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The basic principle of rheology

Rheometer

AMz0 BdEE F1, A9

0lo

C}
=]

o

=M5l0] Mk, Bt E 22 rheological parameterE 244

Rheological Parameter

Young's modulus
=Tensile modulus

* Parameters & units
Stress; 3 /™ 4] [Pa, or dyn/cm?]
o = tensile stress, 7 =shear stress
Strain; M & H| & [T 9 =]
= tensile strain, y = shear strain
Strain rate; ¥ 3 < &=, d(strain)/dt [1/s]

Shear modulus

;‘ = tensile strain rate, ;/ = shear strain rate
Modulus; Stress/Strain [Pa or dyn/cm?]
E = Young's or Tensile Modulus, G = Shear Modulus
Compliance; Strain/Stress [1/Pa, cm? / dyn]
Typically denoted by J, J =1/G
Viscosity; Stress/Strain rate [Pa*s or Poise]
n




Hooke’s Law

The basic principle of rheology

=X HE HA

S@lflel  s===moemmemmemmemmemmommommommomoocosssmesssssesassosssssos Liquid
Ideal solid(perfect elastic) ------- Real materials(viscoelastic) ------- Ideal liquid(perfect viscous)
1. Solid(elastic)
- Hooke's law s A7HT B3
F = —kx -> HY S AI7|H HFEO| Z2ot o X7 {IX|0|HX] HdEHE X W ME



Newton’ s Law

2. Liquid(viscous)

> MK A= MEJF YD BE A .
-> X7} S RO W £ YHOR SE(F LS} Aokt B MLE IR}
1 o4x|of HE Ot HTEA

- Newton's law

rznﬂz dx/dt _dx/dy dy

dy Tay T dt Tt

of =22 &ek(y)of et #Hots Y=o (Fd)MLHo| sl 2etit
= &4 A=0lct



Rheological Linear viscoelastic theory

- Hookean Solid - Newtonian Liquid
* Elastic component

-HEES 2 M A2 XIS 10| 2Ht2 Bt2
- StrainBt =R

- HE0l Ol X2 X E(spring)

* Viscous component
-BEES E M HES A2t HEIF BER

-> AlZE XIH0l A} ZAIZHS] HENM SEHE
-HYEO UXNZE HESX 210 &=4aE(water)

o =Ee T=ny Shear rateJt 2% DM,
Lol MHNXE HE

r=1,7+G,y

* Viscoelastic 2 &
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Rheological Linear viscoelastic theory




Dynamic test

Deformation
A= 0| A|ZH0| 2 sinusoidal wave @EZ Strain B3}

g=y(t) = Asin ot |/\
NS

Response

Solid(elastic)
o = E¢ = EAsin wt }Qv'

Liquid(viscous)

rzn(i—i/:nAa)cosa)t

* Viscoelastic

. total stress = o + 7 = A(E sin wt + 7o cos wt)

= AJE? + (nw)? (cos & sin wt +sin & cos wt)
{-cos8 =E/E® +(nw)®,sind =nw/+E* + (nw)*}

= A/E? + (nw)*}

- Ha*Hsin(a)t +5) {'0'*




Dynamic test

- o] 5.5 v o,
.. elastic component = TCOS 0, VISCous comonent = TSIH o

l o
EzTCOS5,77=A—wSIn5 Eg Jg

i
°
r
of
E
=2
L
o=
L

» Complex plain
tan 6 = damping factor
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Dynamic test

1) Dynamic time sweep test

- Amplitude, frequency, Temp &%
- Time H3}

D (B)=ol Al BXto)| Chet oh g d

2) Dynamic strain sweep test

- Frequency, Temp 2&
- Amplitude H#H3}

; LVR check A| 7+ BEO| O] 2



Dynamic test

3) Frequency sweep test
- Amplitude, Temp £ &
- Frequency B3}

; Time-temperature S&E(TTS) & & &

4) Temperature ramp test

- Amplitude, frequency & &
- Temp B3}



Transient test

1) Stress relaxation test

- &7 0o 2 strain2 7151 A2 8|

- Stress ZH&f

- 20| A2l JEfOM A =Q| LHE FXRIF A|ZHO] X|LEHAM XXt HHE|O] 2 S0|l= W= Byl
- Stress relaxation modulus, G(t)

G(t) E@
4




Transient test

2) Creep and recovery test
- Ideal

- 9% A7 Ser i
- Straing A|7H9] &=
- long chain tails0j| 3

ot stress& FCH7F 4XH7| AA
2 =9
| Z+
—
 Zero shear viscosity
» Creep compliance

- Viscoelastic



FI

Shear Rate (s”)

Ow test

I ugo=l 2= 49
EHEE + AS

* Shear dependency

Newtonian Fluid

Dilatant Fluid
[Shear Thickening)

Pseudoplastic Fluid
(Shear Thinning}

Bingham Plastic

Shear Stress (1)

(viscosity vs shear strain)

* Newtonian; =, 7|El X 2XtZF x|
* Bingham plastic; paste

* Pseudoplastic; polymer

» Dilatant; suspension



Cell Zfgeometry S/ =&

Parallel plate

Y5 2 MHE ~ A5t 10K
High shear rate; sample &7 Lzt
X|E0| &5+E ¥E F53

Concentric cylinder
ChM2 MEE82= =%t

AHE 7N €8 2 £ 0| M £ slip 0| LIEHH

High shear rate; sample &7 L}7}X| e
glgd oo 22

* Building material cell & vane rotor

 Pressure cell



Operation window_ Plate-Plate

» Plate-Plate(PP20, PP35)

- Sample volume

PP20; 0.4 CM°
PP35: 1.0 ¢cm®

Perm.temprature max; 600°C



Sample 0f (tE 4

Polymer < (very) high viscosity
e X} ~ high
temperature

* RT(reactions)

* oscillation test

* very low ~ medium
shear

Solution  « Low ~ high viscosity
« X 2 100%= O|5}

* 7}& high shear

Solvent ¢ low viscosity
« 719| 100 0|8}

* medium ~ high shear

Colloid o M X O CHst

* [iM| 2 100&£ 0|5}
e Shear Z1 L O CHQF

» Oscillation test

- RN AF/ B

—

- Torque spec

e PP with CTC

- 52 X5 PP
» Concentric cylinder

cHo g2

* Concentric cyllnder

+ 2710| CHFsto] 7

0| 0]3=

 Concentric cylinder

« N2 HEG A|F OFRA
cHE2 HRo 2& W20 05y
AtgtO| BEZ; variable gap..

* Solvent 4t
ESESKe] geometry

» Solvent =&t
s MMt geometry

OONE=Y @g(thlxotropy)
R —_rL"°I 2Hdd; loading
* LVRO| S X| Q! °*° S =

. SoIvent "HF

ZIMEe A0 B ~ =& i X8 signalll Li2tE &=

Felotil =2 22 &6 8t

0/0

-> 71 014 signal& 7111 frequency/amplitude/shear rateS
0l 2 LVR =1, inertia(or slip), edge failure S2| X2t 3|2




Performance

» Specifications

Torque range N 0.01 ~ 200,000
(Oscillation) ANM
Torque range 0.003 ~ 200,000
(Rotation) AHNm
Normal/Axial force N 0.01 ~ 50
Angular resolution nrad 12
Frequency Hz 10 ~100
Angular velocity 7
(CS) rpm 10 -~ 1500
Angular velocity -8 _
R) rpm 10~ ~1500
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