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COURSE DESCRIPTION:
This course covers the production, properties, testing, classification, microstructure, and heat treating effects of ferrous and non-ferrous metals. Topics include the iron-carbon phase diagram, ITT diagram, ANSI code, quenching, senescing, and other processes concerning metallurgical transformations. Upon completion, students should be able to understand the iron-carbon phase diagram, ITT diagram, microstructure images, and other phenomena concerning the behavior of metals.

CONTACT/CREDIT HOURS 

Theory Credit Hours  
  

2 hours
Lab Credit Hours



1 hour  

Total Credit Hours 



3 hours
NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Colleges may schedule lab hours as 3:1 and/or 2:1 contact to credit ratio.  Clinical hours are 3:1 contact to credit ratio. (Ref Board Policy 705.01)

PREREQUISITE COURSES 
As determined by college.
CO-REQUISITE COURSES 
As determined by college.
PROFESSIONAL COMPETENCIES

· Describe the usefulness of studying metals.

· Use heat treating methods.

· Explain the importance of knowing the properties of various materials.  

· Explain the different uses of steel and iron, and outline their advantages and disadvantages in various situations.

· Explain the various processes used to manufacture iron and steel.

· Identify basic properties that cause failure and deformation in metals.

· Explain heat treating and quenching purposes and techniques.

· Explain the purpose and results of annealing, and normalizing.

· Explain the process and benefits of tempered steel.

· Explain the surface hardening process and its purpose.

· Identify and explain the basic processing methods used for nonferrous metals.

· Describe the desirable properties of aluminum and aluminum alloys.

· Explain the various properties of copper and its alloys.

· Describe the various uses of magnesium, zinc, tin, and other nonferrous metals.
INSTRUCTIONAL GOALS

· Cognitive – Comprehend principles and concepts related to metallurgy.
· Psychomotor – Apply principles of metallurgy.
· Affective – Value the importance of adhering to policy and procedures related to metallurgy.
STUDENT OBJECTIVES

Condition Statement:  Unless otherwise indicated, evaluation of student’s attainment of objectives is based on knowledge gained from this course.  Specifications may be in the form of, but not limited to, cognitive skills diagnostic instruments, manufacturer’s specifications, technical orders, regulations, national and state codes, certification agencies, locally developed lab/clinical assignments, or any combination of specifications.

STUDENT LEARNING OUTCOMES
	MODULE A – INTRODUCTION TO METALLURGY

	MODULE DESCRIPTION – This module is designed to introduce the need for the study of metals.  Topics include basic information about metallurgy, metallurgists, metals, and some introductory information about steel, steel additives, and tempering.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0
Describe the usefulness of studying metals.
	A1.1
This competency is measured cognitively.
	2

	LEARNING OBJECTIVES 
	KSA

	A1.1.1
Define metallurgy.

A1.1.2
Explain what a metallurgist does.

A1.1.3
Describe practical examples of how metallurgy can be used to solve industrial problems.

A1.1.4
Identify the basic structure of steel.

A1.1.5
Explain the purpose of adding other metals to steel.

A1.1.6
Identify the two general categories of metal.

A1.1.7
Define tempering. 
	1

2

2

1

2

1

1

	MODULE A OUTLINE:

· Metallurgy

· Metallurgists

· Metals

· Ferrous

· Nonferrous

· Steel

· Additives

· Tempering

· Terminology


	MODULE B – HARDNESS

	MODULE DESCRIPTION – This module is designed to teach the students the various methods of testing the hardness of metals.  Topics include measuring hardness and the many methods used.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0
Use heat treating methods.
	B1.1
Demonstrate heat treating of various metals to arrive at a specific hardness.
	3

	LEARNING OBJECTIVES 
	KSA

	B1.1.1
Explain hardness.

B1.1.2
Describe how the hardness of metal is found.

B1.1.3
Explain various hardness testing methods.

B1.1.4
Convert between various hardness scales and determine which material is hardest.

B1.1.5
Determine which hardness test method is most appropriate for various types of metal. 
	1

2

3

3

3

	MODULE C OUTLINE:

· Hardness

· Relationship to other properties

· Measuring hardness

· Units of measurement

· Testing methods

· Vickers

· Knoop

· Shore Scleroscope

· Sonodur

· Mohs

· Comparing testing methods

· Conversion scales 

· Brinell

· Rockwell

· Iron-carbon diagram


	MODULE C – MATERIAL PROPERTIES

	MODULE DESCRIPTION – The purpose of this module is to teach the properties of various metals, and their importance.  Topics include mechanical properties, the types of stress, chemical properties, electrical properties, magnetic properties, and thermal properties.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0
Explain the importance of knowing the properties of various materials.  
	C1.1
This competency is measured cognitively.
	3

	LEARNING OBJECTIVES 
	KSA

	C1.1.1
Explain the relationship between strength, hardness, and ductility.

