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ABSTRACT OF THE DISCLOSURE 
Spheroidized steel rod suitable for cold working is ob 

tained by hot rolling, cooling and reheating steel rod in 
direct sequence. Cooling through transformation is done 
immediately after hot rolling, in order to inhibit the full 
growth of the small austenite grains, which result from 
rolling, prior to transformation. The cooling through 
transformation is rapid enough to form constituents such 
as fine pearlite, bainite and martensite in substantial 
amounts to render the transformed rod too hard or brittle 
for the intended cold working, and to suppress Substan 
tially the development of proeutectoid ferrite. Directly 
thereafter, before said rod has cooled to ambient tempera 
ture, the rod is passed through a spheroidization furnace, 
while the rod is in the form of overlapping non-concentric 
rings, to heat the rod to a temperature of about 1280 
1330 F. (690-720° C.) at least until the cementite in 
the microstructure begins to coalesce into spheroidal par 
ticles. In one embodiment the rod is then cooled and 
stored for further treatment. In another embodiment it is 
maintained at the temperature of treatment until enlarge 
ment of the spheroidal particles occurs. The process is 
generally applicable to plain carbon and alloy steel rod 
which, for one reason or another, is not suitable without 
spheroidizing for certain cold-working procedures, and it 
provides a novel method of spheroidizing to obtain rapidly 
a uniformly annealed product. 

BACKGROUND OF THE INVENTION 

This invention relates to the annealing of steel rod, 
both plain carbon and alloy steel rod, which after con 
trolled cooling is too hard or brittle for its intended cold 
working. The invention relates to a process of controlled 
cooling and in direct sequence spheroidizing steel rod to 
improve its physical properties, by a novel method which 
permits such treatment to be accomplished rapidly and 
efficiently. 

Spheroidizing is a heat-treating step, normally applied 
to completely coiled rod coils in group or batch fashion, 
that converts the cementite of the steel into spheroidal 
form, by heating, customarily for an extended period of 
approximately one hour or more. The spheroidizing tem 
perature must ordinarily be kept below the lower critical 
transformation temperature, in order to avoid the forma 
tion of austenite. Thus, the treating temperature is usual 
ly about 1250-1330 F. (675-720° C.), although this 
may be exceeded for very low carbon and hypereutectoid 
steels, for which treatment at temperatures up to 1350 
1435 F. (730-780 C.) or higher, may be desirable. 
The microstructure of certain hot rolled rod cooled 

through transformation may make it unsuitable for a 
specific use, such as wire drawing, or a limited amount 
of wire drawing followed by a cold heading operation, 
and in such cases spheroidization or equivalent annealing 
is required in order to prepare the rod for processing. 
Spheroidization can alter the physcal properties of the 
treated rod favorably, by rendering it softer and more 
malleable. Spheroidized steel rod, consequently, is more 
readily cold worked and has greater ductility. 
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For most steel rod, however, spheroidizing takes place 

only after extended time at the elevated temperature. t 
is impossible to accelerate the process by heating at higher 
temperature because of the risk of austenizing the prod 
uct. Even under ideal temperature control the process 
takes 5-10 hours at 1300-1330 F. (700-720° C.), or 
even longer, for typical low-carbon steel. The process is 
complicated of course if the temperature control is less 
than ideal, and particularly if the rod configuration makes 
uniform heating difficult. Under these typical conditions, 
it is not uncommon to provide a margin of Safety, by 
spheroidizing at somewhat lower temperatures, e.g. about 
1250 F. (675 C.), which of course extends the treat 
ment period even farther, to 15-20 hours or perhaps 
longer. Further, if the microstructure of the steel rod is 
not uniform throughout its length, and as a consequence 
the period required for spheroidization is not of equal 
duration throughout, it is necessary to treat the entire 
product for as long as it takes to treat that part which re 
quires spheroidizing for the longest time. All of these 
factors make the process of spheroidizing a cumbersome 
step, requiring careful heat treatment at elevated tem 
perature for extended periods. 

