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Chapter 1

Introduction of Die & Mold Materials

Lesson1 Steels

Steels ( first made in China and Japan around 600 —800 AC) are generally divided
into the categories of carbon steels and alloy steels (including tool steels) .
Carbon Steels

Carbon steels are used extensively in tool construction. Carbon steels are those

steels which only contain iron and carbon, and small amounts of other alloying cle-
ment~ Carbon steels are the most common and least expensive type of steels used for
tools. The three principal types of carbon steels used for tooling are low carbon, medi-
um 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: tool bodies, handles,

die slioes, 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 ~tuds, pins. axles, and nutx Steels in this group are more expen-
sive 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 fre-

quentls for parts where wear resistance is an important factor. Other applications where
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high carbon steels are well suited include drill bushings, locators, 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

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. Alloy steels are not normally used for most tools due to their increased
cost, but some have found favor for special applications. The alloying elements used
most often in steels are manganese, nickel molvbdenum | and chromium.

Another type of alloy steel frequently used for tooling applications is stainless
steel. Stainless steel is a term used to describe high chromium and nickel-chromium
steels. These steels are used for tools 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 applica-

tions where a hardenable stainless steel is sometimes preferred are plastic injection mol-

ds: Here the high chromium content allows the steel to be highly polished and prevents

deterioration of the cavity from heat and corrosion.

Questions

1. How are carbon steels classified?

2. What categories are steels generally divided into?

New Words and Expressions

generally [ ‘dzenorali] adv. —f&, BE, — &M

category [ 'ketigari] n E#, ok

carbon steel BEW

alloy steel L2

element ['elimont ] n 2%, nk, BAH; o

principal ['prinsap(s)l, -sip-] adj. £ &, H&4

heat treat F 0k

machine [ mo' fiin] n. MEB, B o MEHE, AEFmL
weld [ weld] o, B n BE, 548



handle [ theendl |
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A,

n. 4, eF, ek o f¥E; EH; £

¥, &E; R
die shoe n. REHp
stud [ stad] n. FkEH#
pin [pin] n. 4T, 45, &
axle ['aksl] n Hr, 4, 4
nut [ nat] n. ¥EE
hardenable [ 'ha:donabl ] adj. T&ﬂ:éﬁ
frequently [ 'fritkwantli] adv. &%, WEH, 2FW
wear resistance -H'&'f:t
drill bushing 25
locator [ lou'keita] n 28 (AFREZH); £
wear pad i B HAR
alter ['oatlte] v. BE
predictable [ pri'diktab(2a)1] adj. THZE
manganese [ ,menge'niiz, n. (4] 4& (EHF5#H Mn)
‘maepgani:z ]
nickel ['nikl] n. [4] 4, 4F
molybdenum [ ma'libdinom ] n. [#] 48
chromium [ 'kroumjom ] n. (] %

resist [ri‘zist]

corrosive [ ko'rousiv ]

o, WAL, BH, H; SR4E
adj. BAk&y, PRINE, BhRMY n Bk

4, Brk
abrasion [ o'breizon] n. B
preferred [ pri'fo:d] adj. Hikty

polish ['polif]

n. Bh; £F u BE,AE, BA
n. X3IR, iB4k; B %

deterioration [di,tiaria'reifon]

xxxxxxxx

1. Carbon steels are those steels which only contain iron and carbon, and
small amounts of other alloying elements. Carbon steels are the most com-
mon and least expensive type of steels used for tools.

BN BRABRMEMMGHUFEAR S EFOA LA ETHRGOM, ZRE
—FRF LY, RENHE LRGN,
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R, 3bé) P which 2 % A K3, 3| FTEME, 54537 @6 %7 steels, FH 74
%X iEM A P 235, used for tools & it & 485G B X 1&, B4 U3
steels, €47 F [ F—AZ &M 4] which/that are used for tools,

2. Low carbon steels are well suited for the following applications: tool
bodies, handles, die shoes, and similar situations where strength and wear
resistance are not required.

