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UNITED STATES 

2,666,003 

PATENT OFFICE 
2,666,003 

TREATING STRIP 
Robert S. A. Dougherty, Alan C. Chamberlin, 
and Henry W. Nieman, Bethlehem, Pa., assign 
ors to Bethlehem Steel Company, a corporation 
of Pennsylvania, 

Application February 18, 1949, Serial No. 77,234 
(C. 148-12) 3 Claims. 

Our invention relates to the heat treatment 
of steel strip, particularly cold rolled steel strip, 
and it is directed to a method and to an appa 
ratus for continuously heat treating Strip. 
As is well known, when steel strip is produced 

by rolling, particularly by cold rolling, the strip 
is objectionably hard and is in a severely strained 
condition. The usual process to overcome these 
effects of rolling is by means of What is coin 
nonly designated as "annealing.' This opera 
tion comprises enclosing the strip, in the form 
of rolls of strip, and heating the strip to a ten 
perature of from 1100° F. to i300. F., and then 
allowing the strip to cool slowly to atmospheric 
temperature, the total time of this annealing 
operation taking something of the Order of 72 
hours. As a consequence of this treatment the 
strip is rendered considerably softer and the 
strains are removed. Moreover, the steel of the 
strip is considerably modified metallurgically 
since the long time that the steel is maintained 
at elevated temperature permits of a Substantial 
amount of carbon migration and other metal 
lurgical changes of the metal. 
Our invention likewise is directed to the re 

moval of the strains produced in Steel strip by 
rolling, particularly by cold rolling, but we do 
not subject the strip to the slow, batch System 
of annealing but we employ a continuous heat 
treatment involving a rapid heating of the strip 
to the desired temperature and then cooling as 
quickly as practicable. This heat treatment of 
our invention does not affect the Steel as pro 
foundly as does the usual annealing treatment. 
Except for recrystallization the steel is metallo 
graphically much the same as before the heat 
treatment and there is little if any carbon migra 
tion. This heat treatment, however, does remove 
the strains and the steel is softened although not 
as much so as with the prior annealing operation. 
Our invention comprises the idea of feeding 
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strip rapidly and continuously through a heating 
Zone which is heated by the combustion of fuel 
to a temperature considerably higher than the 
temperature to which the strip is to be heated 
in its passage through the heating Zone whereby 
the strip is rapidly heated to the necessary an 
nealing temperature in its rapid passage through 
the zone. Our invention also comprises the idea, 
of rapidly and continuously passing the Strip 
from the heating zone through a cooling Zone to 
cool the strip as quickly as practicable. It also 
comprises the idea of drastically flexing the strip 
at intervals over a considerable range of ten 
perature while it is cooling, and also preferably, 
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after it has cooled to or near atmospheric tem 
perature to obviate the fluting tendencies of the 
heat treated Strip. 
To illustrate the principles of our invention, 

we will first give a more or less specific example 
of its application, it being understood that this 
example is for illustrative purposes and is not 
intended to limit the scope of the actual inven 
tion. In this specific example, the strip being 
treated is of cold colled Steel of low carbon con 
tent (less than 0.10%). The drawing, which 
forms a part of this specification, diagrammati 
cally shows a vertical longitudinal Section of 
equipment suitable for carrying out the opera 
tion of the invention. 

Strip A is unwound from the supply reel 
and is fed successively through heating. Zone B 
to heat the strip to the necessary temperature 
and then through cooling Zone C to cool the strip, 
the strip passing ultinately to take-up reel 2. 

Panels 3 constitute the Walls of heating Zone 
B. These two panels are supported at their 
upper ends by brackets 4 having rollers 5 
adapted to slide on a runway 6. By means of 
this arrangement the two panels may be sepa 
rated from each other to permit access to their 
inner Surfaces for repair and for other purposes, 
which will later appear in the specification, and 
may be brought close together in the normal 
operation for the heating of the strip. 
Each of the two panels 3 is provided with a 

peripheral portion which projects somewhat 
out of the plane of the main heating portion 8 
So that the opening face of the two panels are 
somewhat dished, thus providing the necessary 
Space between the panels to constitute the heat 
ing Zone B. The Space between the opposing 
faces 8 of the panels should be as narrow as 
practicable to get the most efficient heating of 
the strip as it passes through the heating zone. 
The main heating portions 8 of the panels are 
made up of a multiplicity of burner blocks 9 of 
refractory material. Each block is provided on 
its inner side with a concave depression 2). Each 
block has a central opening 2 which contains 
a burner tube 22 adapted to terminate centrally 
of the concave depression 29. The burner tubes 
22 receive a mixture of air and combustible gas 
from pipe 23 which connects with manifold 24, 
the manifold receiving the gas mixture through 
Supply pipes 25. 