It is a major objective of this invention to provide a 
method of spheroidizing steel rod which at once both 
minimizes the treatment period and provides a high degree 
of temperature control. Other objectives and advantages 
of the invention will become apparent as it is described in 
detail. 

BRIEF DESCRIPTION OF THE INVENTION 

The present invention is directed to an improved sphe 
roidization process in which, broadly, steel rod is hot 
rolled and immediately thereafter, in order to inhibit the 
full growth of austenite grains, is cooled through trans 
formation rapidly enough to suppress the development of 
proeutectoid ferrite in the transformed rod and to form 
constituents such as fine pearlite, bainite and martensite 
which render the transformed rod too hard or brittle for 
its intended cold working, and then is passed through a 
treating furnace at a temperature of about 1250–2000 F. 
(675-1 100° C.) until the cementite of the rod is sphe 
roidized sufficiently to render it sufficiently ductile for its 
intended cold working. During both the controlled cooling 
and the spheroidization the rod is in the form of over 
lapping, non-concentric rings, and due to the high heat 
transfer efficiency of its configuration, the rod is rapidly 
cooled and rapidly brought to a uniform spheroidizing 
temperature in the range of 1250-1330 F. (675-720° 
C.), and preferably for a brief period to a higher tem 
perature without reformation of austenite. Thus, sphe 
roidization is achieved rapidly and uniformly throughout 
the rod length. 

Preferably, the spheroidization step is performed im 
mediately after the rod has been passed through trans 
formation by controlled cooling while the rod is in the 
form of overlapping, non-concentric rings, after which the 
rod may be passed into a spheroidizing furnace. 

BRIEF DESCRIPTION OF THE DRAWINGS 
AND PHOTOMICROGRAPHS 

The present process will be better understood by refer 
ence to the drawings which illustrate apparatus suitable 
for carrying out the method. In the drawings: 

FIG. 1 is an elevation view of apparatus for the con 
trolled cooling of steel rod through transformation di 
rectly in line with a rolling mill; 
FIG. 2 is an elevation view of a roller-hearth furnace, 

which in this instance is in sequence directly beyond the 
apparatus of FIG. 1, for spheroidizing the rod; 
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FIG. 3 is an enlarged cross-sectional view, taken along 
line 3-3 of FIG. 1, showing the inside part of the con 
trolled-cooling apparatus; and 

FIG. 4 is an enlarged cross-sectional view, taken along 
line 4-4 of FIG. 2, showing the inside part of the roller 
hearth furnace during spheroidization. 
FIG. 5 is a series of four photomicrographs showing 

the microstructure of the following rods: A, rod after 
rapid cooling through transformation, essentially com 
pletely martensite; B the same rod after spheroidization; 
C, another rod after rapid cooling through transforma 
tion, essentially a mixture of bainite and martensite; and 
D, the same rod after spheroidization. 
FIG. 6 is a series of four photomicrographs showing 

various rods after spheroidization: E, spheroidized fine, 
unresolvable pearlite; F, a mixture of coarse pearlite and 
spheroidized bainite or martensite; G, spheroidized fine, 
unresolvable pearlite; and H, slightly spheroidized bainite. 
OETALEED DESCRIPTION OF THE INVENTION 

In accordance with the present invention, first, steel 
rod is hot rolled and formed into overlapping, non-con 
centric rings upon a conveyor, and immediately subjected 
to a rapid, controlled cooling through transformation. Be 
cause the austenite grains of the hot-rolled steel are very 
fine and are not permitted to grow substantially because 
of immediate transformation, and because of the ring 
configuration, the transformation is accomplished uni 
formly and rapidly. The transformed rod contains con 
stituents such as fine pearlite, bainite or martensite, 
which render it unsuitable for at least some cold-working 
procedures. Then, as a second step, preferably in direct 
sequence with the cooling step and in the same overlap 
ping ring form upon the conveyor, the rod is subjected 
to spheroidization in a furnace at about 1250-2000 F. 
(675-1100° C.), whereby the rod reaches a temperature 
of about 1250-1330 F. (675-720° C.) until the cement 
ite in said constituents spheroidizes to form a rod product 
suitable for the intended cold working. 
With reference to the figures, steel rod 19 emerging 

