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Shearing 1
- Applied stress => -
- Dislocation generation and motion =>
- Dislocations coalesce at grain boundaries =>
- Forming voids =>

- Voids grow to form macroscopic cracks

- Macroscropic crack growth lead to fracture

Plastic deformation (ductile material)
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Crack
grows
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As we can see there are many mechanisms for a ductile material to
dissipate energy starting from

dislocation motion and pile up against grain boundaries and corners to
Void formation

Void coalescence

Crack formation

L.» Wwakile gﬂx Aure

MES524 Page 1

"y \/\0\\/‘“' herw \\in\Q fm&vr‘/}

faaf\l/ RA o



| -W( o |
gl

Dough-like or
conical features

For brittle materials fracture surfaces are much smoother

Cleavage

mostly brittle

intra-granulair inter-granulair
(or transgranular) between grain boundaries

split atom bonds

What factors determine what type of fracture occurs:
1. Grain boundary energy (bonding)
2. Direction of crack with respect to grain boundaries
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Samples of brittle fracture surface

Lecture source:

Ductile to brittle transition

Charpy v-notch test

Surfaces of fracture
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FCC and HCP metals (e.

. Cu, Ni:dséjéi;li@\?teai) ( olg,ddb)

iron at T < 914°C)

BCC metals (e.g.,
polymers

stress

Brittle €—J—>» More Ductile
High strength materials (o, > £/150)

/ Temperature
M Ductile-to-brittle

| S transition temperature DB ! [

N
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Brittle fracture Mixed mode of brittle and ductile Microvoid coalescence in ductile
failures failure

Transition -

MES524 Page 5



Wha  do Uov fhhk l/\GL'O/?Q/M afh ol

a M 0(5(44\(0& ?

1

N qu NH) (ncre on +oua\/\mg$?

R K

v \
J}S"’C) —) (mpv”\"g”



2. Impurities and alloying effect on DBTT

- Alloying usuallg increases DBTT by inhibiting dislocation motion.
They are generally added to increase strength or are (an unwanted)

outcome of the processing
« Forsteal P, S, Si, Mo, O increase DBTT while Ni, Mg decease it.
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' Decrease of DBTT by Mg: formation of
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some S. It has some side effects
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3. Radiation embrittlement through DBTT

« Energetic particles (such as neutron or fission fragments) => knocking
atoms out of natural lattice positions changing material property
« T,corresponds to

/

K,c = 100 MPaym >
- Wallin Master Curve model: &/ |
K-T shifts to right by AT, S/

A

—

by irradiation

A

100 Mpaym

400

Median fracture toughness (K,.)

Temperature Ty To

Stress (Pa)
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Wallin’s Master Curve
Irradiation inceases T,

A

K.~ 100 MPa-m"*
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Irradiation increases TO and shifts the curve to the right (meaning the
material becomes more brittle)
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4. Hydrogen embrittlement through DBT

+ Hydrogen in alloys drastically reduces
ductility in most important alloys:

» nickel-based alloys and, of course, both
ferritic and austenitic steel

+ Steel with an ultimate tensile strength of
less than ' t insensitive

« Avery common mechanism in
Environmentally assisted cracking (EAC):

+ High strength steel, aluminum, & titanium |-
alloys in aqueous solutions is usually
driven by hydrogen production at the
crack tip (i.e., the cathodic reaction)

« Different from previously thought anodic
stress corrosion cracking(SCC)

« Reason (most accepted)

« Reduces the bond strength between

metal atoms => easier fracture.

Next aspect that changes ductility is grain structure

Introduction to grain structure
Please read the notes from Zhigilei on grain structures

Lecture source:
Prof. Leonid Zhigilei, http://people.virginia.edu/~z2n/mse209/index.htm|
MSE 2090: Introduction to Matéfials Science Chapter 8, Failure
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Polycrystalline material:
Composed of many small crystals or grains

Grain Boundaries
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How does the grain size change the ductility and strength of a material?
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5. Grain size

* In BCC metals, brittle fracture can be initiated by
dislocation glide within a crystalline grain
* Yield stress depends on grain sjze (Hall-Petch law)
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* Yield stress depends on grain size (Hall-Petch law)
_ ky 4 7\ = J[a‘/f)l""“S ‘)
Jy—aﬂ-}-\fa 6 )/) ﬂbj""rﬁ.rﬂ—
* Dislocation pile-up acts as crack with size =d => @“0'33
+ Stress to cause brittle fracture is ?»
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« Small grain size =>
1. Lower DBTT (more ductile)
2. Increases thoughness

=
DUCTILITY & STRENGH INCREASE
SIMULTANEOUSLY!!!!
ONLY STRENGTHING MECHANISM
THAT IMPROVES DUCTILITY

- Britle line

DUCTILITY & STRENGH INCREASE SIMULTANEOUSLY!!!!
ONLY STRENGTHING MECHANISM THAT IMPROVES DUCTILITY

» Grain boundaries have higher en\ergies (surface energy) =
Grains tend to diffuse and get

larger to lower the energy \O'F Britle line

o

+ Heat treatments that provide
grain refinement such as air
cooling, recrystallisation
during hot working help to
lower transition temperature.
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This phenomenon is insignificant for ductile materials but very
important for brittle materials

That is, for brittle materials as size increases so does fracture strength
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