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STEEL
PROCESSING
FLOWLINES

One way or ancther, steel ligures inlo all of our hves. Day
and day ocul we lake it for granted and yet il is the very
bacis of o much wa see and do. Few people are aware of
the full extent of human eftart that is required. Staeimaking
15 a complicaled procedura that raquires an in-depth study
belore ane ¢an oblaim a full understanding; however, a
warking knowledge of the basic steps can be acgquired in g
relatively short lime,

This booklat of flowlnes iraces many of the sleps involved
in steg| procassing. An earlier published booklet enlitled
“Steeimaking Flowlines™ is available which lollows the
steps o produce steel inils first solid forms.



a "owline of s'eelmaki*\g From iron ore, limestone and coal in the earth’s crust

to space-age steels — this fundamental flowline shows
only major steps in an intricate progression of pro-

cesses with their many options.

DIRECT
REDUCTION
PELLETS i
e ™
IRON ORE ﬁ
BLAST
FURNACE ELECTRIC FURNACE
SINTER
SCRAP
LIMESTONE
LIME & FLUX
CRUSHED OPEN HEARTH FURNAGE
OXYGEN
COAL
SLAG MOLTEN IRON BASIC OXYGEN FURNACE
OR Q-BOP
COKE OVENS

some environmental
systems parallel
to steelmaking

MOLTEN STEEL

NOTE:

Vacuum
treatment of
liquid steels is
frequently used
for making super-
refined metals
for advanced
technology
end-uses.

MOLTEN STEEL

MOLTEN STEEL

NOTE:

A modification of the
BOF is the Q-BOP ir
which the oxygen ar
other gases are blov
in from the bottom
rather than the top &
shown.

Land reclamation restores mines and quarries to natural state. Stack cleaners capture dust Venturi scrubbers spray wa-

Tree-planting is one method. from numerous steelmaking ter into dust-laden gases.
processes, keeping it out of Recovered solid particles
the atmosphere. may often be recycled.



Molten steel must solidify before it can be made into fin-
ished products in an infinite variety, considering chem-

istry properties, sizes and shapes. -
HOT STRIP PICKLING &  GOLD STRIP TEMPER
OILING ANNEALING ROLLING
WELDED
PIPE
} SKELP
CONTINUOQUS CASTING GALVANIZED & OTHER TIN MILL
T COATED FLAT ROLLED  PRODUCTS
PRODUCTS
SLAB
STEEL PLA
PLATE Flat rolled products commonly are
rolled from slabs by mills using sets of
CONVENTIONAL cylindrical rolls.
INGOT TEEMING COLD DRAWN
BARS
HOT ROLLED BARS Grooved rolis sgueeze billets into
different cross-sections (round,
angles, etc.) in a sequence of
BILLET operations.
WIRE & WIRE
PRODUCTS
Piercing is the process used to make
seamless pipe and tubing from a
INGOT BREAKDOWN MILL TUBE ROUNDS semifinished product called tube
T rounds.
- SEAMLESS PIPE
BLOOM
’;’AIEGRI%g?\JNT 22;';' but significant Sets of grooved rolls are
CASTING percentage of heated ingot STRUCTURAL SHAPES used to roll bicoms into
O steel is squeezed in forging heavy beams for
presses to make large shafts construction or for rails.
for power plants, nuclear
plant components and other
products.
HOT FORGING
Bag houses use cloth bags  Electrostatic precipitators Testing water from a steel Clarifiers are used to clean Acid Neutralization is an im- Cooling towers reduce tem-
like big vacuum cleaners to  use electricity to remove plant is essential to know the steel plant water by letting portant part of treating water perature of cooling water so
capture dust. dust. effectiveness of pollution solids settle out. used in cleaning of steel. it can be used again and

control measures. again.



hot- & cold

CONVEYOR

In a few minutes the contin-
uous hot strip mill dia-
grammed here can turn a
glowing slab of steel into a
coil of thin sheet more than a
quarter of a mile long That
coil may be shipped to cus-
tomers, or it may be cleaned,
as shown in the second dia-
gram, and cold rolled (lower
left) to make products. More
than one-third of all steel
shipped annually is the prod-
uct of sheet mills and is
made into appliances, auto
bodies and a wide variety of
other products.

4, Coils of cleaned, hot-rolled sheet may be cold rolled to make a
product thinner and smoother. This process gives steel a

led sheet mill products

REHEATING
FURNACE

SLAB

GHING STANDS

SCALE BREAKER

. Highlights of continuous hot rolling are shown above. Gaps in the

drawing represent conveyor sections, so, in reality, the full length of

the mill is several thousand feet. Surface scale is first removed from the WATER RINSE
heated slab which then becomes thinner and longer as it is squeezed TANKS
by horizontal rolls at each mill, usually called roughing stands. Vertical DRYER

rolls at the edges help control width. The steel next enters the finishing
stands for final reduction, traveling at speeds up to 50 miles per hour as
it crosses the cooling table and is coiled.

SIDE SLITTER  SHEAR (—-’
RECOILER

COILS OF PICKLED DRY DELIVERY END
HOT-ROLLED SHEET LOOPING PIT ACCUMULATOR SYSTEM

COLD REDUCING MILL

higher strength-to-weight ratio than can be made on a hot mill.
A modern five-stand tandem cold reducing mill may receive
sheet about 1/10-inch thick and % of a mile long; two minutes
later that sheet will have been rolled to 0.03-inch thick and be

more than two miles long.



SHEAR

FINISHING STANDS

PICKLING TANKS

ENTRY END

ACCUMULATOR SYSTEM

WATER SPRAYS

COILERS
COOLING TABLE
2. Hot rolled sheet steel is normally cleaned in a bath of suiphuric
or hydrochloric acid to remove surface oxide (scale) formed CONVEYORS
during hot rolling. A modern pickler, shown below, operates
continuously When one coil of sheet is almost cleaned, its end
is sheared square and welded to the start of a new coil In this
pickler, a temper mill helps break up the scale before the sheet
enters the “pickling” or “cleaning” section of the line. PAY-OFF
REEL
TEMPER MILL (’
= COILS OF
EAR COIL HOT-ROLLED
WELDER ELEVATOR SHEET

BATCH (OR BOX)

EALING FURNACE

5. The cold-rolling process hardens

sheet steel so that it usually must
be heated in an annealing furnace
to make it more formable. In the
furnace at the left, coils of cold-
rolled sheets are stacked on a
base. Covers are placed over the
stacks to control the annealing
atmosphere and then the furnace is
lowered over the covered stacks.
The heating and re-cooling of sheet
may take five or six days.