from the last stand of a rolling mill, not shown, and water 
cooled to a temperature of about 1200-1500 F. (650 
815 C.), is fed into laying head 1, and formed into 
overlapping rings 12, which are laid onto conveyor 13. 
Conveyor 13 is a continuous type including drive chains 
14 and drive motor 5. A roller conveyor would be 
equivalent for the purposes of the invention. The chains 
have upwardly extending teeth 6 which serve to engage 
Successively the over-lapping rings and carry them along 
the conveyor. The over-lapping rod rings pass along the 
conveyor supported by guide bars 17 into and through 
hood 18, as a blast of cooling fluid, such as air, is passed 
upwardly in contact with the rod rings by blowers 19, as 
shown by the arrows in FIG. 3. 
The cooling medium preferably passes the rod as it is 

conveyed through the apparatus roughly in proportion to 
the mass flow of the rod, in order that the cooling may 
be as uniform as possible. Thus, the cooling medium is 
provided in greater volumetric rate at those locations, i.e., 
the sides of the conveyor, where the greater mass of rod 
is passed. This effect may be achieved by providing slots 
under and across the conveyors of varying width, such 
that the amount of cooling medium passed upwardly in 
contact with the rods is proportioned to the mass flow 
thereof at any point across the rings. Further, means 
not shown are preferably provided to vary the total 
rate of flow of cooling medium-in addition to the means 
providing proportional flow across the conveyor-in order 
to provide for either variations in rod delivery rates or 
to alter the cooling rate of the rod for metallurgical 
purposes. 
The apparatus and procedures described above have 

come to be associated with a method known as “controlled 
cooling' of steel rod. This method, described and claimed 
in several patents, e.g., U.S. Nos. 3,231,432 and 3,390 
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4 
871, both incorporated herein by reference, results in a 
rod having uniform physical properties from end-to-end 
of a bundle without the necessity of further heat treat 
ment, a reduction of scale loss, and a proportioned reduc 
tion of magnetite in the scale, among numerous other ad 
Wantages. For purposes of the instant invention, the con 
trolled cooling process makes it possible, both for carbon 
and alloy steels, to provide a uniform rod which can 
undergo spheroidization in a minimum period of time, in 
order to obtain a product having just the properties de 
sired for subsequent processing. The rod product of the 
controlled cooling process is described in detail and 
claimed in the U.S. Pat. No. 3,320,101, incorporated 
herein by reference. 

Controlled-cooled rod of medium to high carbon steel 
is ordinarily suitable without additional processing for 
Subsequent cold working, such as wire drawing, due to 
its excellent physical properties, as above described. For 
certain types of low, or low-to-medium carbon steel, how 
ever, and particularly for alloy steel rod, rapid, controlled 
cooling does not always yield a processed rod suitable 
for cold working, such as wire drawing, cold heading, 
coining, or some other form, without further annealing. 
Rods containing significant proportions of alloying ele 
ments such as chromium, nickel, and molybdenum, either 
as intentional constituents or as residual elements re 
maining from the steel making process, may contain 
martensite after rapid controlled cooing, which is detri 
mental to any Subsequent cold working. The present proc 
ess offers a way of obtaining for all types of steel rod 
both the benefits of uniformity and rapid cooling that 
result from controlled cooling, and at the same time a 
product which is suitable, without further processing, for 
cold working. These benefits are attainable by the present 
method of spheroidizing the rod while in the form of 
Overlapping, non-concentric rings, preferably immediately 
in line after a controlled-cooling step. 