B RBARESTATRSG: TAEA A, RHAR -2 RZRKBE
o et Ve 6 AU L

3. High carbon steels are the most hardenable type of carbon steel and are
used frequently for parts where wear resistance is an important factor.
BN HBARRTRAY—FHHER, HFA T e BrEREF HGHM4,
R4 & b where £ £ £ 8149, 3| FEEMNE,

4. Some high chromium steels can be hardened by heat treatment and are
used where resistance to wear, abrasion, and corrosion are required.

B —kHemd R Rt @R, A TAHER, FRXABRELY
&

5. Typical applications where a hardenable stainless steel is sometimes pre-
ferred are plastic in jection molds: Here the high chromium content allows the
steel to be highly polished and prevents deterioration of the cavity from heat
and corrosion.

BY: FRATRARFAGRA OB EHABL. AAZHESBERR
M R RIFA IR, R EEBH LR TR B ARG EL,
4T, Mé) F prevent. .. from FH “FIL, R,

Exercise

Fill in the blanks with the proper words.
1. The three principal types of carbon steels used for tooling are low carbon,
carbon, and high carbon steels. ‘
2. Low carbon steels are , tough ‘steels that are easily machined and
welded.
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3. Since medium carbon steels have a higher carbon content they can be heat

treated to make parts studs, pins, axles, and nuts.

4, the carbon content of these steels is so high, parts made from
high carbon steel are normally difficult to machine and weld.

5. Alloy steels are not normally used for most tools their increased

cost, but some have found favor for special applications.

Reading Materials (1)
The Function of Alloying Elements in Alloy

Various alloying elements are added to iron in order to impart certain properties.
These are summarized below. The major detrimental effects are stated in parentheses.

Carbon; hardenability, strength, hardness, and wear resistance.

Nickel: strength and toughness; minor effect on hardenability.

Chromium: strength, toughness, hardness, and wear resistance; increases depth
of hardness penetration in heat treatment.

Molybdenum: hardenability, wear resistance, toughness; strength, creep resist-
ance, and hardness at elevated temperatures.

Vanadium: strength, abrasion resistance, hardness at elevated temperatures; in-
hibits grain growth during heat treatment.

Copper: resistance to atmospheric corrosion, improve strength with little loss in
ductility. (Can adversely affect surface quality and hot-working characteristics. )

Manganese ;: hardenability and ductility.

Lead: machinability. ( Causes liquid-metal embrittlement. )

Sulfur: machinability. ( Lowers impact strength and transicrse ductility; impairs
surface quality and weldability. )

Silicon ; strength, high electrical conductivity ; decreases magnetic hystcresix loss.

Plhosphorus: strength, hardenabilify, corrosion resistance, machinability. ( De-
creases ductility and toughness. )

Boron: hardenability.

Tungsten and Cobalt: strength and hardness at elevated temperatures.

Cohimbium (Niobium) : fine grain size, strength, lowers transition temperature.
Tellurium: machinability of leaded steels.

Zirconium and Cerium: control shape of inclusions (sulfides) and improve tough-

5



ness in high-strength, low-alloy steels.
Aluminum, Silicon and Calcium; added to steels during solidification to remove

oxygen and nitrogen.

New Words

impart n %F (KEHEFH); #&; 44, &
&

detrimental adj. HEH

hardenability n. (%] AWK, ZFEKE, TEHEKE

vanadium n. [1}’] R, 455

ductility n. Btk FHME, M

sulfur n. [1L] Ak o BABRA

transverse adj. HE18G, BBTES

hysteresis n. HEER; (4] EEAER

phosphorus n. [#] %

tungsten n. (] 48

cobalt n [4L] & (HF5H Co); £ FH; &
MeyRKE

columbium n. (4] 4

niobium n. [1&] 48 [ 8% columbium]

tellurium n. [4L] #

zirconium n [ft] &

cerium n. [4] 4

aluminum n. [t] &

solidification n. BHE

Lesson2 Heat Treating of Steel

Specifications for heat-treating processes are among the most important of those
shown on an engineering drawing. Proper heat treatment is a powerful tool for develo-

ping the best possible properties that a material can possess. In general, heat treatment

may be described as a combination of heating and cooling operations, timed and applied

to a metal or an alloy in the solid state in a way that will produce desired properties.
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Principally, heat treatment is used to produce strengthening, but some heat-treating
processes soften, toughen, or otherwise enhance properties.