COVERS FOR
STACKED COILS

3. An accumulator is located beneath the rubber-lined pickling
tanks, the rinsers and the dryers. The sheet accumulated in this
system feeds into the pickling tanks when the entry-end of the line
is stopped to weld on a new coil. Thus it is possible to clean a
sheet continuously at the rate of 1200 feet per minute. A smaller
looping system at the delivery-end of the line permits continuous
line operation during interruptions for coiling.

6. After the steel has been softened in the annealing process, a

temper mill is used to give the steel the desired flatness,
metallurgical properties, and, surface finish. The product may
be shipped to consumers as coils or further side-trimmed or
sheared into cut lengths.

TEMPER MILL

O



coated h 1t

galvanizing

The huge, complicated facility
shown at the right is used to coat
sheet steel with zinc, continuously,
at the rate of several hundred feet
per minute. Once coated, this gal-
vanized product is highly versatile.
For example, it is used in the un-
derbody parts of automobiles, and
in making air ducts, garbage cans,
culverts, storage tanks, and wher-
ever corrosion resistance is re-
quired. A large amount of the gal-
vanized sheet and strip made each
year is painted. This adds to the
corrosion resistance and gives the
product a pleasing, colorful appear-
ance. Painted galvanized sheets
are frequently used for roofing and
siding for industrial buildings, gut-
ters, downspouts, or for interior
cabinets, appliances and many
other eye-catching applications.

al ucts

1. In the continuous hot-dip galvanizing line
diagrammed here, steel moves through the
process generally from left to right. Once past
the welder and accumulator, the steel
surfaces are cleaned to make the zinc stick
better. In the continuous annealing furnace,

. the steel strip is radiant-heated in a controlled
‘%%&% atmosphere at temperatures which develop
- the desired metallurgical properties in the
steel.

)

ACCUMULATOR

=

M o

PAY-OFF REELS

WELDER ELECTROLYTIC CLEANING
AND BRUSH SCRUBBING

painting

in the continuous paint coating line
shown at the right, steel strip
moves from a pay-off reel into an
entry accumulator, or looping tow-
er, and then into a cleaning and
pre-treatment section where the
surface is prepared for painting.
The strip then moves to the first
paint coater where a primer is ap-
plied to the top and bottom sur-
faces with reverse roller coaters.
The primer-coated strip passes into
a baking oven to cure the primer
and then into a cooling zone. The
strip is then conveyed to the sec-
ond paint coater where the finish
coating is applied to both surfaces
with reverse roller coaters. The
strip then enters another oven for
curing and cooling.

PAY-OFF REELS

WELDER ENTRY LOOPING TOWER CLEANING & PRE-TREATMENT



COOLING TOWER

2. From the furnace, the strip enters the molten zinc coating bath

which is contained in a steel or refractory-lined pot. As the strip
emerges from the molten zinc, an air (or steam) wipe is used to
control the zinc coating thickness. The strip then continues
upward into a cooling tower where the zinc coating solidifies.
Next, a chemical treatment can be applied to the zinc-coated
sheet to minimize surface staining in initial outdoor exposure.
The strip then passes through another accumulator before it is
stretch-flattened. Finally, it is coiled and removed from the line

for shipping.

ACCUMULATOR (EXIT)

CONTINUOUS ANNEALING FURNACE CHEMICAL STRETCH FLATTENING WINDING
TREATMENT REELS
SECTION
MOL OR ALUMINUM
PRIMARY COATER
TESTING & SHIPPING
-ty

FiNISH COATER DRYING OVENS

EXIT LOOPING TOWER WINDING REEL



tin mill products

4. At the start of the line, the front end
of one coil of steel, referred to as

Tin plate and chromium-coated steels are primarily g'fa‘t%kp'ijﬁv;ﬁéglg'?gdr;g ihe back end
. € Ccol iniain

used to make cans and other containers. Today, continuous operations. The steel is

there are three types of continuous tin plating pro- \Ilvaghed and clearlwed in a dilute acid.
_ : : t then enters a plating solution where

cesses — alkaline, halogen and acid. The halogen it is electroplated. In the plating

tin plating line has been diagrammed here (top section, tin leaves the positively

right). A chrome-plating line is shown below. charged tin anodes and is deposited

on the negatively charged steel. The
coating may be as thin as 0.000006
inch on a side.

1. Much of the steel for making tin mill
products goes from a cold reduction mill
through a continuous annealing facility. As
the strip uncoils and passes through the o o .
annealing furnace, it is subjected to heat hdlogen "nhlng hne
which softens it in preparation for further
processing.

o

2. Coils from continuous annealing go either
to a temper mill, where the strip is rolled
just enough to give it proper hardness and CONTINUOUS . NG LINE
surface properties, or they go to a double
cold reduction mill which can further
reduce the thickness up to 50 percent.

6. “Tin-free steels” are a chromium-coated
DOUBLE COLD REDUCTION MILL product. Chromium plating processes use

insoluble anodes in a plating solution from
which chromium is electro-deposited onto the
negatively charged sheet moving through the
plating tank.

