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Metallurgy Fundamentals: Lesson Plan

Instructor Date:
Course: Unit:

Chapter 5: Basic Structure of Metals

Chapter Objectives
= (Obj 5.1) Define atom, element, and compound.
— 5.2 Atomic Elements
— 5.3 Compounds
= (Obj 5.2) Recognize the relative sizes of atoms, compounds, and crystal grains.
— 5.1 Measurement Scales
— 5.3 Compounds
— 5.5 Crystal Structures
= (Obj 5.3) List the four properties that distinguish metals from nonmetals.
— 5.4 Formation of Metals
= (Obj 5.4) Distinguish between the three major crystal structures found in metals: face-centered cubic,
body-centered cubic, and hexagor—"—"-==—=--"-~

- 5.5 Crystal Structures Assessment Software & Question Pools
= (Obj 5.5) Name metals with each ¢
centered cubic, and hexagonal clo

— 5.5 Crystal Structures ExamView® Assessment Suite vli1 Software and Question Bank Files

(Obj 5.6) Understand how metals (
cannot deform without fracturing.

The ExamView® Assessment Suite allows you to quickly and easily create,
- 5.4 Formation of Metals L. i i
— 55 Crystal Structures administer, and score paper and online tests. The ExamView® Assessment
(Obj 5.7) Distinguish between a sc Suite includes the ExamView® Test Generator, ExamView® Test Manager,

— 5.6 Compounds, Mixtures, Sol and ExamView® Test Player. G-W test banks are installed simultaneously
(Obj 5.8) Understand and identify |

— 5.5 Crystal Structures with the software. If you cannot locate the test banks after installation,
= (Obj5.9) Understand how the tem please refer to the "How do I locate the ExamView® v8.1 or later test
~ 5.6 Compounds, Mixtures, Sol banks on my computer after installation?" FAQ.

Essential Question

Can you describe the basic structure

defining properties of metals; crystal . .
apply éi Eme&sv oy ® Software Publisher Terms of Service

Visit our Knowledge Base Articles on ExamView Assessment Suite

Instructional Resources £ Windows Software & Test Banks Download
= Textbook/eBook: Chapter 5 .

P &4 Macintosh Software & Test Banks Download
= Instructor Resources: Chapter 5 Ir
= Instructor Resources: Chapter 5 Are oo,
= Other instructional resource:

Resources for Practice and Application

Lesson Plans, Assessments,

and Answer Keys
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2: E-Flash Cards
=

Definition (1 of 31)

P UB L IS HER Metallurgy Fundamentals: Lab 7
Item of value that is owned. iName:
Date:

Class:

2: E-Flash Cards

Lab 7: Metal or Nonmetal?

Term (1 of 31)

(ﬂn'] Introduction

E - F I a S h c a rd S & Selecttoflp Chapter 5 of the textbook states that if a material is a metal, it has all four properties

shared by metals:

Voca b u Ia ry P ra Ctice * Electrical conduectivity

®  Thermal conductivity

* Formability, or the ability to deform without cracking
* Reflectivity, or shininess

Some materials have some of these properties, but only metals have all four. Thermal
conductivity is closely related to electrical conductivity, so you can skip complex tests for
that property in this lab.

2: Vocabulary Game Objectives

* Identify metals and nonmetals using the four fundamental physical properties of

all metals.

Select a point value. Choose the term that matches the definition Score: 800
* Understand that some composite and coated items may be tricky to discern.

100 100 Safety Considerations

*  Wear safety glasses or goggles when smashing things, especially ceramics and

200 200 ¢
rocks, and tap them just hard enough to bend, dent, or break.

300 500 ® The drinking glass has already been tested for you, so you do not need to break

400 “ yours. The glass did not bend. You can test your glass for conductivity without
breaking it.

Equipment

Definition: Act of giving money, goods, or services to meet the needs of others and sul

causes that are important to an individual. ¢ Safety glasses or goggles

I 3 A e e e * A multimeter that can read electrical res| La b M a n u a I ACtivitieS
nt ra Ctlve CtIVItIeS ® A hammer and an anvil or hard surface

s A piece of fine sandpaper (emery board will work)

pay yourself first

variable expense Polishing compound and buffing cloth, such as for polishing automobiles (copper

recordkeeping

Integrate G-W Digital Resources
L oo
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CHAPTER 4
Mechanical Properties of Metals

& CHAPTER 5
{1} Basic Structure of Metals

CHAPTER B
Physical and Chemical Properties of Metals
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What's New to the Edition



Section 1—Introduction to Metallurgy
1 History of Metallurgy

> 2 Metallurgists and Careers in Metals Industries

P UB L IS HER 3 Metallurgy Safety Practices

Section2—Mechanics and Chemistry of Metals
4 Mechanical Properties of Metals

5  Basic Structure of Metals

6  Physical and Chemical Properties of Metals

Section 3—Ferrous Metallurgy
g ~ X 7  Production of Steel by Hot-Rolling
8  Production of Steel by Casting, Forging, Extrusion, and Powder Metallurgy
: / : v 9  Processing Steel to Finished Products
o : ) 10 Phase Diagram: Road Map to Phases, Structures, and Properties
11 Heat-Treating Steels for Strength, Toughness, and Ductility
12 Heat-Treating Heavy Sections
13 Surface Heat Treatment and Specialty Alloys