Internally, a metal or alloy consists of one or more kinds of atoms packed together
in orderly three-dimensional arrangements called crystals. The crystals, in turn, are
bonded together in diverse ways which are described in terms of microstructure or grain
structure. Any given structure can be altered to some extent by plastic deformation from

compressive, tensile, or shear forces, but the available time-temperature treatments

provide a greater variety of properties. Heat treatments are carefully controlled combina-
tions of such variables as time, temperature, rate of temperature change, and furnace
atmosphere. The selection of a specific treatment must be based upon knowledge of the
properties desired in the finished part.

There is available today a multitude of metals and alloys designed for various pur-
poses. There are also many different heat-treating processes. Not all the treatments can
be used with each metal or alloy. In other words, the treatment selected must be one
that is compatible with the specified material. Heat treatment cannot be selected inde-
pendently of material. One is just as important as the other.

Reasons for Heat Treating

IF'errous Metals.  Ferrous parts are heat-treated for several reasons; to relieve inter-
nal stresses, to change the icrostructure by refining the grain size or producing uniform
grain throughout a part, to alter the surface chemistry by adding or deleting elements,
and to strengthen a metal part.

Treatment of Ferrous Materials. Iron is the major constituent in the steels used in
tooling, to which carbon is added in order that the steel may harden. Alloys are put into
steel to enable it to develop properties not possessed by plain carbon steel, such as the
ability to harden in oil or air, increased wear resistance, higher toughness, and greater
safety in hardening.

Heat treatment of ferrous materials involves several important operations which are

customarily referred to under various headings, such as normalizing, spheroidizing,

Stress relieving, annealing, hardening . tempering, and case hardening.

Normalizing involves heating the material to a temperature of about 100 — 200°F
(55 -100°C) above the critical range and cooling in still air. This is about 100°F
(55%C) 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, alloyed and unal-

loyed , normalizing is highly recommended after forging and before machining to produce

7



more homogeneous structures, and in most cases, improved machinability.

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

Spheroidizing 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.

Tool steels are normally spheroidized to improve machinability. This is accom-
plished by heating to a temperature to 1380 — 1400°F (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.

Stress Relieving. 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 simp-
lest heat treatment and is accomplished merely by heating to 1200 - 1350°F (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 combina-
tion of differential heating and cooling cycles as well as to changes in cross section.

Such stresses will cause considerable movement in machining operations.

temperature for a definite period of time and, usually, cooling it slowly. Annealing is

corresponding characteristic properties.

Tool steel is generally purchased in the annealed condition. Sometimes it is neces-
sary to rework a tool that has been hardened, and the tool must then be annealed. For
this type of anneal, the steel is heated slightly above its critical range and then cooled
very slowly.

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

Tempering. This is the process of heating quenched and hardened steels and alloys
to some temperature below the lower critical temperature to reduce internal stresses set-
up in hardening.

Case Hardening. The addition of carbon to the surface of steel parts and the subsc-
quent hardening operations are important phases in heat treating. The process may in-

volve the use of molten sodium cvanide mixtures, pack carburizing with activated solid

8



material such as charcoal or coke. gas or oil carburizing, and dry cyaniding.

Qucstions

1. What are the common methods of heat treating?

2. What is the purpose for heat treating of steel?

New Words and Expressions

microstructure [ 'maikrou'straktfs]

tensile [ 'tensail ]
shear [ [io]

furnace [ 'fornis]
multitude [ 'maltitju:d]
be compatible with
specify [ 'spesifai]

independently [ indi'pendontli]
ferrous [ 'feras]

refine [ri'fain]

grain size

uniform [ 'jurnifoim ]

normalizing [ 'no:molaizip ]
spheroidizing [ *sfioroidaizip]
stress relieving

annealing [ &'ni:lip ]
hardening [ *ha:danig ]
tempering [ 'temparip ]

case hardening

homogeneous [ ,homau'dziinjas ]

machinability [ mafiina'biliti]

n LM, RAEH

adj. TiKey, THKe; [(#] %k
NEg, A

v W, W, oo W, b, W
V]

n T, By

n B, B

5 ...... fé(a\, .‘.ﬁ

u $5E, BRE; #@mit¥l; FINFE
#

adv. T3 ¥, A Ik

adj. 485, S4keh; (L] BHY
ot Mk, Hrdl

BE, BERT, £&HEE [ K]
adj %.—%8, FMEH, —KH n
FR o ER—H

n 1EX

n kAL (&)