Reading from left to right on the diagram below,
the steel sheet is cleaned, pickled in dilute acid,
rinsed, chromium plated. In some processes a
second chemical post treatment completes the

3. The double cold reduced product has coating. After this, the sheet is rinsed, dried and
greater strength than material that ~— oiled.

has been temper rolled, and is
thinner. Either single or double
reduced product is ready for coating
as tin mill products. (The product at
this stage is referred to as black
plate.)

chrome plating line —



RINSE TANK

WASH TANK
5. Once the steel is coated with tin, it is
sometimes passed through a high-
frequency induction or resistance
heater. The tin melts and flows to
form a lustrous coating which is
cooled in water, electrochemically
treated and then rinsed. Finally, the
tinplate is electrostatically coated with
oil. Tinplate is carefully inspected and
may be shipped as coils or sheared
into cut lengths.
PLATER
_—
WELDER
SHEAR HIGH-FREQUENG
INDUCTION
HEATER
OlL & AIR FOG
CLEANING UNITS (
LOOPING
PIT kg
WATER
QUENCH
‘-A CHROME PLATING RINSE
TANK T ELECTROCHEMICAL
TER TREATING
RINSE
TESTING & SHIPPING
7. Chromic acid is a major ingredient of the plating
solution and is the secondary chemical treatment
,, solution.
CLEANING STEERING PICKLE RINSE ANODES POST-TREAT WASHER DRYER

TANK ROLLS TANK TANK TANK



structurals & bars

Buildings and bridges require struc-
tural and other shapes rolled by mills
similar to those shown at right. Among
the most familiar products are the
beams and angles shown being rolled
in the top sketch. Many other shapes
are available, largely for the construc-
tion industry Smaller shaped sections
are also produced on the bar mill
shown in the bottom sketch.

structural & shape mill

1. Steel blooms or billets ready for rolling are brought
to uniform temperature in a reheating furnace. Then
they enter a breakdown stand where grooved,
adjustable, horizontal rolls squeeze the steel in
sequences designed to produce various end
products. The inset drawings show how the steel is
shaped at each rolling stand. A change of rolls in the

same stand produces numerous shapes ranging from

l-beams to sheet piling.

REHEATING FURNACES

PULPIT

BREAK

STAND

PULPIT

ROUGHI

2. From elevated pulpits, operators control the
passes of the hot steel through the stands. The
product may be passed back and forth several
times (except at the finishing stand) reducing it to
smaller cross sections. Edging stand rolls are
retracted from the line when not in use.

bar mill
4. A bird’s-eye schematic of a bar mill is shown at the

bottom of these pages. Two perspective drawings are

presented separately, along with a diagram showing
how grooved rolls shape the hot billets into one type
of bar.

STEEL BILLETS

5. Billets are stocked in special yards.
Inspection devices can detect possible
internal flaws and external
imperfections. In the bar mill, reheat
furnaces bring the billets to rolling
temperature at individually controlled
rates.

6. Roughing and intermediate reducing
stands of rolls aiternately exert pressure
horizontally and vertically to produce
twist-free bars.

RADIANT FURNACES

OCK SHEA.

D OF BAR



OTHER
SHAPES
CHANNEL ANGLE ZEE

WIDE
BEAM SECTION

3. Products leaving the finishing stand are generally
but not always, front-end cropped by a hot saw.
Successive sections are moved along the cooling
bed. When they reach either outside extreme, they
are processed by a rotary straightener and cut to the
length specified by customers. The products are then

GCOOLING ready for shipment.
BED
PULPIT
INTERMEDIA EDGI
STAND STAND
ROLL CHANGING FINISHING
RIG STAND
da
SAW
7. Unique to this
particular mill are
the dual outlet SHIPPING
{/i\rlwishing stands. g%rﬁdp(;LTENER
hile one set of
stands is working, COLD SAW

the rolis can be
changed in the
other to make a
different size or
shape of bar.

ROUND CORNERED
SQUARE BAR

8. Steel bars that are hot rolled into the many kinds of
rounded or flat-sided cross sections, such as oval or
J‘ T m hexagonal, are ordered in sizes ranging from a
[B]¥] T T A fraction of an inch to several inches in diameter Many of
FINI ST the small-diameter bars are coiled. The coils may weigh
up to two tons. Large-diameter bars are pushed out
onto cooling beds and cut to length in straight sections.
Standard shapes and special sections (for example,
small channels or U-bars) rolled on these mills are water
sprayed and moved onto the cooling beds. Many hot
rolled bars require additional processing within the
steel plant before being shipped to customers.
All bars are inspected. Special treatment such as
sizing, turning and centerless grinding are required
. R for many applications. Cold drawing of bars through
4 COILERS COOLING BED special dies produces bars for applications where
FOR STRAIGHT PRODUCTS great strength and precise dimensions are necessary.

ROUND FLAT ZEE ANGLE

SPRAY



steel plate & large diameter pi e

A flat-rolled product that may range in
thickness from less than one-quarter of an
inch to more than one foot, steel plate
serves the public in many essential ways. It
is fabricated, both by platemakers and their
customers, for various uses such as build-
ings, bridges, nuclear reactor vessels, in-
dustrial equipment, ships, machines and
railroads, to name only a few As a single
example of a steel company plate-forming
operation, the manufacturer of large O.D.
(outside diameter) pipe is shown here. Weld-
ed girders or circles formed into domed
“heads” for pressure vessels are among
other plate product processes that might
have been shown had space permitted.
Most plates are rolled from slabs. The mill
stands shown at the right reduce the thick-
ness of the steel without controlling the
straightness of the edges, which can be
trimmed by shears or cutting torches.

EDGE & END

3. The manufacture of large diameter
pipe for such uses as water mains
or oil and gas pipelines begins

steel plate mill SLAB

HEATING
FURNACE

. Hot slabs are individually passed from the heating furnace

through all processes to its finished form. A conveyor table

carries the steel through high pressure water sprays to remove

scale and into the 2-high reversing roughing stand. There it is

passed back and forth in the diminishing space between two rolis to
reduce its thickness. Then the steel goes on to the 4-high reversing
finishing stand. Here the two rolls that squeeze the steel thinner on each
pass are supported by back-up rolls. Automatic gage controis help ensure
uniform thickness and flatness.

large diameter steel pipe mill

U-ING

O-ING

when the ends of the steel plate
are cut square and the edges are
beveled and made parallel. The
edges are then shaped or bent
either with rolls (above) or with a
hydraulic press.

4. The crimped plate is then sent to
the U-ing press where a U-shaped
die forces the steel down between
rocker rolls. The curved die is as
long as the plate and forms half the
pipe circumference.

