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MATERIAL SCIENCE

Introduction to Material Properties



What Material Scientists Do

FERFORMANCE

PROPERTIES

SYNTHESIS/
PROCESSING

STRUCTURE!
COMPOSITION



Physical Properties

Melting & Boiling Points Magnetism

Color




Physical Properties

Density




Lab: Density Determination




Lab: Density Determination

Data Chart
Material Density Material Density
Sample (g/ml) Sample (g/ml)
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Lab: Density Determination
Material Density Chart

Material Density Material Density
Sample (g/ml) Sample (g/ml)
Walnut 0.64 Phenolic 1.32
Oak 0.75 PVC 1.37
Maple 0.77 Acetyl 1.42
Polypropylene 0.90 PTFE 2.20
Polyethylene 0.92 Aluminum 2.71
Nylon 1.15 Brass 8.56
Acrylic 1.17 Copper 8.91




Lab: Density Determination
Analysis Chart

Material Material Material Material
Sample ldentity Sample ldentity
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Rubbing Alcohol
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Karof Syrup

floney,

Density = Mass/Volume



Physical Properties

Viscosity

Viscosity is an internal property of a fluid that
offers resistance to flow .



Thickness




Viscosity Determination

Calculations

Viscosity = n = 2(Ap)ga™2/9v

Ap = difference in density
between glass marble and test

liquio

g = rate of free fal

= 9.81 m/s™2

a = radius of sphere

v = velocity



Viscosity Testing




Viscosity Testing




Viscosity Units

International Standards Organization

Viscosity Grade Numbers

1ISO

Society of Automotive Engineers

Viscosity Grade Numbers

SAE



l !
L

SAE20 SAE30 SAE40 SAE 50

Steel balls of equal weight dropped into test tubes filled with motor oils fall at different rates.
Their rate of fall depends on the viscosity of the oil. The ball travelling through the light SAE
20 oil has travelled farthest, while the ball in the heavy SAE 50 has travelled least.



Lab: Viscosity Determination




Viscosity Testing

Z




Lab: Viscosity Determination
Data Chart

Tube Time (s)

Red
Blue
Green
Grey
Black




Lab: Viscosity Determination

Calculations

Tube ISO
Red 10
Blue 32

Green 46
Grey

Black




Lab: Viscosity Explorer




Lab: Viscosity Explorer

Data Chart

Olive Oil Temperature Drop Time
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http://www.seed.slb.com/flash/science/lab/liquids/visco_exp/en/viscosity.htm?width=620&height=500&popup=true
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10W-40

10W = Oil’ s Viscosity at
0° F

40 = QOil’ s Viscosity at
212° F




(-30°C)

(-40°C)

ARCTIC OIL




Lab: Dilatant Material




Dilatant Material




Dilatant Material
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Silly Putty




Automotive




Thixotropic
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Thixotropic




Construction
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Advanced Thixotropic Metallurgy




Military







Medicine






http://www.ce.washington.edu/~liquefaction/selectpiclique/nigata64/sandboils.jpg
http://www.ce.washington.edu/~liquefaction/selectpiclique/nigata64/showabridge.jpg




Lab: Japan Sand




Chemical Properties

Corrosion

Burning

Reaction to Acids & Water



Thermal Properties

Conductivity
]

i



Lab: Macho Conduction




Lab: Macho Conduction
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Lab: Macho Conduction
Data Chart

Metal Time (s)

Aluminum

Brass

Copper

Steel

X
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Thermal Properties
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Thermal Expansion
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temperature / °C



Thermal Expansion
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Lab: Linear Expansion of a Metal




Lab: Linear Expansion of a Metal
Data Chart

Metal Sample Expansion after 10 minutes

Aluminum

Brass
Steel
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Thermal Properties
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Thermal Expansion
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temperature / °C

Specific Heat

9999
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HEAT © www.gcse.com



Specific Heat

3,470 J/Kg°® C

0.217 J/Kg® C



Lab: Heat Capacity of Metals




Lab: Heat Capacity of Metals

Data Chart
Metal | Mass | Atemp |Water Mass| Atemp
Sample | (9) | (°C) (9) (" ©
Silver 20.0 30.0
Gold 20.0 30.0
Copper | 20.0 30.0
lIron 20.0 30.0
X 20.0 30.0
Y 20.0 30.0



http://mutuslab.cs.uwindsor.ca/schurko/animations/heatcapacitymetals/heat_metal.htm

