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Thisinvention relatesto the art of convertingingots of 
heat-sensitive alloys?in particular heat-Sensitive non 
ferrous and ferrous ailoys?into plates sheets rods barS 
or other standard shapes. By “heat-Sensitive" is here 
meantalloys havinga relatively narrow temperature range 
of“hot-working." IHustrative but non-liniting examples 
of heat-sensitive alloys the conversion of which is Very 
Substantiaily improwed by the carrying out of the preSent 
invention are nickel-base alloys of the so-called“unwork 
able” class?“Udimet 700,”“Udimet 500,” a variety of 
titanium ailoys and certain cobalt-containing Steels and 
certaia tool steels of which “BR4”is an outstaading eX 
ample. 

?n the conventional procedure the conversion ofingots 
of such heat-sensitive alloysis relatively slow and labo 
rious. Thisis because these alloystend to become em 
brittled dtie to cooling during the working Steps and 
their conversion conventionally requires Very frequent 
“coaditioning" steps betweenstages of reduction Again, 
ia following the conventional conversion procedüre?CoB 
ditioningoperationstoremove Surface rolltears-especial 
ly tears at billet corners?necessarily are numerous re 

?tiagin loss of vaiuable material (alloy) as wellas con 
tributingto high labor cost For example in converting 
to one inch bar stock an ingot three and three-eighths 
inches in diameter of a non-ferrous nickei-base alloy, 
having the following approximate composition: 

ALLOY COMPOSHTION #1 
Percent 

Cr-----------------------????????????? 14.0-17.0 
CP-------------------------??????????? 13.0-20.0 

4.5-5.5 

%” diameter Xtaper. 
Roll to 2?4” Square?%8” reduction per heat?5 

Condition allover. 
Roll to 2%” Square?% (4) ** 

heatS. 
(5) 
(6) 

heats. 
(7) 
(8) 

heats. 
(9) Condition all over. 
(10) Roil to 1?8” Square?%” reduction per heat?2 

heats. 
(11) Condition all over. 
(12) Roll to final bar?centerleSS grind. 

reduction per heat-5 

Conditior all Over. 
Roll to 1%” square?%” reduction per heat?4 

Condition ail over?Crop hottop. 
Roll to 1%” Square???” reduction per heat?2 

Sunimary 
(a) 19 heats?18 cogs?1 final roll 
(b) 5 laydowns for conditioning 
(c) Standardyield 48% of poured weight ofingot. 
I have discovered thatif loss of heatfrom the heated 

heat-sensitive alloyingot-andespecially the settingup of 
a relatively steep thermal gradient as between the interior 
of the ingot and its Surface layer?can be Significantly de 
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layed if not prevented the workability of the alloy metal 
is (or may be) greatly improved. I made this discovery 
with reference to“cladding"the ingotwith a thick-walled 
enVelope more particularly with a thick-walled eavelope 
of iow-carbon Steel. I found thatingots so protected can 
be converted (cogged rolled ground) with a minimurn 
of laydowns for conditioning and with heavier reductioa 
per heat and at the Same time with a very materially 
largeryield of product based on the poured weight of the 
ingot Aswill ofcourse be understood by anyoneskilled 
in this art?the composition of the envelope used in this 
Way must beinertatallworkingtemperatures. 
I have found that the advantageous thermal barrier 

efect of the envelope can be realized with a great Saving 
in over-all costs by carrying out the improved procedure 
aboutto be described. My improved procedure consists 
eSSeatiallyin (a) enveloping the ingot within a relatively 
Very thick-walled sleeve of Suitable metal e.g. steel (i.e.? 
a "can" havinga Wall thickness ofthe order of 0.75 inch); 
(b) Subjecting the "canned"ingotto an extrusion or deep 
drawing operation which reduces the diameter of the 
Sleeve and brings the latter into the mostintimate over 
all contact with the Surfaces of the ingot; (c) hot-rolling 
the "canned" ingot nearly to desired dimensions of the 
enveloped billet of heat-sensitive alloy; (d) stripping of 
the "can"; and (e) rollingto final dimensions and ceater 
1essly grinding In SOme fact situations a conditioning 
Step may be desirable between steps (d) and (e)?but I 
have found that?in general-no conditioning step is 
necessary at this stage I have found in actual practice 
that the number of re-heats may be lessened by as much 
as 80 percent and that the over-ail“yield" offinished 
Stock may be increased from the “conventionalyield" of 
Say48% to as much as 60-65%? 
The invention will now be described in fürther detail 

