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“the science of

deformation
and flow ”

Rheology: rheo (to flow) + logos (science)
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BI4)%5 B (Shear viscosity)
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¥i3 1% — What is Viscoelasticity?

y BEEA RIS BRI

= (Combined effect of elasticity and viscosity)

Short timescale — bounce Long timescale - flows

= MG R, KT E
—=Elasticity stores energy, viscosity dissipates energy!
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$i M -Viscoelasticity
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Viscosity vs Shear rate
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Viscosity vs Test time
10° - T T - - .
e
102 3
~ 101 B =
i
100 4 s .
107 t } } + } }
0 500 1000 1500 2000 2500 3000 3500
tevent (s)
— Thirophase 2
Sample Description | Action Name | Mean Value | Shear viscosity(Pa s) | Time (action)(s)
G iR AE R -1 Rebuild time 10.10 20,0280372
IE AR ER I -3 Rebuild time 130.7 2.09486072E+003
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Viscosity vs Shear rate
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ABATI-E-ER (M320 Binder Specification)

Performance Grade

Average 7-day Maximum Pavement
Design Temperature, C

Minimum Pavement Design
Temperature, C

Flash Point Temp, T48: minumum C

[Viscosity, ASTM D 4402:
Maximum, 3 Pa-s (3000 cP),
_ Tes} Temp, C,

SRSBHE Spec Requirements to
Rolling Thin Film Oven (T240) Control Rutting

Mass Loss, Maximum, %

Dynanric Shear; TP5:

- Fest Femp-@. 10 rad/sec:

Tank Original Binder:

G*/sin 6 >1.00kPa
RTFOT Aged Binder:
s, G*/sind > 2.20kPa

Ma'vern © 2013 Malvemn Instruments Limited www.malvern.com
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WE-E 53 (M320 Binder Specification)

D G *sin 8 < 5000kPa

- Test Femp @ 10 rad/sec, C oo

Physical Hardening © Specification requirement

Creep Stiftness, TP1 :f
S, Maximum, 300 MPa
m-value, Minimum, 0.300
Test Temp, @60 sec, C

to control fatigue cracking

Direct Tension, TP3:f
Failure Strain, Minimum, 1.0%
Test Temp @ 1.0 mm/min, C

VN

Malvern © 2013 Malvern Instruments Limited www.malvern.com
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YK — Scoopability 5 &1t

oMRIEE: -10° C

102 Sample "‘%‘

100 ]‘}' || Sample 3
10 | FSarr;y :J

i i

Figure 2: Plots of shear stress vs strain for the three ice
cream samples. The yield stress occurs at the large
gradient change from the initial slope.
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Panel perception

Sample number | Yield stress (Pa) ‘Ease of
scooping 1-10°
1-blue 1258 [
2-red 1851 5
3-black 2587 3

Table 1: Yield stress and taste panel resuits.
Note: 10 is easiest to scoop

www.malvern.com
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M) FH L AR AXCREFL IEL g
i‘iﬁ ﬂ Compression/Elongation
Palate sthear | ’ ’
TR X
& ~ Upper Plate

Load T® Food
sample Lower Plate

' FG _ Semi-solid
Compression i
Fixed Gap i
(with or without —
shear)
Decompression
T 2 3 45 6 7 8 9 1011 1213
Time (s)
28 C. Chung et al. / Food Research International 49 (2012) 161-169
Malvern © 2013 Malvern Instruments Limited www.malvern.com
\ \ N ™, N2 =]
1) A A B4 PEL g o -4 [ 4 B o
@ WithoutShearatfixedgap @  With Shear at fixed gap
0.45 0.45
< .Ua.\‘iu.mm < Masingiss
035 | Peak Force - HEEZjJ 0354 g
N
0.25- Residual Force 0.25 JE R
Residual
0.15- Foree
0.05-
0.05+
0.15- /
Residual P
“orce esidual
0.25-] ¥hE N f 0.254 — Force
sy e s - -
043G 2 4 6 3 8y 2 4 6 3
Time (s) Time (s)

2 C. Chung et al. / Food Research International 49 (2012) 161-169
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(a)
042 (b)
0.11 —&—No Shear
0.44 —&—No Shear
—+With Shear
0.38 —{+With Shear 0.09-
z z
s 036 =
z 2 007
= 0344 E
2 B J
T 032 & L
B 03 g 003
-
0.28
0.01 -
02641 T T T T T T T T [
07T T T T Wy———7 3 7 5 6 7 8 3 ©

Cycle Sequence
Cycle Sequence

> 5 wt.% gelatinized starch suspensions

28 C. Chung et al. / Food Research International 49 (2012) 161-169
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(a) (b)

0.4 04

Without Saliva With Saliva

0.3+ 0.3+ S

0.2 0.2+ ’ !
Z o1 Z o1 A A
E o . Z o . A Ao i 44
£ 0.1 S 01 T\VTTTT
z Z

0.2 0.2

0.3 -0.3+

Ty 10 20 30 Ay 10 20 30

Time (s) Time (s)

> 5 wt.% gelatinized starch suspensions

2 C. Chung et al. / Food Research International 49 (2012) 161-169
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D 04
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s r & 154 8- Artificial Saliva
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3 o0z —=- Artificial Saliva 2 &T —4-Salt Solution
= —/—Mucin Solution = 1
E -
g ¥ —&—Salt Solution o
£ i
= 01 o5

0.05-

0 ; 0

Cycle Sequence Cycle Sequence

> 5 wt.% gelatinized starch suspensions

24 C. Chung et al. / Food Research International 49 (2012) 161-169
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Frequency (Hz)

10

H. Fam et al. / Rheological properties of synovialfluids, Biorheology 44 (2007) 59-74
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