Vo bk S

n iEK

n #X

n ®X

F &) 2id

adi. Bl E&; MMmey; M —,
9¢4

n BURAe M, br#ltE

Y P i



air-hardened [ 'esha:dand] ad, & (%) B (4) &, B

B
accomplish [ o'komplif] v AR
furnace cooling (M) tP i
finish-machined adj. ¥ Lt
welded section pe¥: JE -]
locked-in [ 'lokt'in] adj. FE &
elevated [ 'eliveitid ] adi B, BEY; PR
homogenization [, houmadzsnai‘zeifon] n (35) %4k, ¥/, BRI,
s—4c
equilibrium [,izkwi'libriom] n F8; F¥; H4, RETHYS
A RE, X%
critical temperature 29 514 4
subsequent [ 'sabsikwant ] adj. 5 kth, FHEH
molten sodium cyanide Y5 &R0 AL
carburizing [ 'ka:bjuraizip ] WK H, B
charcoal [ 'tfarksul] n KE
coke [ kouk ] n B v (&) RER
cyaniding [ 'saionaidip ] n ®i
P
iNotes ;

1. In general, heat treatment may be described as a combination of heating
and cooling operations, timed and applied to a metal or an alloy in the solid
state In a way that will produce desired properties.
EX: 8%, REBEBRE AT EI bR —THREJ TR A b dneh—
Ao AE, AR RFGERGHEE,
fR4T. &) P describe as: &K H----o- o

apply to; H------ BRT,

inaway 4 “EXFHEEL, HH", L.

I like the new styles, in a way. X#P# 24 L& Sk ¥k X,

In a way, youre rightt M\E— 5 b &, 24y, '

2. Any given structure can be altered to some extent by plastic deformation

from compressive, tensile, or shear forces, but the available time-tempera-

10
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ture treatments provide a greater variety of properties.
FEX: WEE, BHRTAFTRGBREEH R T AL XARZE LK R
BEGPTEN, TEERESA LA B IZLEFERCEAGREHT
1o v
BEMT: &) % given B4 “4FRH, RN, e

We will meet at a given time and location. KA1 A 35 E 6 at A feib & L&,

3. Not all the treatments can be used with each metal or alloy. In other
words, the treatment selected must be one that is compatible with the spec-
ifled material. »
FX: FEAAGRLERER THEMEERGE, B EH, RFHHRLE
TELRAREMHTERZHRLE T L — K,
FRHT: & F Notall R FE, AL T “All..not...”, Xdu:

All is not gold that glitters. X X8 H REZET,

4. Heat treatment of ferrous materials involves several important operations
which are customarily referred to under various headings, such as normaii-
zing, spheroidizing, stress relieving, annealing, hardening, tempering, and
case hardening.

F SHMHARRLECE A TERME, FFTRA A TR LEAKRE, Flie
EX, R, HHREH, BK, BX, BXFAGRIL,

BRHT: & F such as #FH “Hldo--oo- T, R ATES”, refer to: RE|, KEF|, I
MR,

5. The purpose of normalizing is usually to refine grain structures that have
been coarsened in forging.

BF3: EXBEFREA T miBRTE FHAEY R

fEHT. 4 P grain structures ¥4 “FHFE LM, that £ PR X ERE, IFE
EAE), A AT grain structures, FARERATHENEG PR EE

6. The process of annealing consists of heating the steel to an elevated tem-
perature for a definite period of time and, usually, cooling it slowly. Annea-
ling is done to produce homogenization and to establish normal equilibrium
conditions, with corresponding characteristic properties.
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