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This unit mainly introduces the materials used for the parts of dies and molds the
processes and methods of material heat treatment and the selection of typical mold steels and
so on which include several sections as follows

1. Carbon steels
Alloy steels
Cold work die steels and hot work mold steels
Selection of typical mold steels

The purposes of heat treatment of materials

o AW

Types of heat treatment of materials.

Carbon steels are used extensively in die and mold parts. Carbon steels are those steels
which only contain iron and carbon and small amounts of other alloying elements. Carbon
steels are the most common and least expensive type of steel used for dies and molds. The
three principal types of carbon steels used for die and mold parts are low carbon medium
carbon and high carbon steels. Low carbon steel contains between 0. 05% and 0. 3%
carbon. Medium carbon steel contains between 0. 3% and 0. 7% carbon. And high carbon

steel contains between 0. 7% and 1.5% carbon. As the carbon content is increased in carbon



steel the strength toughness and hardness also increase when the metal is heat treated.

Low carbon steels are soft tough steels that are easily machined and welded. Due to
their low carbon content these steels cannot be hardened except by case hardening. Low
carbon steels are well suited for the following applications unimportant die and mold parts
upper and lower shoes and similar situations where strength and wear resistance are not
required.

Medium carbon steels are used where greater strength and toughness are required. Since
medium carbon steels have a higher carbon content they can be heat-treated to make parts
such as studs plus axles and nuts. Steels in this group are more expensive as well as more
difficult to machine and weld than low carbon steels.

High carbon steels are the most hardenable type of carbon steel and are used frequently
for parts where wear resistance is an important factor. Other applications where high carbon
steels are well suited include guide pin bushings guide pins punch and wear pads. Since
the carbon content of these steels is so high parts made from high carbon steel are normally

difficult to machine and weld.

Alloy steels are basically carbon steels with additional elements added to alter the
characteristics and bring about a predictable change in the mechanical properties of the alloyed
metal. The alloying elements used most often in steels are manganese nickel molybdenum
and chromium. They can have the general name of manganese steel nickel steel
molybdenum steel and chromium steel according as their specific content of the alloying
elements in alloy steels.

Although alloy steels contain elements such as chromium molybdenum and vanadium
two constituents are essential for heat treatment iron termed ferrite in metallography and
carbon which combines with iron to form cementite the hard intermetallic compound Fe,C.
These two constituents from a eutectoid structure known as pearlite when the steel is cooled
slowly enough to reach equilibrium but by rapid cooling the steel is hardened. When such a
quenched steel is tempered structures with mechanical properties intermediate between those
of the slowly cooled and the quenched conditions are formed.

In recent year there has been a greater understanding of the complex structural changes
taking place during heat treatment with the help of phase transformation diagrams. Use of
these diagrams can lead to better control of the heat treatment cycle which in turn will ensure
optimum properties and maximum die life are achieved.

Stainless steel is a term used to describe high chromium and nickel-chromium steels.
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These steels are used for molds which must resist high temperatures and corrosive
atmospheres. Some high chromium steels can be hardened by heat treatment and are used
where resistance to wear abrasion and corrosion are required. Typical applications where a
hardenable stainless steel is sometimes preferred are plastic injection molds. Here the high
chromium content allows the steel to be highly polished and prevents deterioration of the

cavity from heat and corrosion.

The specific material selected for a particular dies or mold is normally determined by the
mechanical properties necessary for the proper operation of the dies and molds. These
materials should be selected only after a careful study and evaluation of the function and
requirements of the proposed tool. In most applications more than one type of material will
be satisfactory and a final choice will normally be governed by requirements from customers
for dies and molds such as performance and economic considerations for dies and molds.

The principal materials used for dies and molds can be divided into two major
categories cold work tool die steel and hot work tool mold steel such as carbide steel
alloy tool steel carbon tool steel high-speed steel high alloy steel high carbon steel low
carbon steel shock resistance tool steel and so on. To properly select a die or mold material
there are several physical and mechanical properties you should understand to determine how
the materials you select will affect the function and performance of the die or mold ' .

Physical and mechanical properties are those characteristics of a material which control
how the material will react under certain conditions. Physical properties are those properties
which are natural in the material and cannot be permanently altered without changing the
material itself.

These properties include weight thermal and electrical conductivity rate of thermal
expansion and melting point. The mechanical properties of a material are those properties
which can be permanently altered by thermal or mechanical treatment. These properties
include strength hardness wear resistance toughness brittleness plasticity ductility
malleability and modulus of elasticity.

From a use standpoint die and mold steels are utilized in working and shaping basic
materials such as metals and plastics into desired forms. From a usefulness standpoint die
steels are of the performance which are capable of being hardened and tempered and wear
resistance high hardness sufficient anti-impact strength. Mold steels are of the performance
which are capable of being hardened and tempered and heat resistance corrosion resistance

and wear resistance.