In any case, the rod to be spheroidized is carbon or 
alloy steel rod that has been subjected to a rapid cooling 
through transformation immediately after hot rolling, as 
described above. The normal rapid cooling rates through 
transformation produce suitable microstructures in plain 
high carbon steels which are amenable to extensive cold 
Working in wire drawing. If the carbon steel rods are in 
tended for Such operations as cold heading or cold forg 
ing, the transformation products so produced may be too 
fine and the rod might be too hard. The successful cold 
Working of alloy steel rods would be precluded if any 
martensite or extensive amounts of bainite were contained 
in the microstructure. With the rapid cooling through 
transformation immediately after hot rolling, as generally 
described above, martensite and bainite formation would 
be expected in alloy steel rods. Thus, the rod to be spheroi 
dized by the present method is preferably the transforma 
tion product of relatively fine-grained austenite, contain 
ing constituents such as fine pearlite, bainite or martensite 
rendering it unsuitable for at least some cold working. 
In plain carbon steels this type of rod is relatively free 
of proeutectoid ferrite. On the other hand, the rapid cool 
ing may produce a plain carbon steel rod too hard for its 
intended end use. With alloy steel rods, the rapid cooling 
Would produce martensite and bainite. 
The present process has significant utility for alloy 

steel, i.e. steel containing significant quantities of alloy 
ing elements added to effect change to its mechanical or 
physical properties. Under the very rapid transformation 
of the controlled cooling process employed here, alloy 
Steels often contain bainite or martensite sufficient to ren 
der the alloy rod unsuitable for cold Working without fur 
ther treatment. It is advantageous, nevertheless, to trans 
form such alloys as rapidly as possible in accordance with 
the present process, because the bainite and martensite, 
and in particular martensite, tend to spheroidize more 
rapidly than the pearlitic structures, which would be 
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favored by less rapid transformation. Even plain carbon 
steel suitable for wire drawing may be unsuitable for cold 
working such as cold heading, because of fine pearlite in 
its microstructure-or bainite or martensite, which would 
render it unsuitable for cold heading, because of fine 
pearlite in its microstructure-or bainite or martensite, 
which would render it unsuitable for cold working of 
virtually any type. The best approach, then, is to trans 
form the rod, whether plain carbon or alloy, as rapidly 
as possible in order to favor the transformation constitu 
ents which are more readily spheroidized, namely, in de 
scending order, martensite, bainite and fine pearlite, not 
withstanding that these constituents are ordinarily unde 
sirable, in the same order, since they do or could render 
the rod unsuitable for cold working. 

In certain cases, the present process may be employed 
where the steel rod is either slightly water cooled, or not 
water-cooled, before being subjected to the rapid cooling 
step. This procedure would be desirable where some 
austenite grain growth prior to cooling would increase 
hardenability, thus enhancing the likelihood of martensite 
or bainite formation. 

In one embodiment of the present process, alloy steel 
rod is cooled through transformation as rapidly as pos 
sible in ambient forced air, in order to promote the for 
mation of martensite, as a major constituent of the trans 
formed rod in order to render it more amenable to 
spheroidizing. By the term, major constituent of mar 
tensite, the intention is to obtain a product having a mi 
crostructure appearing in conventional photomicrographs, 
Such as presented here, to have at least a major area of 
martensite. Alloys suitable for the present process include, 
for example, those listed at pages 61-62 of Metals Hand 
book, vol. 1 (8th ed. 1961), and the free-cutting carbon 
steels listed on page 62. By controlled cooling with forced 
air as rapidly as possible, in accordance with one embodi 
ment of the present process, most of said listed alloys 
should yield such a martensitic structure. 
Again with reference to the figures, the rod 10 is trans 

ported from the controlled-cooling apparatus (e.g., FIGS. 
1 and 3), onto rollers 20, again in the form of overlapping 
non-concentric rings 12. Rollers 20 driven by roller drive 
21 convey the rod rings through roller hearth furnace 22, 
where the temperature of the rods is rapidly raised to the 
spheroidizing point, in the range 1250-1330 F. (675 
720 C.). Briefly, toward the end of the furnace run, the 
rod may tolerably exceed the ideal spheroidizing tempera 
ture, to a temperature of up to 1350° F. (730° C.), since 
in the present process temperature control is so readily 
maintained. In any event, the reformation of austenite 
should be avoided. Preferably, the furnace is maintained 
at about 1500-2000 F. (815-1100° C.), although lower 
temperatures, of about 1250-1500°F. (675-815° C.) may 
be required if extended periods of time prove necessary. 
The furnace is heated by elements 23, which may be gas 
fired heaters or any other suitable type. Preferably, means 
are provided to direct a blast of heating medium over the 
rod in order to increase the heat transfer rate and reduce 
the time necessary to bring the rod to spheroidizing tem 
perature. If it is desired to maintain further scale forma 
tion at a minimum, an inert furnace atmosphere such as 
nitrogen, or even the products of combustion if a direct 
fired furnace is used, would be preferred. 
Upon leaving the spheroidizing furnace, the rod cools 

