so as to obwiate the usual Segre 
gation. The desired results 'are obtained by 
the application of lateral preSSure so as to 
reduce the cross-sectional area of the upper 
third only of the ingot, as well as by the 
application of pressure so as to reduce the 
cross-sectional area of the ingot through 
out its length." The pressure may be 'ap 
plied by a few passes in a cogging mill, 
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SO as to reduce the cross-Sectional area of 
the ingot, or of , a part of it. It will be 
found, as the result of this treatment, that 
the formation of the usual long . taupering 
ca wity has been prevented' and that. the Small 
ca wity or cavities which may have formed 
are confined to the extreme upper end of 
the ingot, where they are cut off in a small 
crop. It will also be found that a faint line 
`of Segregation " exists some few inches from 
the sides of the compressed ingot, but the 
actual center of the imgot, 'in that portion 
where Segregation · generally forms, will be 
found to be even purer than the average of 
the whole ingot, which is · directly opposite 
to what usually takes place. ~ 

-After Sufficient, pressure has been applied, 
' the Compressed iangot will usually be re 
tttrined tOthe heating furnace or soaking pit 
for diffusion of heat, and to permit its cen 
ter tO.solidify, but the rolling down may be 
finished without returning it to the pit or 

x furnace, when it is judged that this may be 
· Sat fely done owing to. the solidifying of the 
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fluid or nearly fluid interior. 
By. Stopping the segregation at a point 

butt little ' removed from . the outside of the 
ingOt, and Obtaining a purer and therefore 
SOfter center, there is.brought about a very. 
considerable advantage - when the pressed in 
got ' is rolled down into a shape, particu 

| larly a rail, which will be found' to be lower 

' 85 
? these characteristics, possessed of 
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in carbon and · · plaosphorus - in .' the center 
tlhaia in the outer strata. - Such rail, of softer 
Center and harder. exterior, is, by ', reason of 

greater 
wearing qualities and greater toughness than 
the ordinary rail, and, by reason of the elimi 
|nation of the usual Segregation, free from 
hidden flaws and .faults liable to cause se 
rious accidents... – x ' ... ... 

In_steel which has been treated by an elec 
trical refining process the amount of segre 
gation usually observed is small, but, the 
cawity forms in the same way as in steel 
made by the Bessemer or Siemens processes, 
and the present invention can · be equally 
well applied to the reduction of the cavity 

'' : found ? in , such electrically produced steel 
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ingot. * '' • • ^ 

In the accompanying drawings, Higure 1 
represents a longitudinal Sectional.view of a 
typical steel ingot having a cavities in , its 
upper part; lFig. 2 represents a longitudinal 

| sectional view of a typical ingot of steel that 
has been treated with a deoxidizer ; : Fig. 8 
is a transwerSe sectional, wiew of a rail con 
taining flaws such as- result .from.cavities or 
pipes in ingotS; Fig.4. is a longitudinal Sec 
tional view representing a steel ingot hawing 
a solidified envelop_and_a fiuid center such 
as obtain after stripping; Fig. 5 is a longi 
tudinal sectional view representing the ingot 
that has been heated to soften. its envelop 
while permitting. the same to increase in 
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thickneSS; Fig. 6 is a longitudinal sectional 
view representing the imgot or bloom pro 
duced by the application of lateral presSure 
to the ingot in the condition shown in Fig. 5; 
and Fig.f is a longitudinal sectional view 
representing the product obtained by squeez 70 
ing the upper part of the ingot shown' in . 
Fig. 5. ~ 
AS illustrated in Fig. 1, the ingot A, of 

Steel which has not been treated 'with a de 
Oxidizer, is commonly found to' contain the 
ca.wities_a in the - upper part-thereof due to 
confined gases and shrinkage in the process 
of cooling, while. a Section 'a' is gpmmonly. 
found in which the steel is defectiýe due to 

| the Segregation of carbon, sulfur and phos 
phOruS Or Some of these elements. " " As illus 
trated in Fig. 2, the ingot B, composed of 
steel which has been treated with a deoxi 
diZer', is generally free of blow lholes and 
comparatively Solid, excepting in the center 
of its upper third, where comparatively 
large CavitieS Qr pipes b · form and segre 
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gated carbon, phosphorus and sulfur form a . 
Section Ö” of defective metal. . . It will be un 
derstood that each of these ingots will pro 
duce defective products (unless a large part 
thereof is cropped and discarded)' when 
rolled Or Otherwise formed into shapes, be 
cause the defective interiors .. cannot be 
brought back to fluid condition by reheating 
for rolling Or to a condition which will per 
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mit the metal to be diffused, mingled and " . 
united SO as , to dissipate the · segregate or 
eliminate the flaws, and while there is great 
waste in discarding the defective top, there 
is great danger that the whole of the defec 
tive metal may not be contained' in the dis 
card, because of the hidden character of the 
flaws. ^ ?x 