14 Production of Cast Iron

Section4—Nonferrous Metallurgy
15 Introduction to Nonferrous Metals
16 Aluminum

17 Copper, Bronze, and Brass

18 Titanium

19 Low-Density Metals: Magnesium, Beryllium, and Lithium

ow}

METALLURGY 20 High-Density Metals: Zinc, Tin, Lead, Mercury, and Uranium
' FUNDA’\/IENTA LS 21 Superalloys and Refractory Metals

s Feerous and Nonferrous P

22 Noble and Rare Earth Metals

A
g

. A Student Textbook




1.1 TheBronze Age
{ < A ] 1.1.1  Alloying
—~ PUBLISHER 3 1.1.2  Early Smithing
Y 4 4 ¢ ‘ 1.2 Thelron Age
; . 1.2.1  Wrought Iron and True Steel
1.22  Castlron
1.23  Iron and Steel in Medieval Europe
1.24  Iron in the New World
1.3 Industrial Revolution
1.3.1  Nineteenth-Century Developments
1.3.2  Twentieth-Century Developments
1.4 Twenty-First-Century Developments
1.4.1  Additive Manufacturing
142  Computer Simulations
143  Nanomaterials
1.4.4  Reducing Greenhouse Gases

LEARNING OBJECTIVES

Afier studying this chapter, you will be able to:

* Identify the metals archaeologists and historians consider most important in the
¢ Understand the human effort required to make iron and steel before the 1800s.

» Define the term wrought iron.

» Explain why the development of the Bessemer converter promoted the industria
* Recognize how the development of electric generators created the need for high
» Understand how the Hall-Héroult process for refining aluminum changed appli
» Describe the developments in steelmaking over the last 60 years that allow steel

» Understand that innovations and improvements in metal production and applic

TECHNICAL TERMS &>

* additive manufacturing

« alloying

>
M ETALLU RGY o basic oxygen furnace (BOF)
FUNDAMENTALS

é

¢ Bessemer converter

bloom

Chapter-Opening Material
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Hexavalent Chromium

Chromium is used in stainless steel, plated onto the surface of steel, and sometimes added to alloy steel.
some stainless steel welding. When all six outer electrons are involved in a reaction, it results in bexavaler
working nearby must be protected from fumes.

Absorbing Stress and Strain: A Platform Trailer

The implications of stress and strain become clear with a practical exampl
in the platform, as shown in Figure 4-7. This helps them absorb the stress

_

Scientific Notation

When a number is written as a product consisting of the number multiplied by a power of 10, this is known as scientific notation.
the left to get the decimal number. So:

1.0 x 10-3 =.001

SUSTAINABLE METALLURGY

Reducing Waste from Ore Processing

eft over from processing must be sequestered, or set aside and protected, so that rainwater runoff
(\"/ | =g A\ MR B ={e) " Bliat causes lung cancers similar to those caused by asbestos. When economically viable, gangue is fi
SN B IS\ Esll den from the initial mining of taconite ore must also be sequestered to minimize effects on local v
Feous and Nonfemrous ~—w_Ich can destroy the downstream environment. However, once a mine is closed, overburden can oft

Additional Features




Continuous Casting

PUBLISHER Adjustable

|
Ladle ug

Liquid metal

ia A 54 Adjustable plug
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Freezing | :
Liquid metal metal Mold
B Solid metal width

B Slag Solid metal
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Apply and Analyze

1. What is the difference between smelting and alloying?
2. Describe the process used to produce wrought iron.

Review Questions

3. How did the invention of the Bessemer converter influence the development of an industrialized society?

Answer tbeﬁﬂowfng questions using the ffrﬁrmmian pmw'ded in this cﬁap:er. 4. Explain how the conception of electric generators created the need for high-purity copper and simultaneously made it commercially possible.
Know and Understand 5. List three advantages a basic oxygen furndce (BOF) has over an open-hearth furnace.

1. True or False? A malleable metal is not capable of being shaped. Critical Thinking

2. True or False? Archaeologists typically map ages of a civilization by the most significant material involved. 1. How did the tin trade promote cultural development throughout the western world?
2. Nearly every kind of manufacturing today is affected by the behavior of metals. How does this affect the need for a study of metallurgy?

3. During the Bronze A. was made into decorative items due to its resistance to tarnishing,
& &6 & 3. Each steclmaking process has required alert, knowledgeable people to operate it. How is that also true when robots are used?
A. bronze . -
B. copper l Metallurgy Fundamentals ©2025, End of Chapter Review Questions |
C. gold
D. tin Chapter 1: History of Metallurgy
4. True or False? Meteoric iron was highly prized due to its ability to be worked into strong, tough tools with sharp cutting edges. Review Questions

Instructions: Answer the following questions using the information provided in this chapter.