slowly to a point where no further metallurgical changes 
will occur, and the rod is suitable for handling, and col 
lected by coiling means 24, or by other suitable proce 
dures. Alternatively, the rod may be cooled, by means not 
shown, rapidly upon leaving the spheroidizing furnace to 
a temperature where no further metallurgical changes 
will occur and the rod is suitable for handling. As a fur 
ther alternative, the rod, with or without intermediate 
cooling, may be conveyed directly to other processing sta 
tions, for example, for descaling. 
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The above apparatus is not intended to be necessarily 

the only type suitable for carrying out the present process, 
which is broadly to submit transformed steel rod, either 
low, medium or high carbon steel or alloy steel, having 
constituents rendering it unsuitable for cold working, to 
spheroidizing temperatures while in the form of overlap 
ping non-concentric rings, in order to render it suitable 
for cold working. For example, it is not essential, al 
though perhaps desirable, to have separate cooling ap 
paratus and spheroidizing apparatus, each with its own 
conveyor. It may be preferable to have a single conveyor 
which conveys the rod directly through both the cooling 
zone and the annealing zone. Also, it may be desirable to 
have a portable spheroidizing furnace on rollers adjacent 
the conveyor after the controlled cooling section, which 
can be moved into place whenever rod products requiring 
spheroidization are being controlled cooled. Such an ar 
rangement would permit changeover to or from the pres 
ent spheroidization process in line with conventional con 
trolled cooling apparatus, with little or no delay time. 
Among the advantages of this process are uniformity 

and rapidity in spheroidizing both due in part to the 
overlapping pattern of the rod and to the unifornity of 
the transformed starting material. It is advantageous in 
the process to carry out the spheroidizing in direct Se 
quence with controlled cooling, so that a uniform rod in 
overlapping ring form may be delivered directly to the 
spheroidizing apparatus. 
When plain carbon steel rods are subjected to con 

trolled cooling in line and immediately after hot rolling, 
the fine austenite grains which result from hot rolling are 
inhibited in their growth. In other words, the austenite 
grain size at transformation is, as a result of the rapid 
cooling, substantially finer than would result if the rod 
had been cooled in open air after hot rolling-and this is 
the result of inhibiting austenite grain growth. Further, 
the cooling through transformation is rapid enough to 
inhibit the development of proeutectoid ferrite in the 
microstructure, again as compared with that which would 
develop by open air cooling after hot rolling. When the 
same process of controlled cooling is applied to alloy steel 
rods, the fine autenite grains which result from hot roll 
ing, also, are inhibited in their growth. Further, the cool 
ing through transformation is rapid enough to cause the 
formation of martensite or bainite. In the case of plain 
carbon steels, the more rapid the cooling through trans 
formation, the finer the lamellar cementite. In the case 
of alloy steels, the more rapid the cooling rate through 
transformation, the more martensite and bainite in the 
microstructure. Thus, the rod to be spheroidized by this 
method is preferably the transformation product of rela 
tively fine-grained austenite. The microstructures would 
consist of one or more of the following constituents: 
ferrite, pearlite, fine pearlite, bainite and martensite. Pref. 
erably, the microstructure should have the carbide and 
the carbide forming elements as finely dispersed as pos 
sible. In any event, the product to be spheroidized has a 
microstructure characterized by fine pearlite, bainite or 
martensite, the finely dispersed carbides of which are 
spheroidized in accordance with the present process. 
The following examples will demonstrate the applica 

tion of the present invention to the spheroidization of steel 
rods of various composition, which due to their micro 
structure after transformation are not ideally suited for 
certain cold working procedures, but which having under 
gone spheroidization acquire the desired properties. 

