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Physical Foundations of Dental Materials Science
8.

Mechanical properties of materials 2.
Plasticity
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<+ Mechanism of plastic deformation in crystals
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Strength of some dental

materials material iensie (MPa) | Gromy, (MPa)
enamel =10 =400
dentine =110 =300
ceramics 5-400 20-5000
porcelain =25 =300
polyethylene (high density) =30
amalgam 30-55 200-450
PMMA =50 ~80
glass ~50-70 ~ 700
gold 108
aluminum oxide =170 ~2100
zirconium dioxide =250 = 2500
gold alloys 300-900
Pd-Ag alloys 400-700
Ni-Cr alloys 400-900
Co-Cr alloys 600-800
Tialloys 900-1100
carbon-fiber (61%) = 1700
reinforced epoxy
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Toughness

vagy energy absorbed until

fracture (ws)
strength <> toughness:

Examples:

METALS

steel

stress, ¢ less
tough tough
fracture (strong but (strong and
strength, 6, Fecmmccm e g brittle) plastic)
© Og {-==-=gr-===-===-===-====g
) 3
1 »
! -
! »
1
toughness = 1
energy absorbed 1
up to fracture w, I
1
Wim®) !
|
1
1 >
T
&
strain, ¢
strain, ¢
Ws (J/m3)
not tough
(brittle if not
plastic too) — toughness —_— tough o
10000 v
N ceramics
|
\
\
1000 |—_N =
e
e B
\
‘sses \
1
© I
a 100 porous !
E_ ceramics
5
=
=]
c
g2 w0
»

0.01 0.1 1 10 10¢
toughness (rel. units)

11

200
g ‘
E 150 ‘
© CERAMICS 0
n & 0 0.1 0.2 03 0.4
g 1 strain, ¢
o o EO,T | ) I | |
A lic gl
e PoLYMERS
’ 3 g ; £
8 8 8 £ w0
3 3 s °
strain, ¢ g /\B(F“’nyfir
8
w
20
10
o 1 2 3 4 5 & 71 8
strain, ¢ 10
10
o - Stl'f‘f
- - Brittle
@ - Strong - elastic
g - strong
» - tough
- ductile
- Modertely strong
- tough
- ductile
- Weak
- Low toughness
strain , ¢
12
12



Mechanism of plastic deformation in crystals:

A

In case of amorphous
materials: viscous flow
only!

Moving a rug by moving a wrinkle in the ru 3
13
Quantities of plastic range
(oy, &, g%, We),
[— and hardness
Are yery sensitive to lattice
defects.
» [E— Similar reason:
Brittleness of ceramics
15

15

Movement of disclocations

14
14
Changening the strength and plastic properties of metals
decreasing grain size (d)
w
o
£
A
£
z
]
>
s 10% 10" 10°
grain size, d (mm)
g
Cold-work =
o
"
g
° 200
100,
L 0.05 0.1 0.15 0.2 0.25
strain, ¢ 16

16




Cu - Ni alloy

Alloying 500
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Fatigue,
fatigue fracture
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cycle
0, .
L alternating
Oa load R
time, t
stress
amplitude
Omin
Omax
pulsatory
load

Tegion oT Slow
crack propagation

fatugue

on womn

Region of rapid failure

22

T | D i S Oaverage
]
g s 4 .
= time, t
2]
i iti 2.
Persistant, repetitive load (stress) 2 v SPECHral
— structursl changes ° load
o § [t ter I . VY
— strength decreases c) g &
L i
g . A time, t
v 3 Omin
Crack 8
. 8
formation! £
8
21
Fatigue curve:
every point in the curve &
represents fracture
& 2 N
= \ 2,
© = <
© g NN
S 2 A
E B AN
= eg. steel, titanium Py
= 2 10 IMA
: BN
w % - s N~—l_rp
a eg. at o, load ~2Luminum, p, a
@ . , Drass
= 10° cycles are possible @ S PTFE
* without fracture %
0
100 10 10° 108 o7 100 10° 10° 10* 10° 10° 107
no. of cycles upto fracture, N no. of cycles upto fracture, N
£ 200
£
¢
)
°
2
o
E 100
8 —
"3
4
k7
10° 100 102 10° 10t 10°  10% 107

23

23

no. of cycles upto fracture, N

Hardness

Resistance against plastic deformation
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Hardness measurement

Rockwell C Test 434@ Sy=133 ks u=-.2
time= B.0660E+BE
dsf = @.10666E+01
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Connections with strength: Hardness of dental materials:
2000 material HV (MPa) | HK (MPa)
s dentine ~ 600 ~700
£ / enamel ~3400 3400-4000
b” 1500 gold 60-70
.‘:_:: acrylate =200 =200
o
g 1000 gold alloys 600-2500 = 2000
‘3 amalgam = 1000
2 / Pd-Agalloys | 1400-1900
2 500 /
S AN Ni-Cr alloys | 3000-4000 | 2000-3500
- | cast iron
SLeo Co-Cralloys | =4000 3000-4500
0 glass ~ 5000
°© g8 8 8 8 8
3 S S o =3 porcelain 4500-7000 | =6000
-— N (3] < n
Brinell hardness, HB (MPa)
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Hardness measurement

Methods of microhardness measurement
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Charpy test Y4
test specimen @
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Impact energy = The loss of
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(C)]
h
Specific impact energy=
impact energy / cross
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(J/m?) 28
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5. A piece of zirconia with a fracture cross-sectional area of
1cm? is tested in a Charpy. The drawing shows the
hammer’s start and end positions. The hammer has a mass
of 2 kg. Calculate the specific impact energy of zirconia! -

starting
position
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45cm

end
of
swing
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