and with reference to theaccompanying drawing in which 
The single figure diagrammatically represents an op 

erable mode of carrying out the principles of the present 
invention, 

In the drawing 1 represents a six inch (I.D.) steel 
Bipe having a wall thickness of approximately 0.75 inch, 
into which there have beenslipped threeingots?2?2' and 
2” of the aforeSaid nickel-base aloy eachingot having a 
dianaeter of 5.75 inches and each representing approxi 
mately 96 lbs of alloy The ingots had been hot top 
Cropped prior to insertion into the pipe the length of 
which latter had been chosen so that the pipe would 
Snugly accommodate the three ingots. The eads of the 
pipe Were Sealed Shut by means of circularsteel discs 3, 
3' welded at 4?4?4'?4'?to the ends of the pipe 1. 
?n Carrying out the procedure the cylindrical ingots 

2?2'?2”are castin Specially prepared molds are hot top 
cropped and then areslidinto the thick-walled steel pipe 
1 as many ingots being placed in each pipe as needed 
for producing an eXtrusion billet of any desired length. 
The ends of pipe 1 are sealed shut by welding on discs 
3?3' of 0.5 inch steel plate. 
The resultingarticleis then extruded or drawn through 

a round die having Such a diameter-preferably about 
3.5 inches?that the diameters of steel pipe 1 and ingots 
2?2' and 2”are So reduced that the pipe is pressedinto 
the most intimate over-all contact with the contained in 
gots thereby producing a master billet 3.5 inches in 
diameter Then the extrusion usually is cut to appro 
priate lengths of clad billet pieces. 
These clad billet pieces are rolled through a cogging 

mill to 1.25 inches Square in one (I) heat Thereafter, 
the steel pipe ("can") is removed from the bar-shaped 
pieces by high-temperature Scaling in a heat-treatment 
furnace or by mechanical Stripping or by pickHing or 
grinding or by a combination of two or more of these 
measures and the bar-shaped pieces may-butfrequently 
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need not?be finally conditioned all over and if neces 
sary rolled to final dimensions. Finally the pieces may, 
if desired?be centerlessly ground and be conditioned all 
over and finish-rolled. 
My improved procedure may be compared.with the 

hereinabove “standard" procedure as follows: 
Improyed Procedure 

Cast 534” diameter x96# ingot. 
Crop hottop. 
“Can”in 5%”I.D.x7?4”O.D.pipe (3ingots per 

(1) 
(2) 
(3) 

Can). 
(4) Extrude or draw to 3??” diameter. 
(5) Roll to 1?4”square?1 heat. 
(6) Strip“can." 
(7) Heat and roll to final bar. 

Summary 
(a)3 heats?1 extrusion, 1 cog?1 final rol. 
(b) Yield60%-65%? 
As will be appreciated the improved procedure of the 

presentinvention reduced the heats from 19 to 3, dimin 
ished the laydowns for conditioning from 5 to none and 
increased the yield of product from the conventional 
yield of48% to 60-65%? 
The presence of the thick protective cladding provided 

a unique thermal barrier effect minimizing the tempera 
ture diferential between the surface and interior of the 
ingots (or billet pieces). It appears that for realiza 
tion of the efectiveness of this invention?itis necessary 
that the thermal barrier wall have a thickness of at least 
?% of aninch afterthe lastrolling operation Preferably 
the thick-walled thermal barrierhas a wall thickness of at 
least 34 of an inch at the start and a wall thickness of 
at least ?4 of an inch after the extrusion or drawing 
Operation, and a Wall thickness of ?46 of an inch after 
repeated rollings. This is in contrast to conventional 
“canning" in which the Wal thickness may be as much 
as 0.06inch atthestart and be reduced to 0.01 inch after 
extrusion and ending up with a wall thickness of about 