5. The O-ing press takes a plate

which has been shaped by the U-
ing press, and, using much greater
force, completes the bending to
cylindrical form.

2-HIGH REVERSING
ROUGHING STAND

. The edges of the plate

form a V-notch when
brought together. The
pipe must be welded
on the inside and
outside. For inside
welding, the pipe is
turned seam-down and
drawn on a carriage
over the welding
apparatus which is
mounted on a
cantilever arm or the
pipe may be held
stationary and the
welding apparatus

INSIDE
SEAM WELDING



4-HIGH REVERSING FINISHING STAND

PULPIT

drawn through the pipe. In the welding process,
the notch is filled with molten metal produced
by applying electrical current through welding
wire which fuses the plate edges together.
The process shown is called “submerged
arc-welding” because the surface is

covered with a flux which is melted

by the heat. A vacuum later removes

the flux. A similar process is then

used to produce a weld

seam on the outside.

OUTSIDE
SEAM WELDING

COLD EXPANSION AND
HYDROSTATIC TESTING

2. A leveler is commonly used to improve flatness of the
plate. The schematic drawing below shows a 6-over-5
backed-up leveler, so called because of the arrangement

of the power driven rolls and the other rolls which squeeze
the steel evenly.

7. Expanding steel pipe to give it additional
strength and improved dimensions requires
complex, costly equipment. The welded pipe
is put into hinged dies with a circumference
slightly larger than itself, and the ends of the
pipe are sealed. Water is pumped in until the
hydraulic pressure expands the pipe (as much

as one percent) out to the restraint of the dies.

TESTING & SHIPPING
& TO PIPE MILL

TESTING & SHIPPING



O'l'her 'P'i'Pe & I"ub'ing continuous butt-weld pipe mill

Three ways by which steelworkers make
most of their pipe and tubing are illus-
trated here. They are different from each
other and from the method of forming
large diameter pipe described earlier in
this series. Each process has advantages
for producing certain kinds of end prod-
ucts. For example, the continuous butt-
weld pipe mill (right) makes much of the
standard pipe used in plumbing. The elec-
tric-resistance welded tubing mill (below)
is often employed to make products of rel-
atively high diameter/wall thickness ra-
tios. Seamless tubing is made by the man-
drel type mill (at bottom). Seamiess prod-
ucts are used by the oil, gas and chemical
industries and also for boiler tubing.

UNCOILER LEVELER

SHEAR

COILS OF SKELP

ENTRY CONVEYOR

SKELP HEATI
FURNACE

welded tubing mill  orune rous

ROTARY
SHEARS
COIL OF
SKELP
seamless tube mill (mandrel type)
PIERCING
MILL
SOLID
TUBE ROUNDS
ARY HEARTH
FURNACE
MANDREL
3. Round steel billets, often called tube enter and pierce. Then a cylindrical MILL

rounds, are first heated to a uniform rolling mandrel bar is inserted into the pierced

temperature. A piercing mill rotates the
steel under extreme pressure, which

shell. The desired diameter, wall thickness
and length are obtained as the shell with

causes the metal to open up in the center  the bar inside it progress through

of the round, permitting the mandrel to

successive stands of the mandrel mill. BAR

PINCH
WELDER ROLLS

. The second process, the electric-resistance

welded tubing mill, begins when rotary shears
trim the edges of skelp parallel. The contour
of the forming rolls forms tubing step by step.
Carefully guided by rolls, the tube edges are
electrically welded together by pressure and
the heat caused by steel’s resistance to

4. Once through the mandrel mill, the

seamless tubing is reheated in either a
reheat furnace or an induction heater. The
lengths are then rolled to very precise
sizes either on a sizing mill or on a stretch
reducing mill. In the latter, each pair of
rolls rotates faster than the pair preceding
it, thus stretching the steel and reducing
the tubes’ diameter and wall thickness
simultaneously.

MANDREL
BAR



MAGNET ROLLS

FORMING, WELDING,
AND REDUCING MILL

electricity. The welder wheel has two copper
discs, one positive and the other negative in
charge. In continuous operation, provision is
made to weld the square-cropped end of the
coil to the leading end of the next without
stopping the progress of forming and
welding.

REHEAT FURNACE

INDUCTION HEATER

SKELP LOOPING FLOOR

ROTARY HOT SAW

HIGH-FREQUENCY
WELDER

1. Following the flow of the continuous butt-weld pipe mill (left) a coil of flat-rolled steel
called skelp is drawn through the line by pinch rc..s. A long loop of skelp is created
as a reserve so that pipemaking can continue while the trailing end of one coil is
welded to the leading end of a new one. The skelp is heated to forming temperature
as the steel winds through a long furnace. After exiting the furnace, the skelp edges
are heated to welding temperature, generally with an oxy-acetylene burner. The
skelp is then passed through welding rolls which form the tube and squeeze the hot
edges together to make a solid weld. Sizing rolls correct pipe diameter before saws
cut it to length.

SIZING MILL

<]

COOLING BED

TESTING
& SHIPPING

SAWS

TESTING
& SHIPPING

PRESSURE ROLLS  FLYING CUT-OFF

SIZING MILL

TESTING |
& SHIPPING

STRETCH REDUCING MILL



specidalty steel tubing

Specialty tubing is more economically suited to
the tasks required of it than any other form of
steel or other material.

The products range from boiler tubes to air-
craft hydraulic lines and hypodermic needles. In
all cases, the chemistry, metallurgy, size and
shape of specialty tubing are controlied with ex-
tra care. Most of the product is made by the
seamless tube mills or the electric welded tubing
mills as shown in the flow chart ‘“‘Pipe and
Tubing.”

Other methods of making specialty tubing are
sometimes used for special products which re-
quire precision. Four of these methods are briefly
diagrammed here. All are suited to making small
quantities of very high quality tubing.

PICKLING (CLEANING) TUBES

grooves, or dies, mounted in facing rolis to reduce the tubing MACHINE
over a stationary tapered mandrel. Large reductions are
possible. The “'saddle” formed by the rolis works the outside of
the tubing, and the mandrel works the inside, as the result of
the compressive force. The tapered grooves rock back and
forth over the tube surface, reducing the steel at the taper. The
steel is fed forward through the machine after each rocking
action, and is also turned slightly to prevent the formation of
“ribs” between opposing die surfaces.