C1.1.2
Describe various ways that the strength of a material is manifested

C1.1.3
Differentiate between elastic and plastic deformation.

C1.1.4
Explain how temperature affects creep.

C1.1.5
Differentiate between various types of corrosion.

C1.1.6
Explain the importance of weight and density.

C1.1.7
Explain the importance of wear.

C1.1.8
Explain the importance of machinability.

C1.1.9
Explain the importance of weldability.

C1.1.10
Explain which properties would be most critical for various uses.
	2

2

2

3

2

3

3

2

2

2



	MODULE C OUTLINE:

· Mechanical properties

· Hardness

· Ductility and brittleness

· Strength

· Stress

· Comparing types of stress

· Ductility

· Stress and strain relationship

· Stress-strain diagrams

· Proportional limit

· Elastic and plastic range

· Creep

· Chemical properties

· Corrosion 

· Oxidation

· Galvanic corrosion

· Pitting

· Intergranular corrosion

· Stress corrosion cracking

· Other properties

· Weight and density

· Wear

· Machinability

· Weldabiilty


	MODULE D – STEEL

	MODULE DESCRIPTION – The purpose of this module is to outline the advantages and disadvantages of steel and iron in various situations.  Topics include the types of steel, and how to identify it.  Also covers alloying elements, cast iron and its applications, and wrought iron.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0
Explain the different uses of steel and iron, and outline their advantages and disadvantages in various situations.
	D1.1
This competency is measured cognitively.
	3

	LEARNING OBJECTIVES 
	KSA

	D1.1.1
Describe the composition of steel.

D1.1.2
Differentiate between steel and iron.

D1.1.3
Identify various types of steel by its numbering system.

D1.1.4
Describe the effect on steel as the carbon content increases.

D1.1.5
Compare the carbon contents of steel, cast iron, and wrought iron.

D1.1.6
Describe the effects of various alloying elements on steel.

D1.1.7
Identify two alloying elements that improve the corrosion resistance of steel.

D1.1.8
Describe various kinds of carbon steel and alloy steel.

D1.1.9
Identify ways in which alloying elements can improve steel.

D1.1.10
Differentiate between various kinds of cast iron.

D1.1.11
Discuss the advantages and disadvantages of various types of cast iron.

D1.1.12
Differentiate between cast iron and wrought iron.
	1

2

1

3

2

2

1

2

2

3

3

3

	MODULE D OUTLINE:

· Steel composition

· Steel numbering

· Steel and iron

· Alloying elements

· Types of steel

· Low-carbon steel

· Medium-carbon steel

· High-carbon steel

· Alloy steel

· Low-alloy structural steel

· Quench and temper structural steel

· Maraging steel

· Tool steel

· Stainless steel

· Spring steel

· Other types of high-alloy steel

· Steel and cast iron

· Cast iron applications

· White cast iron

· Malleable cast iron

· Ductile cast iron

· Special alloy cast iron

· Wrought iron


	MODULE E – MANUFACTURE OF IRON AND STEEL

	MODULE DESCRIPTION – The purpose of this module is to teach the students about the various processes used in manufacturing iron and steel.  Topics include the processes for making steel and iron, the use of a blast furnace, the various types of steel making furnaces, how ingots are processed, continuous casting, and cast iron manufacturing.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	E1.0
Explain the various processes used to manufacture iron and steel.
	E1.1
This competency is measured cognitively.
	2

	LEARNING OBJECTIVES 
	KSA

	E1.1.1
Identify the basic steps in the production of steel.

E1.1.2
Describe the process for making cast iron.

E1.1.3
Identify the materials melted in a blast furnace.

E1.1.4
Describe the composition of slag.

E1.1.5
Differentiate between iron ore and pig iron and identify their uses.

E1.1.6
Describe the basic oxygen process.

E1.1.7
Explain which types of steel are produced by an electric arc furnace.