Die and mold steels are relatively especial steel products they have a very important
application in production of the die and mold products such as deep-drawing dies stamping
dies extrusion dies piercing dies bending dies pressure die-casting dies forming dies
blanking dies and thermoplastic and thermosetting molds. They are playing a more and more

important role in die and mold industry.

The processes developed for molding plastics and the different processing properties of
the plastics lead to different loads which must be taken into consideration not only in the
design but also in the selection of the materials required for molds. Steel has the ideal
qualifications because its properties can be modified by alloying elements special production
processes and heat treatment and it can be adjusted to various requirements.

The most important requirements for the mold steels are

® high compressive strength expected even at high temperatures

® wear resistance

® great toughness

e corrosion resistance and good thermal conductivity.

Also the mold maker expects the following properties

® good machine ability

® oood hobbing capabilities where required

e dimensional stability during heat treatment

® good polishing properties

e surface texturing without difficulties where required .

Finally the mold steel should be readily available and should be have a requirement that
demands a standardization of sizes and universally suitable types of steel.

Considering the various stresses to which the mold material is subjected it is
understandable that not all conditions can be met with one grade of steel. The experience of
many years and the close cooperation between steel producers and consumers have led to the
development of mold steels that can be divided into the following groups nitriding steels
case-hardened steels prehardened steels fully hardened steels corrosion-resistant steels

maraging steels hard material alloys.
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The main purpose of heat treatment for die-making and mold-making materials is to
control the properties of a specific metal or alloy through the alteration of the structure of the
specific metal or alloy by heating it to definite temperatures and cooling at various rates. This
combination of heating and controlled cooling determines not only the nature and distribution
of the microconstituents which in turn determine the properties but also the grain size * .

Heat treating should improve the alloy or metal for the service intended. Some of various
purposes of heat treating are as follows

1. To remove strains after cold working such as forging rolling

2. To remove internal stresses such as produced by drawing bending extruding or
welding

3. To increase the hardness of the material and wear-resisting properties

4. To improve machinability

5. To improve the comprehensive performance of material on purpose such as
normalizing

6. To soften the material as in annealing

7. To improve or change properties of a material such as corrosion resistance heat

resistance or others as required.

—The process of annealing consists of heating the steel to an elevated
temperature for a definite period of time and usually cooling it slowly. Annealing is done to
produce homogenization and to establish normal equilibrium conditions with corresponding
characteristic properties. In view that die and mold steel is generally purchased in the
annealed condition sometimes it is necessary to rework a die or mold that has been
hardened and the die or mold must then be annealed.

The steel is heated slightly above its critical range and then cooled very slowly.
—Involves heating the material to a temperature of about 55 —100C above
the critical range and cooling in still air. This is about 55C over the regular hardening
temperature.
The purpose of normalizing is usually to refine grain structures that have been coarsened

in forging. With most of the medium-carbon forging steels alloy normalizing is highly



recommended after forging and before machining to produce more homogeneous structures
and in most cases improved machinability * .

High-alloy air-hardened steels are never normalized since to do so would cause them to
harden and defeat the primary purpose.

—This is the process of heating quenched and hardened steels and alloys to
some temperature below the lower critical temperature to reduce internal stresses setup in
hardening.

—This is the process of heating to a temperature above the critical range and
cooling rapidly enough through the critical range to reduce to appreciably harden the steel.

—The addition of carbon to the surface of steel parts and the subsequent
hardening operations are important phases in heat treating. The process may involve the use
of molten sodium cyanide mixtures pack carburizing with activated solid material such as
charcoal or coke gas or oil carburizing and dry cyaniding.

—It is a form of annealing which in the process of heating and cooling
steel produces a rounded or globular form of carbide—the hard constituent in steel.

Steels are normally spheroidized to improve machinability. This is accomplished by
heating to a temperature of 749 — 760°C for carbon steels and higher for many alloy tool
steels holding at heat one to four hours and cooling slowly in the furnace.

—This is a method of relieving the internal stresses set up in steel during
forming cold working and cooling after welding or machining. It is the simplest heat
treatment and is accomplished merely by heating to 649 —732°C followed by air or furnace
cooling.

Large dies are usually roughed out then stress-relieved and finish-machined. This will
minimize change of shape not only during machining but during subsequent heat treating as
well.

Welded sections will also have locked-in stresses owing to a combination of differential
heating and cooling cycles as well as to changes in cross section. Such stresses will be the
considerable movement in machining operations.

—During the past 20 years several processes have been introduced
to obtain enhanced surface hardness of steels. Some of them have developed from case
carburizing and nitriding to obtain faster processing times with better environmental control of
and improved properties. Various salt bath processes have been used and now a wide range of
new methods is available.

In the die casting industry surface treatments are applied to steels to improve the
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properties of nozzle ejector pins cores and shot sleeves to provide maximum resistance to
erosion pitting and soldering. Treatment of die cavities has received only limited acclaim

because the complex thermal patterns produced on large die components lead to stresses which
are sufficiently high to break through the thin surface treated layers leading to premature
failure. Experience in drop forging has also indicated that surface treatments of the their dies

have not been particularly successful.
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