Cooling Zone C comprises tank 26 having an 
extension 27 which serves to connect tank 26 
With heating ZOne B. Between extension 2 and 
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the heating zone B is a slot type seal 28 through 
Which the strip paSSes. 

Rolls 29 in extension 27 and rolls 30 in tank 
26 serve to guide the strip through cooling Zone 
C, rolls 30 being disposed alternately near the 
bottom and top of tank 26 so as to give an alter 
nate upward and downward path of travel to the 
strip. Disposed to each side of the path of the 
strip and as close as practicable thereto are 
Water-cooled coils 3. Non-Oxidizing gas is in 
troduced into the cooling zone C through pipe 32. 
The non-oxidizing atmosphere in zone C is 

0 

rapidly circulated through tank C by means of 
pump P, the gas being withdrawn from the tank 
through opening 33 near the beginning of the 
path of travel of the strip and returns to the 
tank through opening 34 near the end of the 
travel of the strip in the tank. Any Suitable 
means may be employed for cooling the gas. 
Tank 26 is provided with plates 35 extending clear 
across the tank and extending from the bottom 
of the tank but terminating short of the top 
thereof. These plates alternate with plates 36 
extending from the top of the tank but terminat 
ing short of the bottom. By this arrangement 
the gas which enters through opening 35 takes 
a course of travel along the path of the strip 
but in a counter direction. 

Just after the strip leaves upper guide roll 30 
in cooling chamber 26 it passes over Small roll 37 
and then over Small roll 38 disposed near roll 3. 
Roll 3 is so placed as to deflect the course of 
the strip to the left and roll 38 brings the Strip 
back into what might be called the normal course 
of the strip. It will be evident that the strip 
will be flexed by roll 37 in One direction and then 
be flexed in a reverse direction by roll 38, the 
strip Wrappingly engaging an arc of roll 37 and 
Wrappingly engaging an arc of roll 38 as the 
strip passes over these two rolls. These two rolls 
are of Sufficiently Small diameters so that the 
strip is flexed beyond the elastic limit of the 
steel at the temperature of the strip when it 
reaches these two rolls. When, hereafter in this 
specification and in the claims, we refer to 
“drastic' flexing of the Strip we intend to signify 
this fiexing beyond the elastic limit of the steel 
at the temperature at Which the fiexing occurS. 
Rolls 39, ), 5, 42 and 3 act similarly to rolls 
3 and 38 in effecting drastic flexing of the strip. 

After the strip emerges from cooling tank 26 
it passes over a series of Small rolls 44, 45, 46, 47, 
68 and 49 placed relatively close together, these 
rolls being progressively smaller. It will be evi 
dent that these rolls also flex the Strip drastically 
in progressively greater amounts. 

Having given a brief description of the equip 
ment we will now describe the operation. Of Our 
invention. When using Such equipment. 
A mixture of gaseous fuel and air is fed through 

pipes 25 to manifolds 24 and thence through 
pipes 23 to burner tubes 22 and burned at the 
ends of the tubes to produce flames in a concave 
depression 28, the gas being fed at Such velocity 
in accordance With Well known principles and 
practices as to prevent the combustion taking 
place before it leaves the exit of tubes 22. The 
burning is effected in accordance With Well known 
practices in such a Way as to practically confine 
the fame to the concave depression areaS 20 SO 
that no direct flame impinges on the Strip. 
By means of this System of heating We are able 

to heat the panels to very high temperatures. 
When using coke oven gas and air, for example, 

5 

20 

25 

30 

45 

50 

55 

60 

65 

70 

75 

4. 
we are able to heat the panels to a temperature 
of about 2500 F. The strip to be annealed is 
heated to a temperature of from 1200°F. to 1700° 
F. We consider a temperature range of from 
1350 F. to 1400°F. to be the most practical range 
as this temperature range is high enough to effect 
the desired change in the strip and higher tem 
peratures would be less economical. 