E1.1.8
Differentiate between a batch furnace and a continuous casting furnace.
	2

2

1

2

2

2

1

1

	MODULE E OUTLINE:

· The steel-making process

· Furnaces

· Steel

· Cast iron

· Iron ore

· Deposits

· Processing

· Types

· Blast furnace

· Tapping the blast furnace

· Pig iron and hot metal

· Steel making furnaces

· Oxygen furnace

· Electric arc furnace

· Open-hearth furnace

· Processing ingots

· Teeming

· Stripping

· Soaking

· Rolling Mill

· Slabs, blooms, and billets

· Continuous casting

· Curved mold method

· Vertical cutoff method

· Combination

· Cast iron manufacturing

· Cupola

· Electric induction furnace


	MODULE F – FAILURE AND DEFORMATION OF METAL

	MODULE DESCRIPTION – The purpose of this module is to teach the students how to identify the basic properties of metals that cause failure and deformation occur.  Topics include deformation, ductility and brittleness, and work hardening.  

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	F1.0
Identify basic properties that cause failure and deformation in metals.
	F1.1
This competency is measured cognitively.
	2

	LEARNING OBJECTIVES 
	KSA

	F1.1.1
Define deformation of metal.

F1.1.2
Discuss whether a metal that stretches is more likely to fail by means of shearing or cleaving.

F1.1.3
Differentiate between various types of metal failure and breakage.

F1.1.4
Identify material strength by its composition.

F1.1.5
Describe work hardening and its applications.
	1

2

1

2

2

	MODULE F OUTLINE:

· Deformation

· Ductility and Brittleness

· Cleavage

· Shear

· Work hardening


	MODULE G – HEAT TREATING AND QUENCHING

	MODULE DESCRIPTION – The purpose of this module is to teach the students the purposes and techniques of heat treating and quenching.  Topics include heat treating, the quenching process, and quenching mediums and techniques. 

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	G1.0
Explain heat treating and quenching purposes and techniques.
	G1.1
This competency is measured cognitively.
	2

	LEARNING OBJECTIVES 
	KSA

	G1.1.1
Explain heat treating processes.

G1.1.2
Explain the purpose of quenching and describe its effects.

G1.1.3
Describe brine and explain why it is effective in quenching.

G1.1.4
Identify which medium is most often used in quenching.

G1.1.5
Identify which type of quenching is the most drastic and the one most gentle.


	2

2

2

2

2



	MODULE G OUTLINE:

· Heat treating

· Quenching

· Vapor formation stage

· Vapor covering stage

· Vapor discharge stage

· Slow cooling stage

· Quenching mediums and techniques

· Water quenching

· Brine quenching

· Oil quenching

· Air quenching

· Temperature

· Techniques

· Time

· Heating time

· Quenching time

· Agitation

· Avoiding distortion


	MODULE H – ANNEALING AND NORMALIZING

	MODULE DESCRIPTION – The purpose of this module is to teach the students about annealing and normalizing. Topics include the effects and purposes of annealing and normalizing as well as the types of annealing, and how annealing, normalizing, and quenching compare.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	H1.0
Explain the purpose and results of annealing, and normalizing.
	H1.1
This competency is measured cognitively.
	2

	LEARNING OBJECTIVES 
	KSA

	H1.1.1
Describe the purpose of annealing and normalizing metal.

H1.1.2
Explain how material is cooled when normalizing.

H1.1.3
Differentiate between full annealing and normalizing.

H1.1.4
Explain how annealing and normalizing affect the hardness, strength, and brittleness of metal.

H1.1.5
Identify various types of annealing processes.

H1.1.6
Differentiate between the effects of annealing and normalizing versus quenching.

H1.1.7
Describe the advantages of process annealing over full annealing.

	2

2

2

2

2

2

2

	MODULE H OUTLINE:

· Annealing

· Normalizing

· Effects

· Purposes

· Machinability

· Forming

· Internal stress relief 

· Refinement of grain

· Types of annealing

· Full annealing

· Process annealing

· Normalizing

· Comparisons of annealing, normalizing, and quenching


	MODULE I – TEMPERING

	MODULE DESCRIPTION – The purpose of this module is to explain the process and benefits of tempered steel.  Topics include the purpose, effects, and types of tempering.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	I1.0
Explain the process and benefits of tempered steel.
	I1.1
This competency is measured cognitively.
	2

	LEARNING OBJECTIVES 
	KSA

	I1.1.1
Explain the purpose of tempering

I1.1.2
Identify various characteristics of tempered steel.

I1.1.3
Explain various practical aspects of tempering.