AS illustrated in Fig. 8, the rail C, rolled 
from. the ingQt B, contains, the splits or 
cracks c resulting from defects in the ingot. 
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In Fig. 4 is represented a stripped ingot ” 
ID having a solidified envelop d, gompara— 
tively thin, and a liquid centerd', with a 
partially developed ca.wity d° in , the .. top 
thereof, due to confined gases and shrinkage. 
In counpressing this ingot, by applying lat 
eral pressure thereto, it is found in practice 
that the envelop d is too thin , and hard to 
work, with the result that such enwelop is 
liable to bulge or rupture, the fiuid metal is 
liable to escape, and the finished product 
contains cracks or fisSures in the outer strata 
thereof. It has therefore been found; neces 
Sary in practice to subject, such ingot tO 8a 
heating operation with the production of 
the ingot E having the envelopé, and the 
fluid center 'e' in the top of which is shown 
the partially formed pipe |¢°. This envelop 
has been heated so that, the metal therein is 
sufficiently ductile or plastic and sufficiently 
thick to work withoutrupturing or cracking 
The ingot shown in Fig.4 is approximately 
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20” across the base while the solidified metal | imgots which consists in stripping the mold 
Of the enwelop is, say, 1” in thickness, and 
the solidified but ductile envelop of F'ig. 5 ?? 
is, say, 8'' in thickness. These dimensions 
aI'e, howewer, to be understood as iklustra 
tions merely and not limitations. 
When the ingot shown in Fig. 5 is Sub 

jected to lateral preSSure SO as to compen 
sate for the internal shrinkage, it will, if 
such pressure is applied throughout ', its 
length, produce the 'ingOt, or bloom F 
Solid throughout its entire length, except 
ing Small ca writies f in a limited part of 
itS tOp, the central part #” of the in 
got being free from Segregates, the outer 
strata f* higher in carbon than the part 
f', and a stratum slightly higher in car 
bOm, phOSphOrus and sulfur lies adjacent to 
the part f” and within the strata #°. If the 
top part Only of the ingot E is reduced in 
cross sectional area, it will be found that in 
the resulting ingot G there is a pure and 
solid center |¢ in this part with the outer 
strata ¢/^ higher in carbon, phosphorus and 
sulfur than the center, while the remainder 
of the ingot is undisturbed. 
Having described my invention, I claim : 
1. The improved process of treating steel 

ingOts which consists in stripping the mold 
from the ingot while its interior is still in 
a fluid condition, heating said ingot so as 
to sOften the outer solidified strata and per 
mit the same to become thicker, and squeeZ 
ing the ingot thus heated while the interior 
thereof is still liquid so as to reduce the 
crOSS sectional area of its top. 2. The improved process of treating steel 
ingots which consists in stripping the mold 
from the ingot while its interior is still in 
a fluid condition, heating Said ingot So as 
to Soften the outer solidified strata and in 
creasing the thickness of such strata by the 
solidification of the adjacent fluid metal, . 
and applying lateral pressure to the sides 
of 'Said ingOt So as to reduce its cross sec 
tional area and substantially eleminate the 
usual cawity. 

8. The improved process of treating steel" 

from the ingot while its interior is still in 
a fluid condition, heating Said ingot So as 
to soften the outer solidified shell and permit 
the thickness thereof to be increased by the 
cooling of the adjacent fluid metal, and 
preventing segregation in the central part 
of the top of the ingot by applying lateral 
pressure to the sides adjacent thereto and 
pressing the same inWardly while Said shell 
is ductile and said interior is fluid. 

4. The improved process of treating steel 
ingots which consists in stripping the Same 
while their interiors are still fluid, heating 
them so as to soften the outer enwelop While 
permitting it to increase in thickness, and 
squeezing the upper section only of Such 
ingots so as to reduce the crOSS Sectional 
area thereof while the center is still fluid. 

5. The improved process of treating Steel 
ingOts which consists in stripping the Same 
while their centers are still fluid, heating 
them so as to soften the Outer enwelop, 
Squeezing said ingOtS SO as to reduce crOSS 
sectional areas thereof while the interior is 
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still fluid, and reheating the resulting prOd-- . 
ucts for the approximate equalization of 
the heat and the condition of the metal 
therein. ~ 

6. The improved process which consists in 
treating steel with a deoxidizer and form 
ing an ingot thereof which shall have blow 
holes eliminated from the outer enwelop, 
heating said ingot while the interior is still 
fluid so as to increase the ductility of Said 
enwelop while permitting the same to be 
come thicker, and subjecting said ingot to 
a squeezing operation. So as to reduce its 
cross sectional area while its center is still 
fluid. 
In witness whereof I have hereunto Set 
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my hand in the presence of two subscribing 90 
witnesses. 

BENJAMIN TALBOT. 
Witnesses: 

WILFRED W. GRowES, 
CHAs. J. R'ALCONER. 


