MST Teachers Handbook

Contents

Introduction to Materials Science and Technology

What is Materials SCIENCE? .......uuvvveiiiiiiiiiee e 1.1
The Relationship of Science and Technology ..........ccccccvvviiiveenn.n. 15
How is Basic Science Linked to Everyday Materials .................... 1.7
A Short History of Materials SCIENCE ......ccevvvvveieeeeeeeiiiiiie i, 1.8
A New Scientific FIONTIEr ........ccuvvveeiiiiiieee e 1.11
Looking at MST as a Career—“The Field of Dreams” ................... 1.13

Creating an MST Environment

MST Curriculum Philosophy/Rationale ...........cccccceiiiiiiiiiiiiiines 2.1
Multi-Instructional APProach ..............eeeeeeeeeiiiiiiiiiaaie s 2.3
CoUrse Of STUAY ....uueiiiiiiiiiiiiiee e 2.4
Solving ProbIems ..........eeeeeiiii 2.5
Creating Student ProjeCtS ......coevvviiieeeeeiieiiiee e 2.6
Using the Laboratory Journal .............ooooiiiiiiiiiiiiiiieieeeeeeeeeene 2.8
Working in SMall GrOUPS ........uuvvviieeiiiiiiiiiiiiaa e 2.14
Developing HandinesSs ..........coooiiiiiiiiiiiiiiieeeeeeeeeee e 2.15
FOStEring CreatiVity .........eeeeceeeeiiiiieaaeee e 2.16
Teaching iN TEAMS .......uuuiiiiiiiiiiiie it 2.17
Using Community RESOUICES ........ccoeiieiiiiiiiiiiiiieeeeeeee e ea e e 2.18
Setting Up the MST Classroom and Laboratory ..........cccccceeeeeenn.. 2.21
Laboratory Safety ........cooeiiiiiiiiii e 2.23

Standards, Learning Goals, and Assessment

Standards, Learning Goals, and ASSesSsSmMent.........ccccccvvvveeeeeeennn. 3.1
National Education Standards for Curriculum,

Assessment, and Teaching Strategies ..........cccceveeevriiiieeeeeinene 3.1
The National Education Standards and MST ...........ccccccvvviiiviennnee. 3.2
School-to-Work OpportunitieS ACt ..........ccuveeeeeeiiiiiieeiee e 3.3
MST Course Content OULINE ...........euveiiiiiiiiiiiiiieieeeeee e 3.4
Integrating MST into EXisting Classes ........ccccvvveeeeeeeiiiiiiiiiiiins 35
Learning GOalS ........ccoouiiiiiiiiieiiiiiiiee e 3.6
ASSESSIMIENT .ot e 3.7
Recent Trends in ASSESSIMENT ......cccuveviiiiiiiiieiieeereere e e ee e e e e e e e e 3.8
ASSESSMENT TECANIQUES ..o 3.9

U.S. Department of Energy, Pacific Northwest National Laboratory %



MST Teachers Handbook

Contents

Experiments/Demonstrations

T Y (oo [U o1 (] o VU 4.1
INEFOAUCTION ...t e et e e e e nnees 4.1
WALET LOCK .itiiiiie ettt e et e e e e e 4.2
Classification of Materials ............cccccvvivieiiiiiiiiii e, 4.4
Material SYStEMS .......cccoeiicire e e 4.6
(018 VS) 7 LIS (1 [0 | P 414
IFON WIFE ettt e e e st ee e e e eees 4.22
Paper Clip DeStruCtioN ...........cooiiiiiiiiiiiiiierire e e e e 4.30
Ceramic Mantle ..........eeviiiiiiiiiii e 4.34
Light Bulb Filament ... 4.39
Thixotropy and DilatanCy ...........ceeeeeeieeieeeeeeeiiee e 4.44
VOCABUIAIY ...cooeeeeeeee e 450