FURNACE
hot extrusion
1. In this process, a billet (or round)
has a pilot hole drilled along its
axis or is pierced in a vertical
piercing press. When reheated, the
billet is wrapped in glass wool
which melts to become a lubricant,
It is then placed in the container of
the extrusion press. A stem,
through which runs a glass-
wrapped mandrel, now comes into
play. The mandrel extends through
the hollow billet and out through
the center of a die that is lubricated
with strongly reinforced glass.
During extrusion the stem forces
the steel out between the die walls
and the mandrel, forming a tube in
two or three seconds.
ROUNDS (OR ILLETS)
cold drawing
3. Cold drawing involves pulling tubing through a die, but much
preparation of the steel precedes that operation. Tubing from a
hot mill or weld mill is carefully inspected, cleaned, annealed
and lubricated. One end is swaged, or pointed, to fit easily
through the die so that the jaws on the draw-head (carriage)
can grip it. A hook from the carriage engages a link in the chain
drive on the draw bench (far right) and the tubing is cold drawn
through the die. When there is no mandrel (plug) inside the
tubing being drawn, the diameter is reduced, but the wall
thickness is unaffected. With plugs or a rod inside, both the
outside diameter and wall thickness of the tubing is reduced.
tube reducing TUBE
4. Tube reducing involves a machine that uses matched tapered REDUCING

cupping and drawing

. Cupping and drawing, which

is also called “'piercing and
drawing,” is a process that
has some features in common
with hot extrusion, but is
less commonly used. The
piercing mandrel is not
forced entirely through the
hot billet, and thus forms a
thick-walled cup. This cup
is placed on the end of a
long mandrel that forces
the steel through a series of
progressively smaller dies.
This action forces the metal
back over the advancing
mandrel, forming a tube
with one closed end which
is later sawed off.

The drawing at the right
adds operational
perspective to the
equipment diagrammed
at the left.

CARRIAGE

DRIVE CHA



MANDREL MANDREL

PIERCED DIE
STEEL BILLET STEM

HOT EXTRUDED TUBING

CONTAINER
LINER
CONTAINER

The drawing at the right indicates-how a

piercing mandrel forms a cup. Although

different equipment may.be used, a similar

process, carried entirely through the billet, PROGRESSIVELY DRAW BENCH

is applicable to hot extrusion (above). SMALLER DIES

MANDREL (START)
<SS
THICK WALLED TUBE
CUP (PIERCED BILLET)
BILLET
(OR ROUND) MANDREL (FINISH)
CARRIAGE
DIE
DRAW BENCH
ROTARY TYPE

DIE STRAIGHTENER
ST
MANDREL

5. Cold drawing and tube reducing usually produce a
product requiring a straightening operation. The
rotary type machine is shown at right along with a
diagram illustrating how rolls are shaped and set at
angles to each other in order to straighten the tubing
without crushing it. Some tubing is so delicate that it
is hand-straightened.

TESTING '

& SHIPPING



steel rods & wire

Billets, rolled into steel rods, are the
semi-finished products from which wire
is made. Rods are much like small di-
ameter bars, and are produced in coils.
These coils are then unwound as the
rods are drawn through one or more dies
which reduce their diameter to make
wire. It has been estimated that there
are more than 100,000 uses for wire.

STEEL BILLETS

1. The perspective drawing
below shows the area
where the billets leave the
furnace and enter the
roughing stands.

rod mill

5. Steel rods are prepared for drawing in various ways.
Here, acid cleans the surface; water rinses it; lime acts
as a neutralizer for any residual acid. Mechanical
descaling can also be used. To be a good carrier for a
lubricant, the lime coating on the rods must be
thoroughly dried in a baker. A phosphate coating is also
used. The coated and baked rods are then taken to a
drawing machine. Once a rod is drawn through a die it
is called wire. In a continuous wire drawing machine,
wire properly prepared and lubricated, goes through a
series of dies. Sheave wheels control the tension
between blocks. They also control the speed of each
succeeding motor of the individual draw blocks to
prevent slack in the lengthening wire.

COILS OF
WIRE RODS

HOT MILK OF LIME
OR PHOSPHATE

HOT DILUTE SULPHURIC ACID

wiremaking

L

BAKER
(250-400°F)

3. The first set of intermediate
stands leads the steel to a
dividing point.

2. In the picture above, four billets enter the roughing stands after they
have been brought to uniform rolling temperature in a reheating
furnace. In the roughing stands and in the succeeding intermediate
stands, the diameter of the steel may be reduced from four inches to
as little as % inch. This reduction greatly increases the length of the
steel. Thus, the grooved rolls in each mill stand must turn at a faster
rate than the prior set to handie the increasing length. Each rod is
rolled to a cross section only slightly larger than the opening in the
first die that it will be drawn through to make wire.

SHEAVE
WHEEL

COILS OF
WIRE RODS

LUBRICATING DIE BOX

MILL
PULPIT
INTERMEDIATE STANDS
CONTINUOUS WIRE DRAWING FRAME
DRAW
BLOCK

DIE
BOXES

6. Schematic cross section (not to
scale) of a single-hole wire drawing
die employing a nib of sintered
carbide mounted in a circular
steel hoider.