Lab: Heat Capacity of Metals

Calculation Table

Metal
Sample

Heat Gained
(joules)

Heat Lost
(joules)

Specific Heat
(J/g x K)

Silver

Gold

Copper

lron

X

Y




Lab: Heat Capacity of Metals

Calculations

Heat Gained by Water =
Mass X Atemp X 4.18

Heat Energy Gained by Water =
Heat Energy Lost by Metal

Heat Energy Gained

Specific Heat of Metal =
Mass X Atemp



Mechanical Properties




Mechanical Properties

Strength Elasticity




Elasticity Is not Flexibility




Elasticity Is not Stretch-ability




Elasticity

A material 's ability to return to its original
shape after being deformed.



Vocabulary







Deformation

o

e
No Force ~_

Under Force

Change in shape of an object.



Strain

Unstrained length
of the spring
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Applied Force / Original Area



Tension & Compression




Shear

Load

T Support Force Support Force T

F, — -F, §
1\“1—___.__"’; )

+F:'E

When 2 forces, acting like a pair of shears, cut a
body between them.



Shear Testing




Hydrostatic

0-00

Initial State Volume strain Void appearing
due to tension releasing stress

Stress unilaterally applied to an object.



Material Testing Device

Extensometer



Extensometer

Stress (MP3)
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An extensometer measures the elongation of a
material while applying tension.
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Engineering Strain




Stress

Stress Strain Curve

Elastic region

Plastic region

X

Fracture

Strain



Elastic Limit

elastic stress
el Ot

elastic limit
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WEIGHT
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TONS




Young s Modulus




Composite Material Testing
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Fiberglass, Kevlar & Carbon Fiber


http://www.mse.mtu.edu/outreach/virtualtensile/ThreeCompositeSamples.jpg

Force Measurement

Grips for

Holding
Specimen ’ 3\, Fixed
Firmly vl Head

Test Specimen

+ Thickness 1/8"
Constant Rate
of Motion




Engineering Stress (MPa)

Kevlar

300

Fracture Strength = 265MPa
250 A

Modulus = 2.3 GPa
200 -
150 |
100 -

50 A

0 I I I I I

0.00 0.02 0.04 0.06 0.08 0.10

Engineering Strain

0.12



Engineering Stress (MPa)

Fiberglass

180 1 Fracture Strength = 170 MPa

140 - Modulus = 1.7 GPa
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Engineering Stress (MPa)

700

Carbon Fiber

600 -
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Lab: Youngs’ Modulus of a Spring




Lab: Youngs’ Modulus of a Spring
Data Chart

Stress Strain




Stress Strain Curve

M
Stress

Elastic region

Flastic region

Fracture

e

Strain



Ultimate Stress




Lab: Ultimate Stress




Lab: Ultimate Stress
Data Chart

Stress Strain




Tensile Strength

gauge
section

Tensile strength is defined as the highest stress a
material can withstand before failure occurs.



Load (N)
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Load (N)




Stress Strain Curve Interpretation

Metals

Ceramics
/

Stress Polymers

4

Strain

Demo



http://www.mse.mtu.edu/outreach/virtualtensile/index.htm

BRITTLE

BRITTLE/DUCTILE

DUCTILE/BRITTLE

DUCTILE

Ductility iIs measured by the amount of elongation
that can be applied to a material before failure
occurs.



Fracture
f Ductile

Fracture

Stress

Strain



Toughness

./'-

Stress

Toughness

Strain

Toughness is defined as the total area under the
stress strain curve. It indicates the amount of energy
absorbed before failure.



strong, not tough

i strong and tough

siress

not strong, not tough

strain



Stress

g N
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Which Material Is Stronger?

Strain

Which Material Is Tougher?

Which Material Is More Ductile?