-0.001 inch at the conclusion of the rolling operations. 
Due to the efficiency of this thermal barrier reductions 
from 3.5 inches diameter to as much as 1.25 inch have, 
to date been routinely efected without re-heating and 
without Surface tearing and greater reductions appear 
probable This is in contrast to a maximum of 0.125 
inch reduction?per heat in the case ofun-cladingots of 
the Same alloy composition In addition ingots of the 
heat-sensitive alloys have been converted to round (or, 
Square) barstock without any intermediate orin-process 
conditioning. 

Bythe“routine"protecting ofthisimproved procedure, 
I have converted 5.75 inch ingots to 1.125 inch billets 
with a“weightyield"value of80.0% based onthe poured 
weight of the ingots. 

In the above illustrative example the “envelope” con 
Sisted of low-carbon steel. It is to be appreciated that 
the mostimportant feature with respect to the envelope 
is that the Same must be materially more malleable than 
is the enshrouded alloy composition being rolled Aside 
from this criterion and from the obvious criterion that 
the enshrouding material must be“inert"with respectto 
the composition of the clad billet there appears to be no 
limit to the composition of the enshrouding metal. 
Inthe above disclosure ithas beenemphasized thatthe 

conversion of the ingot or billet while enshrouded in 
relatively very thick-walled envelope prevents the genera 
tion of cracks?eSpecially the generation oftears at billet 
corners-during the working of the billet to final form. 
Another and very Surprising result of the carrying out of 
the process of the presentinvention is the lessening of 
the load necessary for converting the ingot or billetto 
final form. Thus I have found that rolling with the 
“thermal protector" of the presentinvention reduces the 
mill (power) load by as much as 40% enabling conver 
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4 
sions to be carried out on equipment which normally 
would be inadequate I believe that the diminution in 
power requirement stems from the circumstance that the 
cogging rolls readily“bite"into the relatively very malle 
able envelope material-thereby clearly promoting the 
rolling operation?as opposed to the unclad Surface of 
the ingot or billet being converted. 

Itis to be appreciated then, that the practice of the 
presentinvention serves very substantially to lower the 
over-all cost of converting heat-sensitive alloy ingots and 
bilets. * - 

The extrusion step may be carried outusing conven 
tional apparatus and following conventional extrusion 
procedure The cogging millused for rolling the clad 
billet pieces may be equippedwitheither diamond square 
orgothic passes. - 

It is to be appreciated that the improved process of 
the present invention is not restricted to converting in?? 
?gots of any specific size or form or of the specific alloy 
composition chosen forillustrative purposes in the above 
Specific example Rather the procedure is equally ap 
plicable to heat-sensitive alloys generally including-as 
further illustrations of the scope of operability of the 
process?the following particular compositions: 

Balance substantially all Fe. 
Finally itis to be explained that the hereinabove de 

scribed “thermal barrier efect”is not realized by con 
Ventional cladding of the sort adapted to prevent un 
wanted oxidation of the metal undergoing conversion?in 
which conventional procedures an ingotis clad with a 
shell of relatively thin sheetmetal e.g?a steel sheet of? 
Say 16-20 gauge While Such thin claddingis quite op 
erable for sealing the ingot from the atmosphere?itis 
quite incapable of efecting any appreciable lessening of 
chilling (of the ingot) to below the criticaltemperature 
(ductile to brittle) Thus in a comparison of the im 
proved conversion procedure of the present invention 
with the conversion of an ingot conventionally cladin a 
16-20 gauge "can." I found that the necessary heats 
were reduced from say 19 (forun-cladingot) onlyto 
18 or 17 (forthe thin-walled cladding)?whereas aningot 
of identical alloy composition but“canned" in a pro 