EXAMPLE 1. 

FIG. 5A shows the microstructure of a %2-inch diam 
eter 52.100 grade hot rolled rod that had been heated in a 
muffle tube furnace at 1800' F. for five minutes, com 
pletely austenitized, and then air blast cooled at a rate of 
approximately 13 F. per second, this fast cooling rate 
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producing an essentially completely martensitic micro 
Structure. 

FIG. 5B shows the microstructure of a %2-inch diam 
eter 52100 grade hot rolled rod, obtained from the same 
rod coil adjacent to the sample shown in FIG. 5A, that 
had been heated in the same muffie tube furnace at 1800 
F. for five minutes, completely austenitized, air blast 
cooled at a rate of approximately 13 F. per second down 
to a temperature of approximately 300 F., and then re 
heated to approximately 1425 F. for a period of approxi 
mately 1 minute, the furnace being at a temperature of 
1800. F., removed from the furnace and allowed to cool 
in natural convection air at a rate of approximately 5 F. 
per second. It should be noted that the microstructure of 
FIG. 5B contains pearlite, as well as spheroidized bainite 
or martensite, and in this respect is significantly different 
from the microstructure of FIG. 5A, which was sub 
stantially, entirely martensite, even though both are the 
same steel and were cooled rapidly under the identical 
conditions. 

EXAMPLE 2. 

FIG. 5C shows the microstructure of a 4-inch diam 
eter 92.54 grade hot roiled rod that had been heated in a 
muffle tube furnace at 1800 F. for 4.5 minutes, com 
pletely austenitized and then air blast cooled at a rate of 
approximately 14 F. per second, this fast cooling rate 
producing essentially a mixture of bainite and martensite. 

FIG. 5D shows the microstructure of a 4-inch diam 
eter 92.54 grade hot rolled rod, the sample being obtained 
from the same rod coil and adjacent to the sample of 
FIG. 5C, that had been heated in the same muffie tube 
furnace at 1800 F. for 4.5 minutes, completely austeni 
tized, air blast cooled at a rate of approximately 14 F. 
per second, down to a temperature of approximately 300 
F., and then reheated to approximately 1400 F. for a 
period of approximately one minute, the furnace being at 
a temperature of 1800. F., removed from the furnace 
and allowed to cool in natural convection air at a rate 
of approximately 6 F. per second. A spheroidized micro 
structure can be observed. 

EXAMPLE 3 

FIG. 6E shows the microstructure of a 1%4-inch diam 
eter 1065 grade hot rolled rod, that had been heated in 
the same muffle tube furnace at 1800 F. for 12 minutes, 
completely austenized, cooled in natural convention air 
to ambinent temperature at a rate of approximately 5 F. 
per second, reheated to 350 F. for one minute, cooled 
in natural convection air at a rate of about 5 F. per 
second. The microstructure shows spheroidized fine, un 
resolvable peariite. 

EXAMPLE 4 

FIG. 6F shows the microstructure of a 5A6-inch diam 
eter 52100 grade hot rolled rod that had been heated in 
a muffle tube furnace at 1800 F. for 5.5 minutes, com 
pletely austenitized, and then air blast cooled at a rate 
of about 12 F. per second to 300 F., reheated to 1350 
F. for one minute, and air cooled at a rate of about 5 F. 
per minute. The microstructure shows a mixture of coarse 
pearlite and spheroidized bainite or martensite. 

