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Metal Materials

Almost 75% of all elements are metals. Metals are used in electronics for
wires and in cookware for pots and pans because they conduct electricity and
heat well. ' Most metals are malleable and ductile and are, in general, heavier
than the other elemental substances. Two or more metals can be alloyed to
create materials with properties that do not exist in a pure metal. *

All metals can be classified as ecither ferrous or non-ferrous. Ferrous
metals contain iron and non-ferrous metals do not. All ferrous metals are
magnetic and have poor corrosion resistance while non-ferrous metals are
typically non-magnetic and have more corrosion resistance. * An overview of

the most common ferrous and non-ferrous metals is shown below.
Ferrous Metals

QD)
Material name: Low Carbon Steels (Figure 1 - 1)
Composition: up to 0.3% carbon
Properties: good formability,
good weldability, low cost
Applications
0. 1% ~ 0. 2% carbon: chains,
stampings, rivets, nails, wire, pipe,

and so on

0.2% ~ 0. 3% carbon: machine Figure 1 -1 Low Carbon Steels



and structural parts
(2)

Material name: Medium Carbon Steels (Figure 1 - 2)

Composition: 0.3% to 0.8% carbon

Properties: a good balance of properties, fair formability

Applications:

0.3%~0.4% carbon: lead screws. gears. worms, spindles. shafts, and
machine parts

0.4%~0.5% carbon: crankshafts, gears, axles, mandrels, tool shanks,
and heat-treated machine parts

0. 6% ~ 0. 8% carbon: drop hammer dies, set screws, screwdrivers,
and arbors

0.7% ~ 0. 8% carbon: tough and hard steel. anvil faces, band saws,

hammers, wrenches, and cable wire

Figure 1 -2 Medium Carbon Steels Figure 1 -3 High Carbon Steels

3

Material name: High Carbon Steels (Figure 1 - 3)

Composition: 0.8% to 2% carbon

Properties: low toughness, formability, and weld ability, high hardness
and wear resistance, fair formability

Applications.

0.8%~0.9% carbon: punches for metal, rock drills, shear blades, cold
chisels, rivet sets, and many hand tools

0.9%~1.0% carbon: used for hardness and high tensile strength, like
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springs and cutting tools

1.0%~1.2% carbon: drills, taps, milling cutters, knives, cold cutting
dies, wood working tools

1.2%~1.3% carbon: files, reamers. knives, tools for cutting wood and
brass

1.3% ~ 1. 4% carbon: used where a keen cutting edge is necessary
(razors, saws, etc.) and where wear resistance is important

4

Material name: Stainless Steels g
(Figure 1 -4) i

Composition: Stainless Steels is a
family of corrosion resistant steels. They
contain at least 10. 5% chromium. The

Chromium in the alloy forms a self-

healing protective clear oxide layer. This

Figure 1 -4 Stainless Steels

oxide layer gives stainless steels their
corrosion resistance.

Properties: good corrosion resistance, appearance, and mechanical properties

Applications:

11. 5% of chromium: widely used in cookware, cutlery, and kitchen
utensils these are along with hardware supplies, industrial equipments,

structural buildings, automotive, and aerospace industries.
Non-Ferrous Metals

(5
Material name: Aluminum/Aluminum Alloys (Figure 1-5)
Composition: pure metal; easily alloyed with small amounts of copper,
manganese, silicon, magnesium, and other elements
Properties: low density, good electrical conductivity (approx. 60% of
copper ), nonmagnetic, noncombustible, ductile, malleable, corrosion
resistance; easily formed, machined, or cast

Applications: window frames., aircraft parts, automotive parts, kitchenware
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Figure 1 -5 Aluminum Alloys Figure 1 -6

(6)
Material name: Brass (Figure 1 -6)
Composition: alloy of copper and zinc; 65% to 35% is the common ratio
Properties: rcasonable hardness. casts, forms, and machines well; good
electrical conductivity and acoustic properties
Applications: parts for electrical fittings. valves, forgings, ornaments.

musical instruments

Material name: Copper (Figure
1-7

Composition: purc metal

Properties: excellent ductility,
thermal and clectrical conductivity

Applications: electrical wiring,

tubing, kettles, bowls, pipes,

printed circuit boards

Figure 1 -7 Copper

(8)
Material name: Magnesium/Magnesium Alloys (Figure 1 - 8)
Composition: pure metal; used as an alloy element for aluminum. lead,
zinc, and other nonferrous alloys; alloyed with aluminum to improve the
mechanical, fabrication, and welding characteristics
Properties: lightest metallic material (density of about 2/3 of that of

aluminum). strong and tough, most machinable metal, good corrosion
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resistance, easily cast
Applications: automobile, portable electronics, appliances, power tools.

sporting goods parts, and aerospace equipments

Figure 1 -8 Magnesium Alloys Figure 1 -9 Nickel Alloys

9)
Material name: Nickel/Nickel Alloys (Figure 1-9)
Composition: pure metal; alloys very well with large amounts of other
elements, chiefly chromium, molybdenum. and tungsten
Properties: very good corrosion resistance (can be alloyed to extend
beyond stainless steels), good high temperature and mechanical performance,
fairly good conductor of heat and electricity
Applications: used as an undercoat in decorative chromium plating and to
improve corrosion resistance; applications include clectronic lead wires,
battery components, heat exchangers in corrosive environments
(10)

Material name: Zinc/Zinc Alloys (Figure 1 - 10)

Composition: pure metal;
employed to form numerous alloys
with other metals. Alloys of primarily
zinc with small amounts of copper.
aluminum, and magnesium are useful
in die-casting