DRAW BLOCK



4. The looping section of the rod
mill offers various economies in
power usage and speed for
certain kinds of rods. The
finishing mills roll individually,
which prevents the steel from
twisting. In the mill shown here,
rods slightly less than % inch in
diameter are delivered to the
laying cones for coiling at the
rate of about 8500 feet per

LOOPING SECTION minute; larger sizes are rolled
more slowly.
COILS OF WIRE RODS
LAYING
CONES
7. Once the rod is drawn to wire, its of zinc. The wire is water-cooled,
treatment may differ greatly, cleaned with acid, hot water rinsed
coating process depending on the intended use. Heat and then fluxed with a solution of
treatment is common. An estimated dilute zinc ammonium chloride. The
one-third of all steel wire is coated. wire next goes through molten zinc
The hot galvanizing process (left) which metallurgically reacts with the
coats steel wire with a protective layer steel surface, producing a tight bond.
REELS The coated wire is then wiped and
OF WIRE reeled for shipment. Wire is also
galvanized electrolytically.
ANNEALING
FURNACE
QUENCH WATER
HOT DILUTE SHIPPING
HYDROCHLORIDE ACID
HOT WATER
DILUTE ZINC

AMMONIUM CHLORIDE

MOLTEN

TESTING & SHIPPING
WIRE CARRIERS



forging hot steel

Whenever a steel part is to be subjected to
high stresses in service, designers consider
a forging process to make it stronger
Whether the part is a turbine shaft of well
over 100 tons, or a conveyor roller weighing
a few pounds, forging it is likely to squeeze
or hammer more strength for less bulk into
the product than if one of the higher-ton-
nage-making processes were used. Steel
for forging can be made in any steelmaking
furnace, and it may also be degassed or
vacuum melted. In addition to the important
forging processes shown here, others can
well claim advantages in making certain
products. All methods, including extrusion,

2. Many hot forgings are made from billets, which are the
product of either rolling mills or strand casters. In the
example shown here, a section of round-cornered, 4Y-inch
square billet is cut by the saw. Special dies, with the half

mechanical forging, upsetting and roll forg-
ing, “‘knead” the original steel into a denser
structure and bring it so close to its finished
shape that it requires minimal cutting with
machine tools so that very little metal is lost
as scrap.

Compared with the amount of steel rolled
by mills into useful shape, forging accounts
for a small tonnage — but the products of
the forging processes are indispensable.
Some steel plants operate forge shops and
many more sell billets and bars of forging
quality steel to an independent forging in-
dustry that has sales exceeding a billion
dollars annually.

open die forging

closed die forging

LADLE OF
MOLTEN
STEEL

VACUUM

INGOT
MOLD

DEGASSING CHAMBER

3. The steel is placed between the two dies which are hammered

shape of the desired product machined into each, are set for

use in a steam hammer.

BILLET MILL

CUT-OFF SAW

—

together. The hot metal inside the closed dies flows to fili
both halves. Then, machine tools provide the finishing touches to a
new conveyor roller.

DIES



1. As a spectacular example of open die hot forging,
an ingot (below) of alloy steel — vacuum
processed for purity and uniformly heated
throughout — is forged in an hydraulic press to
make a huge turbine shaift. A piston-driven, flat-
faced upper die is forced down on to the steel
ingot which is moved and turned on the bottom die
between reheating sessions. Open die forging is
also done on semi-finished products such as
blooms, billets or rounds. Squeezing rather than
impact, typifies hydraulic press forging. The forged
products are finished by machine tools and
subjected to thorough inspection.

INGOT

Although vacuum processing of steel for forging is
common, it is not necessary for all applications.
Most forgings are made from steel that has first
been rolled into semi-finished form. In the case
shown below, a section of billet is made into a
conveyor roller by the closed die process using a
steam hammer.

HEATING FURNACE

STEAM
HAMMER

_+

MACHINED PRODUCT

HYDRAULIC PRESS

TESTING & SHIPPING



stainless steels

Because its resistance to corrosion is supe-
rior to that of carbon steels and other alloy
steels, the family of stainiess steels is im-
portant for food handling equipment,
energy conversion equipment, hospital and
laboratory facilities and other applications
which must be cleaned with solutions. Cor-
rosion resistance generally increases with
increased chromium content. Steels con-
taining 10 percent or more of chromium

ELECTRIC FURNACE

with at least 50 percent iron are designated
as stainless rather than alloy steels. One of
the most common grades contains 18 per-
cent chromium A wide range of mill prod-
ucts is produced from stainless steels, and
many of the making, shaping and treating
practices resemble those for carbon and al-
loy steels. This steel processing flowline
emphasizes some of the procedures char-
acteristic of stainless steel plants.

—)

INGOT

1. Most stainless steels are melted and
refined in electric furnaces where
close control of the chemical analysis
is maintained. The major raw
materials charged into the furnace are
carefully selected scrap, fluorspar and

lime or limestone. Alloy additions are
made as required.

ARGON OXYGEN
DECARBURIZATION

2. Stainless steels are ofien further
refined by an argon-oxygen
decarburization process. In the
process, the moiten, unrefined steel is
transferred from the electric furnace
into a separate vessel. Oxygen,
gradually replaced by argon, is biown
through the molten steel eliminating

4. Most stainless steel is
cast into ingot molds.
The resulting ingots are
heated to a uniform
temperature and then
rolled by a roughing mill
into blooms, slabs or
billets suitable for further
processing into finished
products.

BLOOMING MILL
OR SLABBING MILL

PRESSURE POURING

5. Another way to produce slabs is by pressure
pouring, which is a process that utilizes air -+

pressure to force molten steel up a tube into
a smooth, carbon-lined mold that is filled with

an inert gas. The result is a smooth slab of
improved surface quality.

VACUUM OXYGEN
DECARBONIZATION

3. An alternate way of pumping gaseous
impurities from molten metal contained
in a stainless ladle-furnace is to use
vacuum oxygen decarburization.

The metal is heated and stirred by an
induced electrical current. Oxygen

is introduced through a water-
cooled lance and solid additions

impurities. are made through a hopper.

6. Strand casting may be used as an

alternate to the ingot process for
stainless or other steels. Molten metal
enters the machine at the top and is
cooled from the outside towards the
center starting in a mold that gives initial
form to billets and slabs. There is
generally an energy savings as
compared to the ingot process.



ANNEALING FURNACE CONDITIONING GRINDING

7. Surface quality on semi-finished stainless is particularly BAR MILL
important in succeeding steps towards finished products.
The grinder shown above is one method that is used to
remove imperfections before they can be rolled into the
steel. Conditioning is done after annealing.

PICKLING & ANNEALING LINE

TAKE UP REELS ?