It will be noted that the temperature to which 
the strip is heated is markedly less than the tem 
perature of the heating zone. When, for ex 
ample, the strip is heated to a temperature of 
from i300° F. to i400 F. and the panels are at 
a temperature of 2500 F. there is a temperature 
differential of some 1100 F. This provision of 
a temperature of the heating zone much higher 
than the temperature to which the strip is heated 
permits of the Strip being heated rapidly to the 
desired temperature. 
This rapid heating of the strip greatly reduces 

the length of time the strip must be in the heating 
Zone, thus permitting the strip to be fed rapidly 
through the heating zone. In practice we feed 
the Strip at from fifty to five hundred feet per 
minute or at even greater speeds. Several im 
portant advantages are thereby obtained. The 
output of the strip annealed is greatly increased 
and the length of the heating zone necessary for 
a given output is reduced. Moreover, the rapidity 
of movement through the heating zone limits the 
time that any particular portion of strip is in 
the heating Zone and thereby enables us to avoid 
any deleterious oxidation of the strip while it is 
passing through the heating zone even though 
the heating Zone contains the products of com 
bustion which are oxidizing at the elevated tem 
peratures of the strip. 
Preferably the mixture of coke oven gas and 

air is such as to give a small amount of reduc 
ing gas in the products of combustion, this being 
effected by having a slight deficiency of air. 
When using coke oven gas we employ this gas in 
the ratio of about 1 part of coke oven gaS to 4 
parts of air and the resulting products of com 
bustion contain approximately 1% of hydrogen 
and 1% of carbon monoxide. It is to be under 
stood that this Small percentage of uncombined 
combustibles would not prevent serious oxidation 
of the strip if any portion of the Strip were to 
remain in the atmosphere of combustion gases 
for any Substantial period of time, since the at 
mosphere of the heating zone contains large 
amounts of Water vapor and carbon dioxide 
which have considerable oxidizing power at the 
high temperatures of the strip. Because of the 
rapid movement of the strip through the heating 
Zone, however, there is insufficient time for arly 
Substantial oxidation. The presence of the small 
amounts of reducing constituents in the atmos 
phere, however, does assist in avoiding any de 
tectable oxidation of the strip and we are able to 
Secure “bright' strip. 
When, in the operation of our equipment, it 

is necessary to stop the feed of the strip through 
the heating zone the two panels 3 Inay be sep 
arated as already described above, thereby allow 
ing the strip to cool and not to become excessively 
heated as would otherwise happen. 
As the strip is at a high temperature when it 

leaves the heating Zone it must be protected from 
the air until the strip has been cooled to a sufi 
ciently low temperature not to be oxidized by 
the air. Accordingly the strip is fed directly from 
the heating Zone B into the cooling zone C in 
which the strip is cooled as rapidly as practicable 
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in a non-oxidizing atmosphere. As a cheap non 
oxidizing gas for use in the cooling ZOne We have 
employed a mixture of nitrogen with Small 
amounts of hydrogen and carbon monoxide pre 
pared by burning coke oven gas with a deficiency 
of air and then removing carbon dioxide and 
Water vapor. This non-oxidizing gas consists 
mostly of nitrogen with about 2% of both carbon 
monoxide and hydrogen. 
The cooling in Zone C is accelerated by various 

means and conditions within such Zone. The 
course of the strip is in proximity to the Water 
cooled coils 3. The cooled non-oxidizing gas is 
rapidly circulated over the strip. An important 
factor in accelerating the cooling of the strip is 
the cooling effect of feed rolls 29 and 3 over 
which the strip passes, this being particularly 
true when one or more of the feed rolls are water 
cooled. 
An important feature of our invention is the 

prevention of fluting of the strip. Heretofore 
fiuting of the strip has been most commonly pre 
vented by Subjecting strip to a “skin pass' opera 
tion after the Completion of the annealing oper 
ation. We avoid the necessity of skin passing and 
obviate the fluting characteristics of the strip by 
drastically flexing the strip while it is passing 
through the cooling ZOne and preferably we also 
drastically flex the strip after it has left the cool 
ing zone and when its temperature is at or not 
far from atmospheric temperature. 
We have already pointed out above the means 

for drastically flexing the strip which we employ 
with the particular embodiment of our apparatus 
given in the drawing, namely by means of rolls 
37, 38, 39, 40, 4, 42 and 43 in the cooling cham 
ber, and rolls 44 to 49, inclusive, outside the cool 
ing chamber. 