MELAIS ..o 5.1
INEFOAUCTION ...ttt e e e e nnees 5.1
Properties of Metals .............oooiiiiiiiiiiiiiieeee e 5.3
Alloying Copper and ZiNC ......ccccuvriiiiiiiiiiiieiieeieeeeee e e e 5.7
Alloying Tinand Lead ........cccccciiiiiiiiiiiiiiiceeceeee e, 5.10
Drawing @ WIr€ ..ccceviiiiiiiiee e 5.16
Aluminum-Zinc Solid-State Phase Change in Metals................... 5.20
Caloric Output of Al-Zn:

A Solid-State Phase Change in Metals ...............cccccccvnvvnnvnnnnnen. 5.27
Alloying Sterling SHVEr ..., 5.31
Lost Wax Casting: Investment/Centrifugal Casting ..................... 5.35
Making a Light Bulb ..., 5.42
VOCABUIAIY ...cooeeeeeee e 5.46

(O0=T 7 ] (01 SRR 6.1
INEFOAUCTION ...t e et e e e e naees 6.1
Thermal SNOCK .......ccvviiieie i 6.3
Glass Bead 0N @ WIIE ......ccuvviiiieiiiiiiiiiee e 6.10
Glass Bending and BIOWING ..........cccoooviiiiiiiiiiiiiiienieeeeeeee e 6.13
Standard Glass BatChing ...........c.coooviiiiiiiiiiiieeeee e 6.17
(€] T 1Y 1= ] o 6.27
Dragon Tears/Dragon Dribble ..........cccccoviiiiiiiieiiiie, 6.32
(€] 1 610 (o] 11 To IS 6.38
(€] T U 1 o P 6.42
STAINEA GIASS ..eieeiiieiiiiie et 6.46
MaKING RAKU .....ccoeiiiiiiiiiiccire e e 6.49
Ceramic SHP CaStiNg ...ccvveveeeeeeeeee e 6.60
Making Glass from SOil.........cccccciiiiiiiiiiiiii e 6.66
Making and Testing SUpPerconductors ........cccccvveeeeeeeeeeeieeiceeccns 6.70
VOCABUIAIY ...cooeeeeeee e 6.76

Vi

U.S. Department of Energy, Pacific Northwest National Laboratory



MST Teachers Handbook

Contents

POIYMEIS ... 7.1
INEFOAUCTION ... 7.1
SHIME s 7.3
Polymer FOam CreationsS ..........oovveeereeiiriiiieee et 7.7
NYION B-10 i 7.10
Casting a Rubber Mold from RTV ... 7.14
EPOXY RESIN CaSHING ...coevveieee ettt 7.18
NIGOHGNT ..o 7.21
POIYMET ID i 7.23
VOCADUIAIY ... 7.28

COMPOSITES ..o 8.1
INEFOAUCTION ... 8.1
MaKiNg CONCIELE ..ot 8.3
CompOosite EXPEIIMENTS .......oeiieiiiiiiiiiie et 8.8

PrOJECE L ..ottt 8.10
PrOJECE 2 .ot 8.12
PrOJECE 3 oottt 8.13
PIrOJECE 4 ..o 8.14
Simple Stressed-Skin COMPOSILE ........cocoviiiiiieieeiiiiiiieeee e 8.16
AIFOIIS Lo 8.22
MaKING PAPEN ....eeeiiiiiiiieiee e 8.29
PeanUut Brittle .........coooiiiiiiiiiii e 8.35
VOCADUIAIY ... 8.39
Acknowledgments ...........ccooeiiiiiiiiiiii 9.1

Resource Appendix

RV =] 1o (o] £ U RRRRR Al
Materials/EQUIpmMENt Price LiSt ......uuvveeeiiiiiiieiieeeee e, A5
Printed MaterialS ...........ccoeeeiiiiiiii e A.9
BUSINESS RESOUICES ....cceeeeeeeeieeiie ettt e e e e e e e e e e e e A.18
VIABOS i A.19
Ordering the Space Shuttle Tile ...............coe oo, A.21
Innovative Materials, Process, and Products

Developed by Battelle Memorial Institute...............ccceoeeeenn. A.22

U.S. Department of Energy, Pacific Northwest National Laboratory Vi