SHEAR DRYER PICKLING TANKS

TESTING & SHIPPING

=
2 HIGH REVERSING MILL SENDZIMIR MILL

9, Cold-rolled stainless strip is made from the hot-rolled  10. Another way to cold-reduce stainless
and pickled product, generally on a four-high reversing steel is with a Sendzimir mill. Here
mill. The coils unwind from one reel and are moved small work rolls, heavily reinforced by
through the work roils which reduce the thickness and clusters of back-up rolls, enable the
increase the length of the sheet before it is recoiled. Sendzimir mill to control gage better
Then the.process is reversed until the required than another type of mill at less
thickness and/or strength is achieved. capital equipment cost and to roll

thinner strips.

HOT STRIP MILL

®
O}

HIGH SKIN-PASS OR PLANISHING MILL

11. Cold-rolled stainiess steel sheets are
produced in several kinds of finishes. A *'skin-
pass” between highly polished rolls produces
one of the more frequently used roiled
surfaces. Such surfaces are often polished
with fine abrasives and buffers to make
extremely fine or decorative surfaces.

8. About 60 percent of all stainless

is shipped in the form of hot- and
cold-rolled sheet and strip. Many
stainless steels require greater
roll-pressure to roll than most
carbon and alloy steels, and
their cross sections are reduced
more gradually, than most other
steels.

Great care is taken to preserve a
good surface during the heating,
cleaning and rolling processes
so the final surface will have
good stainless quality.

COOLER QUENCH FURNACE
PAY-OFF REELS

TESTING
& SHIPPING
SHEETS, COILS
& BARS
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Tool steels are highly sophisticated high carbon and

alloy materials which get their name from the fact that

they are used mostly for cutting, shaping, forming and

blanking steels and other materials. They have addi-

tional applications in which strength, toughness, re- v]
sistance to wear and other special properties are re-

quired. An outstanding characteristic of American tool

steel manufacture is the extreme care taken at each

step to meet very high metallurgical specifications.

1. Tool steel ingots are cast from electric arc furnace or

induction furnace steel. Hot ingots are rough rolled HYDRAULIC STEAM
or forged to shape the metal and improve its PRESS HAMMER
properties. The care used to obtain high surface FORGING FORGING
quality and uniformly sound steel cannot be shown in ANNEALING
detail in this simplified flowchart, but it is a vital part EFURNACE
of the process.

INDUCTION

FURNACE

INGOT

—

ELECTROST
MELTIN
2. Electric arc furnaces, melting
carefully graded scrap and
alloying additions, are the
principal sources of molten metal . . i
e for tool steels. Most of their melting, -ucible is X s H
output is cast into ingots as are scrap, which 1elted and
smaller batches melted and stirred as above, with molten ste The
refined in electric induction amoves impurities om the metal In arc
furnaces. The ingots from both melting, a eylinder is melted (or and
processes are then hot rolied or sdeposited like a weiding electrode. is
forged (above). In special cases degassed by vacuum as the metal into a mold.
other melting and remelting remelting also uses for melting
processes come into play (right). a electrode but the are
a slag floating on the metal.

case produces a finer grain size than an ingot
duct.



BLOOMING
MILL

BILLET
MILL

HEATING

4. Solid steel from the remelting processes is reheated
and then formed like the ingots of electric furnace
steel. Surface chemistry and temperature control are
important factors in tool steel product manufacture.

HOT-ROLLED BARS

CONDITIONING
GRINDER

5. Surface conditioning of semi-

finished tool steel is careful and
time-consuming work. About 80
percent of tool steel products
leave the mills as bars and rods,
mostly in the hot rolled form. A
tool steel bar mill reduces the
cross section of billets gradually.
Temperature of the steel is
controlled at certain levels to
bring out various properties in the
steel. Plates, sheets, strip, wire
and forgings are also shipped by
too! steel manufacturers. Further
finishing of some mill products is
often required and four major
methods are sketched at right.
Numerous machining and heat
treating operations may be used
by fabricators of finished
products.

6. Centerless grinding
removes the entire
surface of round
sections of tool
steels such as drill
rods. This process
produces an
accurate finish.

7. Machining or planing
flat surfaces provides
a high quality
surface.

8. Cold finishing bars
are hot rolled and
annealed bars that
are drawn through
dies that are smaller
in diameter than the
rolled cross section,
thus stretching the
steel throughout and
providing a smooth
surface.

9. Straightening
involves a machine
with specially
positioned rolls to
remove possible
bends in certain
products —
principally bars.

TESTING & SHIPPING



Environmental control systems within the
steel industry involve a variety of operations
from cleaning water to covering conveyor
belts. IHustrated here are some of the major
processes used to clean air and water in
the steelmaking process.

Cascade rinse involves water usage in rinsing operations. The

amount of water needed is minimized by re-using rinse water from
each stage in the next. This reduces the effluents and reduces the

purification required.

@
Many types of testing including those
shown here are used by the steel industry
to improve product quality and uniformity.
Brief descriptions of each type of testing

shown are provided although the tech-
nology involved is very complex.

Magnetic particle testing works by means of the
properties of magnetism. Finely divided magnetic
particles concentrate at surface cracks when a magnetic
field is induced in steel products. The cracks which, in
effect, form new magnetic poles, would otherwise be
invisible to the unaided eye.

em

OIL SKIMMER

Oil skimmers recover oils which float to the surface
of waste water streams.

Scale pits are settling basins are used to remove
solid materials and oil from the water used on
rolling mills. These solids are mostly mill scale, the
flakes and particles of iron oxide that form on steel
during heating. The solids settle to the bottom of
the basin, from which they can be dredged for
recycling. Oil rising to the surface of the basin can
be skimmed off and reprocessed.

& research

Eddy-current testing is
one of the major
nondestructive tests. A
current is induced in the
article being tested. If
breaks are found in that
current, they are
measured to locate the
flaws that disturbed the
electrical flow.

Clarifiers are round basin devices used
for a two-step water cleaning system. In
the first step, chemicals are added to
waste water causing particulate matter

- to cluster into heavy particles. During

the second step, these heavy particles
settle and are removed from the bottom;
clear water overflows. Remaining oils
are skimmed from the top of the
clarifying basin.