Stress Strain Curve Interpretation

Stress [MPa)
1230
Martensitic 5420)
que nd ternp
, 1000
Mild steel
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. hed and tempered
Cast iron AHeEne
T

Cencrete

Stress

=00

Strain
250

]

Construction
Strain [%%)

Materials
Stainless Steel



Stress Strain Curve Interpretation

longitudinal load

load from 30"

__— load from 60

stress

transverse |load

strain

Anisotropic Behavior of Bone



Creep
Low (= W | High

Temperature

The deformation that occurs at elevated temperature
under constant load.

Demo



http://www.mse.mtu.edu/outreach/virtualcreep/index.htm

Testing Energy Absorption




Coefficient of Restitution




Coefficient of Restitution
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Lab: Core of Restitution




Lab: Core of Restitution
Data Chart

Ball

Drop Height

Rebound Height

COR

Soccer

Golf

Tennis

Basketball

Racket

Field Hockey

Ping Pong

Wiffle

Softball

Baseball

Happy Ball

Sad Ball




Friction

Mormal
force
Applied
force
_—— Friction
farce
..-_

Z

Force that opposes motion.
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Static Friction

Friction between 2 nonmoving objects.

Friction resistance

in newtons
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Applied force F in newtons

Appliad
Force
friction
Thrashold F reslslance
of motion —+ | 100N P
"""""""""" H.=05 The relationship
r— fmax static = Hs N
static fricticn applies only to the
friction Il =04 threshold of motion.
Static friction ko For lower applied
force just forces the static
matches the friction will just
applied force. match the applied
] - ] force to prevent
20 w 50 eo gg  motion.



Coefficient of Static Friction

Btk

(5




Coefficient Determination

HL=-- =tan® ;
fg By +

r&

le— H le— H —|

L static =tan (angle of tilt)

Y|y

F=mg




Lab: Static Friction




Lab: Static Friction

Data Chart
Type of Angle of Coefficient of
Footwear Elevation Static Friction




Sliding Friction

Kinetic Friction



Sliding Friction

Friction between moving object(s).

Triction

——d

Motion resistance
100N '

Static friction force

matches applied
force up to 50 N

L.=0.5

—— F e friction = Mk N

A0 N /

Once motion starts,
frictional resistance
generally decraasas
- the kinetic friction
coefficient is less.

The kinetic friction resistance
Is approximately constant for
somea range of speads.

kinetic
Irction
=0.4
K,
Condiions whera
slatic Thction excaads
kinatic.
20 i 5[} &0 a0

Applied force F in newtons




Coefficient of Kinetic Friction

Triction

 —

Motion resistance
100 M ' B N
——— [ inatic friction — Mk

Static friction force

matches applied
force up to 50 N

H.=0.5

40 N /

Once motion starts,
frictional resistance
generally decreases
- the kinetic friction
coefficiant is lass.

The kinetic friction resistance
is approximately constant for
some range of speeds.

Kinetic
Ircion
=0.4
H,
Condilions where
slatic Trhction excaads
Kinatic.
20 ) 5[} B0 a0

Applied force F in newtons
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Lab: Sliding Friction




Lab: Sliding Friction

Data Chart
Surface | Fravity) | F(friction)| Coefficient of
Table Top (N) (N) Sliding Friction
Wood
Sandpaper
Cardboard

Plastic




Friction Tester
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Chemical Properties Physical Properties

Color, Density,
Size, Magnetism,
Melting and
Boiling points,
Crystal Structure,
Luster, Viscosity

Burning

Reaction to
Acids/Water

Corrosion/Oxidati
onReduction

Properties of Materials

Workability,
Brittleness,
Hardness,
Elasticity,

Plasticity,
Toughness,
Strength

Conductivity,
Specific Heat,
Thermal
Expansion

Thermal Properties Mechanical Properties



Material Science Bowling



Object of the Game
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In this activity,

you will be bowling with
words.



Each of the ten pins shown is a
letter.
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If You Make a 10 Letter Word

ARTIFICIAL



You have a STRIKE!

A Srtrike
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If You Make 2 Words Using
All 10 Letters..

K

A Spare




YOou may use
SCIENCE & NONSCIENCE
words!
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BASKETBALL
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DILANTANCY
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ELECTRICAL
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Frame 10
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Frame 10
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METALLURGY



