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Substance n(Pas)

Air 1072
Water 10~3

Ethyl alcohol 1.2 x 1073
Mercury 1.5%x 1073
Ethylene glycol 20 x 1073
Olive oil 0.1

100% Glycerol 1.5

Honey 10

Corn syrup 100
Bitumen 10®
Molten glass 1012

©2021 Waters Corporation @RheoApp

Material Value of G
Glass 70 GPa
Aluminium, copper and alloys 100 GPa
Steel 200 GPa
High modulus oriented fibres =300 GPa
Concrete 10-20 GPa
Stones 40-60 GPa
Wood 1-10 GPa
Ice 10 GPa
Engineering plastics 5-20 GPa
Leather 1-100 MPa
Rubber 0.1-5 MPa
Polymer and colloidal solutions 1-100 Pa
Dry spaghetti 3GPa
Carrots 2040 MPa
Pears 10-30 MPa
Potatoes 6-14 MPa
Peach 2-20 MPa
Raw apples 6-14 MPa
Gelatin gel 0.2 MPa
Banana 0.8-3 MPa
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MZ \}‘L
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¢
® /%, BIUIEREE 2 3
: 5
® LA [H] 5 5
® R AME L ‘
time time
.+ Step (Transient) Stress Growth
Environmental Control
Temperature C [] Inherit Set Point . N
Soak Time 5 Wait For Temperature
wy
Test Parameters © 9
Duration 120 5 § a
IShear rate 0.0 1z w “ o
; 5
. = =
Sampling ) Linear i@ Log () )
Mumber of points
] Steady state sensing
time Shear rate
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I Elastic
:
: Step (Transient) Stress Relaxation
rFy
Environmental Control w —
Temperature o D Inherit Set Point tﬁ :
Soak Time 5 Wait For Temperature h E )
s Viscous
Test Parameters H -
Duration 180.0 s
% Strain o v A
- vy
Steady state sensing E
% Tolerance E
Over time period s
Consecutive within tolerance o
to time
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W R A G —@— Fluid
—O— Solid
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: Step (Transient) Stress Relaxation

Environmental Control

Relaxation Modulus., G (1)

Temperature °C [] Inherit Set Point
Soak Time s Wait For Temperature

Test Parameters
Duration 180.0 E
% Strain % v

Steady state sensing

% Tolerance

Over time period s L L L L !
Consecutive within tolerance () 2 4 G ] 1 0

Time, 1
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: Step (Transient) Creep
rF Y
Environmental Control
Temperature C D Inherit Set Point .g
Soak Time 5 Wait For Temperature h
“ iscous
Test Parameters »
Duration 180.0 E
Stress [100.0 |Pa v A
Steady state sensing =
o
% Tolerance g K .
Over time periad s “ Viscoelastic i
Consecutive within tolerance i -
to time
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Creep Compliance, J(1)

: Step (Transient) Creep O O =
Environmental Contral J
Temperﬁture C I:I Inherit Set Point o0
Soak Time 5 Wait For Temperature
Test Parameters
Duration 150.0 s
Stress [100.0 |Pa v
Steady state sensing
% Tolerance
Over time period 30.0 s R R . .
Consecutive within tolerance
0 2 4 6 3
Time, 1
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A @ 1: Step (Transient) Creep

Environmental Control
Temperature E °C []Inherit Set Point
v r » Op Soak Time E Fait Fer Temperature
vy ' H
w ' :
b H . Test Parameters
] : H Duration 180. 0 s
" '
[ : Ftrcss 100, 0 Fa V]
H '
: : [ S‘teady state sensing
>
. % Tolerance 50 |
to t; time over tise period EXIL
Consecutive within tolerance E
A A} 2: Step (Transient) Creep
Environmental Control
Temperature |25 |*c Inherit Set Point
Soak Time 0.0 B [:I Wait For Temperature
=
‘u- Test Parameters
:: Duration 360.0 z
\ #tress 0.0 Pa v
DSteadr state sensing

> f."}_v | Data acquisition

(v ) Step termination
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: Flow Sweep
Environmental Control
Temperature C |:| Inherit Set Point
Soak Time 5 Wait For Temperature
Test Parameters
Logarithmic sweep v n
Shear rate [0.01 | to [100.0 [1s ~
Points per decade 5
»
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0.01 0.1 1 10 100 0 20 40 60 80 100
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Test Parameters
i hmic = .
Ehearrate [0.01 | to [100.0 |1s ~
| l lp 5
oints per decade
€ m = At ===
. _ | . |:| Steady state sensing
V ; I Vm o
I [ Equilibration time 200 [
: I Averaging time [10.0 |s
| : Scaled time average
| | > Scale factor 1.0
L t t
A m d Test Parameters
Logarithmic sweep v]
lghearmte [0.01 | to [100.0 |1s v
Paints per decade 5
Steady state sensing
(o)
Max. equilibration time 100.0 s
Sample periad s
% tolerance
Consecutive within 3
» Scaled time average
Scale factor 1.0
tm t t ) _
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: Flow Ramp
Environmental Control
Temperature ° [] Inherit Set Paint
Soak Time s Wait For Temperature
Test Parameters
Duration 240.0 s
Mode (@) Linear () Log
Fnitialshear rate [0.01 |ta final [100.0 |1/s v

D Inherit initial value
|:| Inherit duration

| Sampling interval sfpt ~ |
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. A A
B HIKE

® Lih. SEWIRE /

Ins'rrumems

® "I JH % (<=5 °C/min)
® BY 1 /N HE T;