EXAMPLE 5 

FIG. 6G shows the microstructure of a 1%4-inch diam 
(eter 1065 grade hot rolled rod, that had been heated in a 
muffle tube furnace at 1800 F. for 12 minutes, com 
pletely austenitized, and then air blast cooled at a rate 
of approximately 12 F. per second down to a tempera 
ture of approximately 900 F., and then reheated to ap 
proximately 1350 F. for a period of about one minute, 
removed from the furnace and cooled in natural convec 
tion air at a rate of about 5 F. per second. The micro 
structure shows spheroidized fine, unresolvable pearlite. 
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EXAMPLE 6 

FIG. 6H shows the microstructure of a 4-inch diam 
eter 92.54 grade hot rolled rod, that had been heated in 
the same muffle tube furnace at 1800 F. for 4.5 minutes, 
completely austenitized, air blast cooled at a rate of ap 
proximately 14 F. per second to about 400 F., and then 
reheated to approximately 1350 F. for a period of ap 
proximately one minute, in a furnace at 1800 F., re 
moved from the furnace and allowed to cool in natural 
'convection air at a rate of approximately 6 F. per second. 
The microstructure shows slightly spheroidized bainite. 

The heat treatment method described herein would be 
applicable to any plain carbon or alloy steel requiring 
spheroidization prior to cold working. Listed below are 
Some typical alloy steels that would fall into this cate 
gory, along with the tensile strength of the steels after 
having been subjected to conventional controlled cooling 
in line with the rod mill and the tensile strength of the 
steels after they had been spheroidized in accordance 
with this process. 

TENSILE STRENGTH 

Inline 
Controlled spheroi 

cooled, p.s.i. dized, p.s.i. 

100,000 85,000 
125,000 95,000 
150,000 00,000 
135,000 95,000 
250,000 125,000 
285,000 150,000 
285,000 50,000 
275,000 140,000 
285,000 50,000 
275,000 140,000 

Normal controlled cooling procedures directly in line 
with a rod rolling mill have cooling rates through trans 
formation varying from 10 to 20 F. per second. These 
rates are sufficiently fast so that the microstructures of 
the above alloy steel grades obtained under the afore 
mentioned conditions consist of a mixture of ferrite, some 
resolvable pearlite, fine unresolvable pearlite, martensite, 
and bainite. After in line spheroidizing, the tensile 
strengths have been reduced, and the undesirable hard 
microstructural constituents, such as fine pearlite, bainite 
and martensite have started to spheroidize. This spheroidi 
zation results in a lowering of the tensile strength of the 
rod, and an increase of the ductility of the rod. The 
lowering of the tensile strength and the increase inductil 
ity are the result of the spheroidizing or coalescing of 
the carbides in the undesirable hard microconstituents. 

Each of the various plain carbon and alloy steels would 
require its own unique time temperature heat treatment 
cycle in order to bring about optimum spheroidizing con 
ditions. These conditions can be readily determined by 
skilled metallurgists. Times can be varied by adjusting 
conveyor speeds from 20 seconds to as much as five 
minutes or more. Furnace temperatures would vary from 
approximately 1250 F. (675 C.) to as high as 2000°F. 
(i100 C.). The tonnage rates processed, mass flow rate, 
would of necessity be the same as that being processed 
continuously on the rod mill. 

I claim: 
1. A method of cooling steel rod rapidly through trans 

formation and spheroidizing the rod in order to render 
it more suitable for cold working, which comprises: 

hot rolling and immediately cooling a length of steel 
rod through transformation at a rate of about 10 
to 20 F. per second, to obtain a product hav 
ing substantially uniform and physical properties 
throughout its length, and having a microstructure 
of fine pearlite, bainite or martensite constituents 
rendering the transformed rod unsuitable for its in 
tended cold working, and said cooling being suff 
ciently rapid to inhibit the growth of austenite grains 
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prior to transformation and to inhibit the develop 
ment of proeutectoid ferrite upon transformation; 

placing the rod product on conveying means in the form 
of overlapping, non-concentric rings and conveying 
said rod in such form through an annealing furnace 
at a temperature of about 1250-2000°F. for a pe 
riod, between 20 seconds and five minutes, sufficient 
at least to initiate spheroidization of said constitu 
ents and to render the rod suitable for its intended 
cold working, but insufficient to result in substantial 
conversion to austenite; and 

removing said rod from the furnace and collecting the 
rod. 