I1.1.4
Describe common industrial tempering methods.

I1.1.5
Explain the effects of tempering on distortion and hardness.

I1.1.6
Compare the effects of tempering, annealing, and normalizing on steel.

	2

2

2

2

2

2

	MODULE I OUTLINE:

· Introduction to tempering

· Purpose of tempering

· Effects of tempering

· Practical tempering

· Types of tempering

· Comparing heat-treatment methods


	MODULE J – SURFACE HARDENING

	MODULE DESCRIPTION – The purpose of this module is to explain the surface hardening process.  Topics include surface hardening in steel, tools and applications, methods, processes, and process selection.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	J1.0
Explain the surface hardening process and its purpose.
	J1.1
This competency is measured cognitively.
	3

	LEARNING OBJECTIVES 
	KSA

	J1.1.1
Describe the purpose of surface hardening.

J1.1.2
Explain the principles of hardening.

J1.1.3
Identify metallurgical applications for surface hardening.

J1.1.4
Differentiate between various surface hardening methods.

J1.1.5
Identify the two surface hardening processes that use the principles of localized heating.

J1.1.6
Describe various processes used to case-harden materials.

J1.1.7
Compare the advantages and disadvantages of various surface hardening processes.

 
	2

2

2

2

2

2

3

	MODULE J OUTLINE:

· Introduction to surface hardening

· Surface hardening in steel

· Hardening for tools and applications

· Hardening methods

· Carburizing

· Nitriding

· Localized heating

· Hardening processes

· Pack carburizing

· Gas carburizing

· Liquid carburizing

· Nitriding

· Carbonitriding

· Cyaniding

· Flame hardening

· Induction hardening

· Process selection


	MODULE K – PROCESSING NONFERROUS METALS

	MODULE DESCRIPTION – The purpose of this module is to identify and explain the basic processing methods used for nonferrous metals.  Topics include basic processing, alloying, cold working, and precipitation hardening.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	K1.0
Identify and explain the basic processing methods used for nonferrous metals.
	K1.1
This competency is measured cognitively.
	2

	LEARNING OBJECTIVES 
	KSA

	K1.1.1
Define nonferrous metallurgy.

K1.1.2
Identify and explain the basic processing methods used for nonferrous metals.

K1.1.3
Explain the principles of alloying.

K1.1.4
Explain the structural effects produced by alloying elements.

K1.1.5
Describe the effects of cold working on metal.

K1.1.6
Explain the difference between drawing and extrusion.

K1.1.7
Differentiate between various cold working processes.

K1.1.8
Describe how annealing can be used to regain softness and ductility in a nonferrous metal after cold working.

K1.1.9
Describe how precipitation hardening is applied to improve the properties of nonferrous alloys.

K1.1.10
Describe the stages of heat treatment that alloys undergo in the precipitation hardening process.

K1.1.11
Identify various structures occurring in alloy systems using phase diagrams.
	2

2

2

2

2

2

2

2

2

2

2

	MODULE K OUTLINE:

· Introduction to nonferrous metallurgy

· Basic processing

· Alloying

· Cold working and annealing

· Precipitation hardening

· Alloying

· Cold working

· Rolling

· Drawing and extrusion

· Annealing metal after cold working

· Precipitation hardening

· Strengthening alloys

· Identification of alloy phases


	MODULE L – ALUMINUM AND ALUMINUM ALLOYS

	MODULE DESCRIPTION – The purpose of this module is to teach the students the desirable properties of aluminum and aluminum alloys.  Topics include manufacturing aluminum, classifications, applications, and changing aluminum properties.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	L1.0
Describe the desirable properties of aluminum and aluminum alloys.
	L1.1
This competency is measured cognitively.
	2

	LEARNING OBJECTIVES 
	KSA

	L1.1.1
Describe the desirable properties of aluminum and aluminum alloys.

L1.1.2
Explain how aluminum is refined.

L1.1.3
Explain how aluminum and aluminum alloy are classified.

L1.1.5
Explain how alloying, cold working, and precipitation hardening can be used to change the properties of aluminum.

L1.1.6
Identify alloying elements that improve toughness in aluminum alloys.

L1.1.7
Describe how aluminum alloys are artificially aged and why.