For the most effective elimination of the tend 
ency to flute we find that the strip should be 
drastically flexed before it has cooled below 650 
F. and then drastically flexed at different tem 
peratures below 650 F. while the strip is cooling. 
The first drastic flexing should not be at too high 
a temperature, since with the temperature sub 
stantially higher than 900°F. or thereabouts, the 
material is so plastic that flexing the strip has 
no appreciable effect in the prevention of fluting 
tendencies. In general, the first drastic flexing 
of the strip should be at a temperature between 
650° F. and 850 F. Accordingly, in the illustra 
tive embodiment herein given the first flexing 
rolls 37 and 38 are disposed in that part of the 
cooling zone where they flex the strip beyond its 
elastic limit at a temperature between 650 F. 
and 850 F. Or thereaboutS. 
In the illustrative embodiment of Our inven 

tion the first drastic flexing of the strip, namely 
that by rolls 37 and 38 are when the strip is at a 
temperature of about 700 F., the next drastic 
flexing, that by rolls 39, being at a somewhat 
lower temperature. Rolls 40 drastically flex the 
strip while it is at a temperature of about 455 F. 
and rolls 4 drastically flex the Strip at a SOme 
what lower temperature. Rolls 42 drastically flex 
the strip at a temperature of about 170 F. and 
rolls 43 drastically flex the strip at a Somewhat 
lower temperature. 
As we have already indicated above, it is de 

sirable to drastically flex the strip after it has 
left the cooling chamber and When the strip is 
at or comparatively near atmospheric tempera 
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ture. While the drastic flexing in the COoling 
chamber greatly reduces the tendency of the strip 
to flute we have found that additionel drastic 
flexing after leaving the cooling chamber renders 
the strip still more resistant to fluting. 
The strip leaves the cooling chamber Sufi 

ciently cool so that it will not be oxidized in the 
air. We prefer to have the temperature of the 
strip when it leaves the cooling chamber not 
over about 200 F. In the embodiment of Our 
invention here illustrated the strip emerges from 
the cooling chamber at a temperature not much 
above atmospheric temperature. Under this con 
dition the strip passes over rolls 44 to 49, inclu 
sive, which drastically flex the strip. As these 
rolls progressively decrease in diameter the strip 
is drastically flexed progressively in greater 
amounts. 
We claim: 
1. In a process for treating steel strip, the steps 

of continuously feeding the strip through a heat 
ing Zone to heat the strip to a temperature not 
less than 1200° F., continuously feeding the strip 
thus heated through a cooling ZOne having a non 
oxidizing atmosphere, flexing the strip beyond 
its elastic limit in the cooling Zone while it is at 
a temperature not lower than 650 F. but at a 
temperature lower than the critical range, and 
flexing the Strip beyond its elastic limit in the 
cooling Zone after it is cooled below 650 F. 

2. In a process for treating steel strip, the steps 
of continuously feeding the strip through a heat 
ing Zone to heat the strip to a temperature of 
at least 1200 F., continuously feeding the strip 
thus heated through a cooling zone having a 
non-oxidizing atmosphere, flexing the strip be 
yond its elastic limit in the cooling zone while 
it is at a temperature not lower than 650 F., 
flexing the strip beyond its elastic limit at inter 
vals in the cooling zone after it is cooled below 
650 F., and flexing the strip beyond its elastic 
limit after it has left such cooling zone. 

3. In a process for treating steel strip, the steps 
of continuously feeding the strip through a heat 
ing Zone to heat the strip to a temperature above 
1200° F., continuously feeding the strip thus 
heated through a cooling Zone having a non 
Oxidizing atmosphere, flexing the strip beyond its 
elastic limit in the cooling zone while it is at a 
temperature not lower than 650 F., flexing the 
Strip beyond its elastic limit in the cooling zone 
after it is cooled below 650 F., and flexing the 
Strip beyond its elastic limit after it has left such 
cooling Zone in gradually increasing amounts. 

ROBERT S. A. DOUGHERY. 
ALAN C. CHAMBERLIN. 
HENRY W. NIEMAN. 
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