2. The method of claim 1, wherein the temperature of 
said annealing furnace is about 1500-2000 F. 

3. The method of claim 1, wherein said steel rod is an 
alloy steel, and wherein said cooling is done in the pres 
ence of forced air substantially as rapidly as possible, in 
order to promote transformation to martensite, whereby 
said martensite is more readily spheroidized than fine 
pearlite or bainite. 

4. The method of claim 1 wherein said steel rod is 
heated in the annealing furnace to a temperature between 
about 1300-1350 F. for a brief period insufficient to 
cause substantial transformation to austenite. 

5. A method of treating plain carbon or alloy steel to 
form steel rod suitable for cold working, which comprises: 

heating a billet of plain carbon or alloy steel to a tem 
perature in excess of its austenite transformation 
temperature and for a period sufficient to convert 
substantially all of the steel to austenite form; 

rolling said billet in a rolling mill at a temperature 
above the transformation temperature to produce a 
microstructure characterized by fine-grained aus 
tenite; 

immediately depositing the rolled rod in the form of 
overlapping, non-concentric rings on a conveyor and 
conveying the rod rings through a cooling Zone while 
cooling the rod through transformation at a rate of 
about 10 to 20 F. per second, to form a product 
characterized throughout its length by substantially 
uniform physical properties and microstructure con 
taining fine pearlite, bainite or martensite constitu 
ents rendering the transformed rod unsuitable for its 
intended cold working, said cooling being sufficiently 
rapid to inhibit the growth of the fine-grained aus 
tenite prior to transformation and to inhibit the de 
velopment of proeutectoid ferrite upon transforma 
tion; 

conveying said steel rod, after transformation is sub 
stantially complete, still in the form of overlapping, 
non-concentric rings, through an annealing furnace 
at a temperature of about 1250-2000 F. while heat 
ing the steel rod rapidly to a temperature of about 
1250-1330 F. for a period, between 20 seconds and 
five minutes, sufficient at least to initiate spheroidi 
zation of said constituents, and to render the trans 
formed rod suitable for its intended cold working, 
but insufficient to result in substantial conversion to 
austenite; and 
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removing said steel rod from the furnace and collect 

ing the rod. 
6. The method of claim 5, wherein the temperature of 

said annealing furnace is about 1500-2000 F. 
7. The method of claim 5, wherein said steel rod is 

Selected from the group consisting of alloy steels and 
wherein said cooling is done in the presence of forced air 
as rapidly as possible, in order to promote transformation 
to martensite and to render the transformed product more 
amenable to spheroidization. 

8. A method of treating alloy steel to obtain a uniform 
alloy rod product suitable for cold working, which com 
prises: 

heating a billet of alloy steel to a temperature in ex 
cess of its austenite transformation temperature and 
for a period sufficient to convert substantially all of 
the steel to austenite form; 

rolling said billet in a rolling mill at a temperature 
above the transformation temperature to produce a 
microstructure characterized by fine-grained aus 
tenite; 

immediately depositing the rolled rod in the form of 
overlapping, non-concentric rings on a conveyor and 
conveying the rod rings through a cooling zone while 
cooling the rod through transformation at a rate of 
about 10 to 20 F. per second, to form a product 
characterized throughout its length by substantially 
uniform physical properties and microstructure, said 
cooling being by means of forced ambient air as 
rapidly as possible in order to promote transforma 
tion to martensite, as a major constituent of said 
transformed rod, rendering it unsuitable for its in 
tended cold working; 

conveying said steel rod, after transformation is sub 
stantially complete, still in the form of overlapping, 
non-concentric rings, through an annealing furnace 
at a temperature of about 1250-2000 F. while heat 
ing the steel rod rapidly to a temperature of about 
1250-1330 F. for a period, between 20 seconds and 
five minutes, sufficient at least to initiate spheroidi 
Zation of said major martensite constituents, and to 
render the transformed rod suitable for its intended 
cold working, but insufficient to result in substantial 
conversion to austenite; and 

removing said alloy steel rod from the furnace and 
collecting the rod. 

9. The method of claim 8, wherein the temperature of 
said annealing furnace is about 1500-2000 F. 
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