Properties:  excellent  corrosion

resistance, light weight. reasonable Figure 1 - 10 Zinc Alloys

al Materials



conductor of electricity

Applications: used principally for galvanizing iron (more than 50% of

metallic zinc goes into galvanizing steel ), numerous automotive applications

because of its light weight

New Words

cookware [ 'kokweoa | n. k£
conduct [ 'kondakt] v. &%
malleable [ 'meeliobl | a. T ##)
ductile ['daktanl] a. % 3E & &5 A K04
property [ 'propati | n. it

ferrous [ 'feros| a. 449

magnetic [ maeg'netik | a. A # o)
corrosion [ ko'rovzen | n. /& 4k
composition [ kompa'zifon] n. m%
formability [ fomo'biliti | n. &4
weld [weld | n. 1F4& v, J$4:
chain [tfem] n. 44

stamping [ 'stempin| n. & /EA4
rivet [ 'rivit | n. #p4T

nail [nel] n. 47F

worm [wam | n. ¥AF

crankshaft [ 'kreenk[eeft | n. w1 4h
mandrel [ 'meendril | n. O dh

shank [Jeenk | n. 4%

heat-treated [ 'hittritid ] a. #4t38 69
screwdriver [ 'skrudrarvo | n. ¥ % 7]
anvil ['eenvil | n. k%5

toughness [ 'tafris| n. #74
hardness [ 'hadnis | n. #8

wear [wea | n. BEEIR

shear [J1o] n. ¥

blade [bleid | n. 71 K

chisel ['tfizl] n. %

tensile ['tensarl | a. T4ifb a4

tap [teep] n. 2L

file [farl] n. 477

reamer [ 'rima| n. 4& 77

keen [kin] a. 444

razor | 'reizo| n. #|77

chromium [ 'krovmjom | n. 44

heal [hi:l] v. &4

oxide [ 'pksaid ]| n. g4y

layer ['lero] n. &

cutlery ['katlori| n. £ A

utensil [ju(:)'tensl | n. FA
hardware [ 'hadwea| n. &4
aerospace [ 'earouspers | n. fLE ALK
manganese | 'meengeniiz | n. 4&
silicon [ 'siliken | n. #

magnesium [ meeg'niziom | n. 4
conductivity [ kondak'tiviti] n. 45§
noncombustible [ inonkom'bastobl | a. R#k&4
form [fom] v. M ¥

frame [ frem | n. 3E

kitchenware [ 'kitfinwea | n. BA
zinc [zipk ] n. 4

acoustic [o'kustik | a. F &9

fitting [ 'fitin] n. #efk

valve [veelv] n. @17



forging [ 'todzin| n. 44

ornament [ 'omoment | n. 455
thermal [ '0amol ] a. ##%

tubing ['twbig] n. FHf

lead [lid] n. 45

fabrication [ faebri'keifon | n. 4]
characteristic [ (keerokto'ristik | n. 4¥H
machinable [mo'[imnebl | a. ] Am L #4
appliance [a'plaons] n. A& &

Phrases and Expressions

be classified as HER
ferrous metal BEas)E
non-ferrous metal a4 )m
up to Zik
lead screw 22
drop hammer die T FREAS

Notes
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nickel [ 'nikal | n. 4&

molybdenum [ mo'libdenom] n. 48
tungsten [ 'tagston] n. 4%
undercoat [ 'andokout | n. A BBk
plating ['plertiny ] n. 4&4%
exchanger [1ks'tfemdzo] n. X%
corrosive [ ko'rousiv | a. J&4k#y
die-casting [dat'kasstin| n. E4#4
galvanize [ 'geelvenaiz| v. 44

set screw SERRET

rock drill Wl
tensile strength EDALIEES
stainless steel NGl
lead wire 514k

1. Metals are used in electronics for wires and in cookware for pots and pans

because they conduct electricity and heat well. f£3iX ] H, be used in &N
“WH T -7, Because 5|3 FFARIE M), FEX A 4], conduct J5 i
WA TN TG electricity Fl heat, A4 A[ %R : 4 )@ 6 B i & HE
TR FEH A RIS B O BT RERS T HAR I

. Two or more metals can be alloyed to create materials with properties
that do not exist in a pure metal. 3155 Two or more metals, with & &
“HA”. That 5| 5E K M), 64717l properties, #8a) Al iy . I ag
ZA 2R AT LU S AR X e 5 S AR R 4l 8 8 A 1@ 1 .

. All ferrous metals are magnetic and have poor corrosion resistance while
non-ferrous metals are typically non-magnetic and have more corrosion
resistance. J/A) i, while FAE 1A, 2 30 50 19 4] 7 ROR R HEOE R .
Hoep , A58 A1 11818 318 LR B and SR 5IBIE . A ATiEN
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EXERCISE 1

Mark the following statements with T (True) or F (False) according to the passage
1. All metals can be ferrous. non-magnetic and have poor corrosion
resistance. ( )

2. Low carbon steels can show good properties, like good formability, good
weldability and low cost. ( )

3. High carbon steels are composed of 0.3% to 0.8% carbon. ( )
4. Aluminum can be used as window frames, aircraft parts. valves. forgings
and kitchenware. ( )

5. Nickel is pure metal, which can alloy very well with large amounts of

chromium, molybdenum and tungsten. ( )

EXERCISE 2

Translate the following phrases into Chinese or English.

1. corrosion resistance

2. lead screw

3. electrical conductivity

4. die-casting

5 s

6 (50733

7 mae

8 EJI ] FiL B i

§ Broaden Your Horizon — Practical Activity

Hardness and Hardness Testing

The hardness of a metal is its resistance to surface indentation under

standard test conditions. Two main test methods are used: Brinell and