Bag houses are devices which function on the same
principle as a vacuum cleaner. Exhaust air is pulled through
large cloth or fiberglass bags. There may be over 5,000 bags
in one facility. By reversing the air flow, the bags are emptied

and the dust collected for disposal.

Atomic absorption analysis is a method used
to analyze very small quantities of various

Hydrostatic testing
involves water pressure.
Pipe ends are sealed
and high-pressure
water is pumped in at
specific pressure. A
significant drop in the
measured test pressure
can indicate leaks.

elements in steel. The dissolved sample is put
in a high temperature flame and subjected to
excited atoms of the element to be measured.

The percentage of this
element is then
calculated from the
drop in intensity of the
excited atoms.



Acid neutralizers are used
in the chemical treatment of
water to eliminate acidity

and remove iron

compounds from solution.

Electrostatic precipitators are air cleaning devices in which dust-
laden exhausts are passed through chambers equipped with high-

voltage wires strung equidistant between parallel plates. The
electrical discharge from the wires produces an electrical field that
puts a charge on the dust particles and causes them to be attracted
to grounded plates where they adhere. The plates are struck with

rappers and the dust falls into bins for disposal.

Electron microscope is an
instrument that focuses a
beam of electrons. These
electrons take the place of the
more conventional beam of
light. Images are formed on a
fluorescent screen or on a
photographic plate.
Magnifications of up to
1,000,000 times are possible.

X-ray gage testing is used for

measuring thickness of steel

products as well as the thickness

of different types of metallic
coatings applied to the steel.
Basically x-ray or beta-rays of a
calibrated intensity are directed
at the steel. The intensity of the
rays passing through the steel is
measured. The amount of rays
absorbed by the steel is
proportional to the thickness of

the steel.

Cooling towers are huge
facilities which reduce the
temperature of water by
contacting it with the air.

Fume removal involves systems
of ducts, hoods and fans to
capture fumes generated in
various operations.

Ultrasonic testing searches for internal
imperfections by sending high-frequency sound
waves through the steel. Imperfections reflect the
sound waves and this is measured by an
oscilloscope.

Deep bed filters remove
particulate material and oil from
water by passing it through a
bed of sand or similar finely
divided material.

Spectographic analysis is
commonly used by the steel
industry for rapid chemical
analysis of numerous
elements. It is based on the
fact that each element,
when burned in an arc,
emits radiation of
characteristic wave lengths.
The intensity of this
radiation is measured
electronically and the
chemical composition

of the steel is

displayed or

recorded.



steel processing glossary

Acld neutrallzalion — Chemital freatment of water 1o elimaate
Azidity.

Arneallng — The procass af healing steel and then cogling il Sicwly
te induce softness,

Baghause — An air pollulion control device wsed Lo drap pariecies by
Tillering gas streams hrough Brgd cloth o hbarglass bags.

Basic oxygen furnage (BOF) — The chel melhod of producing steel.
The lurnaca is chargad wWith mallen irgn frem a blast furnece and
sler| scrap. Oxygen is lgwn info the furnace Y high velooty to
Speed combustion and refine the iron and scrap.

Billel — Sani-tirmshed product that has peen rolled or forgad fram
an ingot of strand cast. Usually has a square cross seclion |ass than
36 squary inches.

Black piale — Sleal plate o1 12 Lo 37 inches wide produsad in i bn
rmull by cold reduclion. prior b& any cleaning operatien.

Blast lurnace — The lurnace used bo produce iren. A blast of hot air
ig Blgwen theaugh the charge af iren ore. coke and bmestone, The
coke DUMNS, gerrtting gases Wat reduce Ihe ara to metallic irgr. The
IFrestone cambines with mnpueifees and Forms slag.

Bloam — Semi-finished proguct that nas been rolled or ferged fram
an ingot or 3rand cast Usually hag o sguare cross sachon
axceadfing 36 square inches

Clarlligr — A setling lank where solids are mechanically remaverd
from wasle waler

Cokd drawlng — Process of reducing the orass-secroral diamater of
tubesg of wiie by drawing them through dies withou! previcusly
heating the matenal

Cupping — Process of formung lubolar or closad cylindrical products
fram a flat plate The plane is heated prior o forming

Eleclric are fumaca — A methad of produting steel to exacting
specilicabigns. The lumacea iz charged with selecled stoel serap,
limesiana and cther additives. Heal supplied by an electric are mells
and refines the charge

Hot exirualon — The fariing of material of conlinuous cross sechen
By forcitrg if through a die in & press.

Ingal — Metal cast nto a mald. It has to e relled or forged bo be
usable. Can weigh as much as 30 tons.

Mandrel — Shaft on which work already bored is mounted for
turning, milhng, 412, AlSa a rod used to retain ihe cavity in hollow
mekal products duding thar processing.

-Ing press — A press that takes & pale thal has been shapad by
the Ll-ng prass, and. using much greater forge, completes the
panding 1a cylindrical 1grm,

Flckling — Frocess of chemigally remgving scale or Ooxide Irom melal
ohjpects ta ablain a ¢lean surface

Planishing — Production o1 a supeérior frish on a prawvioushy rolled or
forged product, accomplished by dassing the bar ar other pradust
through chill cas! or herdened stgel ralls gr by hammerng withe 3
smagih-faced hammer.

Reversing mill — Rolbng mill dessgned s¢ the dirgchon the rols ano
turming ¢an b rgversad Tollowing each pass of matenal, This
rolalion can ke repaated whbtil (he desired raduction is atlaineo.

Roughlng sland — Mill used for prelminary roilng.

Sendzimlr mlll — Hemed after 12 inventor, Thaddows Sendeimir. N s
B cold reduction mill,

Skedp — Steel sheat or plate 1r0m wiiceh welded tubing or
pipe is madg.

Slab — A rectangular sem-hrished prodoct Rotrolled doaws Traem an
ingot ar strand cast.

Tube reduser - Machmng Llhal uzes a pair of ralls for cald relling
[ubing and rod.

U-ing swets — Fross where a U-shaped die forces 1he atesl down
Berlwesn rocker ralls.
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