5. The matter remaining once a metal has been separated from its ore is known as
Know and Understand

A. bloom 1. True or False? A malleable metal is not capable of being shaped. 1 H isto rv Of M etal I u rgv v
B. slag Answer:
C. woorz steel
D il’lng’ 2. True or False? Archaeologists typically map ages of a civilization by % E - F| ash Ca rds
" material involved.
6. Cast iron ingots are also known as iron. Answer:
A. puddle {J Matching Activity
B bOg 3. During the Bronze Age,  was made into decorative items due to
: tarnishing. i
C. pig A brome = Vocabulary Game
D. Wl’OI.lght B. copper @ R . N
7. Bloomeries were the carliest furnaces used to produce iron from the ore. C. gold eview (DOCX, 31 KB)
A. wrought D. tia r
Answer:
B. pig

jo.w]
C. bOg M ETALLU R Y 4. True or False? Meteoric iron was highly prized due to its ability to be worked into

D. puddle strong, tough tools with sharp cutting edges.

8. True or False? Wrought iron can be treated to obtain a much higher strength than true steel.

Answer:

iron will crack if forged while hot.

9. Since it contains a large amount of sulfur,

A. pig
bog

o - End-of-Chapter Content

puddle

. The matter remaining once a metal has been separated from its ore is known as




G w Metallurgy Fundamentals: Lab 7
[Name:

PUBLISHER o
Activities ¥ Lab 7: Metal or Nonmetal?
Introduction
. hapter 5 of the textbook states that if a material is a metal, it has all four properties
DOCX Lab 1: Hardness Testing of Steel o by metaler e et et e propert
s  Electrical conductivity
DOCX Lab 2: Measuring Rockwell Hardness with Different Scales +  Thermal conductivity
* Formability, or the ability to deform without cracking
DOCX Lab 3: Determining Hardness and Alloy Type by Spark and File Tests * Reflectivity, or shininess
Some m_atleri'(?]s have some of these prqperties, but f)n_ly metals have al._l four. Thermal
DDCX LEI b 4 . H 3 rd ness TEStI n g Df Th | n S heet fﬁartd;g;:t—t);1is;lctfissellz'b1."elated to electrical conductivity, so you can skip complex tests for
) . Objectives
M La b 5 . H d rd Ness TEStI n g Df CaStI n g S * Identify metals and nonmetals using the four fundamental physical properties of
all metals.
DOCX La b 6 . Te ns | Ie Test| n g Df Steel * TUnderstand that some composite and coated items may be tricky to discern.
Safety Considerations
b N ® 'Wear safety glasses or goggles when smashing things, especially ceramics and
M La b ? " MEtal or NO n mEta I ? rocks, andti;i them justghirgd enough to beud,gd::ut, ir bref;k. Y
. . . ¢ The drinking glass has already been tested for you, so you do not need to break
m La b 8 . Meta I I u rg |Ca | S pEC| men Prepa ratl on gourli.i[;[h.e glass did not bend. You can test your glass for conductivity without
reaking it.
. . .g s Equi
DOCX Lab 9: Ductile-to-Brittle Transition Temperature of Steel q":pm:;ty I
- ¢ A multimeter that can read electrical resistance in ohms
M Lab 1 0 * H d rdenablllty Of StEEI ¢ A hammer and an anvil or hard surface to pound on
. . . * A piece of fine sandpaper (emery board will work)
M La b 1 1 . Te m perl n g Ma rte nSItE = ¢ Polishing compound and buffing cloth, such as for polishing automobiles (copper
) M ETALLU RGY or silver polishing compound will also work)
DOCX Lab 12: Effects of Annealing on Cold-Worked Brag=yNsXV =N irE: Materials
* Find at least 15 items to test for metallic properties, including the first five from
DOCX Lab 13: Determining Strength of a Weld
DOCX Lab 14: Age Hardening of Aluminum ; 73
DOCX Lab 15: Pack Carburizing of Steel k. Lab Manual
DOCX Lab 16: Strain-Hardening Copper Wire
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Heat-Treating Samples for Hardness Tests

ench.

—1

Next up is oil qu
|

P $9 (@ 094271414

Hide transcript

Transcript
Heat-Treating Samples for Hardness Tests

In this lab, we're going to do a little bit of heat treating of some specimens for a Rockwell test. Now, what I have here are little

one-inch rounds. These are all cut on a band saw from, you know, round stock from McMaster-Carr. This is 1045 steel. Now, this is

all I'm going to be putting in this oven for right now, but when we get to batches of mixed materials, if I was putting the same
size puck that's got some 1045, 01, W1, and whatnot, it's very difficult to keep track of what is what. Paint marker or Sharpie is

ing to b ff in th B ( tch, if t. S ti there' h mill le, a light etch will just flake right off,
RIS RANMIMBIRIER ... o-. .. co oo with 2 hammer and a punch that can gve you a good marking,
FUNDAMENTALS
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