L1.1.8
Explain why you cannot weld aluminum parts that have been heat treated. 
	2
2
2
2
2
2
2

	MODULE L OUTLINE:

· Manufacturing aluminum

· Aluminum and aluminum alloy classifications

· Aluminum applications

· Changing aluminum properties

· Alloying

· Cold working

· Solution heat treating and precipitation hardening




	MODULE M – COPPER, BRONZE, AND BRASS

	MODULE DESCRIPTION – The purpose of this module is to teach the students the various properties of copper and its alloys.  Topics include manufacturing, designations, alloying, cold working, and precipitation hardening.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	M1.0
Explain the various properties of copper and its alloys.
	M1.1
This competency is measured cognitively.
	2

	LEARNING OBJECTIVES 
	KSA

	M1.1.1
Describe the various properties of copper and its alloys.

M1.1.2
Describe the properties of the two most common copper alloys.

M1.1.3
Explain the effects of work hardening and precipitation hardening on copper and its alloys.
	2
2
2

	MODULE M OUTLINE:

· Copper manufacturing

· Designations

· Changing copper properties

· Alloying

· Bronze

· Brass

· Other alloys

· Cold working

· Precipitation hardening 


	MODULE N – MAGNESIUM. ZINC, TIN, AND SPECIALTY METALS

	MODULE DESCRIPTION – The purpose of this module is to describe the various uses of nonferrous metals.  Topics include magnesium, zinc, tin, nickel, titanium, and gold.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	N1.0
Describe the various uses of magnesium, zinc, tin, and other nonferrous metals.
	N1.1
This competency is measured cognitively.
	2

	LEARNING OBJECTIVES 
	KSA

	N1.1.1
Describe three processes used to produce desired properties in nonferrous metals.

N1.1.2
Identify various properties of magnesium, zinc, tin, and other nonferrous metals.

N1.1.3
Define die casting.

N1.1.4
Describe how the die casting process is used to produce parts from magnesium and zinc.

N1.1.5
Explain why tin is primarily used as an alloying element.

N1.1.6
Identify the properties and applications of nickel-based superalloys and titanium.


	2
2
1
2
2
2


	MODULE N OUTLINE:

· Magnesium
· Commercial applications

· Strengthening 

· Safety

· Zinc

· Galvanizing

· Zinc die casting

· Tin

· Nickel and nickel alloys

· Titanium

· Gold


Reference:  Metallurgy Fundamentals, Ferrous and Nonferrous.  Daniel A. Brandt and J. C. Warner.  The Goodheart-Wilcox Company, Inc. Tinley Park, Illinois  Copyright 2005 www.g-w.com  ISBN 1-59070-345-6

LEARNING OUTCOMES Table of specifications

The table below identifies the percentage of learning objectives for each module.  Instructors should develop sufficient numbers of test items at the appropriate level of evaluation.  
	KSA
	Limited Knowledge and Proficiency
	Moderate Knowledge and Proficiency
	Advanced Knowledge and Proficiency
	Superior Knowledge and Proficiency

	
	1
	2
	3
	4

	Module A
	57%
	43%
	
	

	Module B
	20%
	20%
	60%
	

	Module C
	
	70%
	30%
	

	Module D
	25%
	42%
	33%
	

	Module E
	37.5%
	62.5%
	
	

	Module F
	40%
	60%
	
	

	Module G
	
	100%
	
	

	Module H
	
	100%
	
	

	Module I
	
	100%
	
	

	Module J
	
	86%
	14%
	

	Module K
	
	100%
	
	

	Module L
	
	100%
	
	

	Module M
	
	100%
	
	

	Module N
	17%
	83%
	
	


	Learner’s Knowledge, Skills and Abilities

	Indicator
	Key Terms
	Description

	1
	Limited Knowledge and Proficiency
	· Identifies basic facts and terms about the subject or competency.

· Performs simple tasks associated with the competency.  Needs to be told or shown how to do most tasks.  

· Requires close supervision.

	2
	Moderate Knowledge and Proficiency
	· Identifies relationship of basic facts and states general principles and can determine step-by-step procedures for doing the competency.

· Performs most parts of the competency.  Needs help only on hardest parts.  

· Requires limited supervision.

	3
	Advanced Knowledge and Proficiency
	· Analyzes facts and principles and draws conclusions about the subject to include why and when the competency must be done and why each step is needed.  Can predict outcomes.

· Performs all parts of the competency.  Needs only a spot check of completed work.  

· Requires little or no direct supervision.

	4
	Superior Knowledge and Proficiency
	· Can evaluate conditions and make appropriate decisions as related to resolving problems. 

· Performs competency quickly and accurately with no direct supervision and is able to instruct and supervise others.  
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