: Flow Temperature Ramp t
Environmental Control A
Start temperature c ‘ Use entered value
Zoak time s Wait for temperature
Ramp rate (30 |Cimin
End temperature C
Soak time after ramp s
Estimated time to complete  00:23:20 hh:mm:ss ’7
Test Parameters
Shear Rete i v
| Sampling interval sfpt ~ | >
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W /1% (Frequency)

® 1D IR IR AL )

® 5 15 1% N

® f5: worf /\ /\

® H./i/: rad/s or Hz \/ \/ \/

® 1 Hz = 1 cycles/second = 6.28 rad/s /\ /\ /\
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ik

X KAE @ Diata acquisition
Acquisition Mode: (@) Correlation () Transient

Conditioning time

/\

rrime 30 s v |

Sampling time

/\ Time s 2

Save waveform (point display)
\/ \/ Number of points in waveform
/\ /\ /\ /\ /\ /\ Conditioning time
Number of cyces ]
\/ \/ \/ \/ \/ \/ Sampling time
r\lumber of cycles 2 W |
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® T . MIREE /\ /\ /\
S L~ _

® 7% [ (5 1 0.01-100 %)

St
(
C
Z
<

(~) 1: Oscillation Amplitude

Environmental Control

Tenperature E *C []Inherit Set Point -~ . -~
Soak Time s Wait For Temperature g el
p— 1
-1
Test Parameters o wy
o oo | | = (<8
gular frequency 10.0 rad/s - <3 =t
- —+—
= “
f.ogarithmic sweep v] =
<
%train % 10,01 | to |100.0 |% vl —y
;s

Points per decade ]

Strain
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2L 5 M o0 L i o AL 1 M)

Fro=sin(mt) ivg=sin(wt) ivg=sin(wt)

.. /.

a/ay=sin(mt+0) o/Gy=sin{mt+o) G/oy=sin(mt+m/2)

0=0 0<do<m/2 o=m/2
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Y v =vosin(wt) RWSR KT
SELE /i HE A B G' = (095/70) cOS &
// B R 6" = (G,/¥o) sin 8
PO\ wt
o) >
\ B T tand = G /G’

CE 6* =62 + 6

CEAE i In*| =+/n'2 +n'"?

o = 0y Sin(wt+06)
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NMRIERSZ BT B33 (Oscillation: Time)

B ZHE
® HNE. MiFRfE T
® A F X YR
® RN [H]

(~) 1: Oscillation Time

Environmental Control

Temperature E *C [] Inherit Set Point

Soak Time s 'Fai't For Temperature

Test Parameters

Duration 1800. 0 5

Fﬂximize number of points -,]

Ftrain % | L0 |‘i v]

Bingle point -]
[-!nsular frequency [ 10.0 rad/s v]

@RheoApp

Strain

Dynamic modulus

Waters® | T

Instruments
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time
rs
time
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IMIRIBHRSZ SR $34H (Oscillation: Frequency) Wate
B SHKE 4+
® LEEE

' A\
® L MER 5 X YRR \/

® JiIX {5 [H](100-0.1 rad/s) time

=
rs'| Cria

Strain

@ 1: Oscillation Frequency

A
Environmental Control wy
Temperature E °C [ Inherit Set Point =
=
Soak Time s Wait For Temperature "g
Test Parameters E
=
Btrain % 5.0 % -| =
=
Logarithmic sweep ~| §
F\nzulur frequency | 100.0 | to |0.1 |rad/s ~ »
Points per decade |5 frequency
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et 4 +

® 5 VE [

Strain
Temperatue

WL
i

® 77 JH % (<=5 °C/min)

® ZLVERNSRIXHRIE. SR

Dynamic modulus

Temperature

bﬂz‘llar frequency | 10.0 ‘rad}’s VI
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d

Discovery  HR-1

BRI 150 mN.m 3M
s/ NHLGE 20 nN.m o= (CP)
BAHEZE 300 radls 27TR3 10°-
HEAR I £ e H E
FEER 8 20 0 60 mm ]
HEZ 2,008 ° 10%4
Fife BN M /7 1.12E+06  7.16E+04  8.95E+03  2.65E+03 Pa
FE T F B (Paus) FHACHS I PR W a2 e R BE T R ]
1000 1.12E+03  7.16E+01 8.95E+00  2.65E+00 1/s ™ 101_:
100 1.12E+04 7.16E+02 8.95E+01  2.65E+01 1/s © ]
10 1.12E+05 7.16E+03 8.95E+02 2.65E+02 1/s Q.
1 112E+06 7.16E+04 8.95E+03  2.65E+03 1/s g 0
0.1 112E+07 7.16E+05 8.95E+04 2.65E+04 1/s 5 10”5
0.01 112E+08 7.16E+06 8.95E+05 2.65E+05 1/s Q ]
0.001 1.12E+09 7.16E+07 8.95E+06 2.65E+06 1/s @ 4]
e 52 A R e K > 104
8564 8564 8564 8564  1/s
FrRcEI B /NS /7 1.49E-01  9.55E-03  1.19E-03  3.54E-04 Pa 2]
R (Pas) (ST T IR A B I B B 1071
1000 1.49E-04 955E-06 1.19E-06  3.54E-07 1/s ]
100 1.49E-03 9.55E-05 1.19E-05 3.54E-06 1/s 3
10 1.49E-02  9.55E-04 1.19E-04  3.54E-05 1/s 10 DR rerr g T e e
1 1.49E-01 955E-03 119E-03 3.54E-04 1/s 10" 10 10° 10 10" 10 10° 10" 10" 10
0.1 1.49E+00 955E-02 1.19E-02  3.54E-03 1/s
001 1.49E+01 955E-01 1.19E-01  3.54E-02 1/s Shear rate (1/s)

0.001 1.49E+02 9.55E+00 1.19E+00  3.54E-01 1/s
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; 10" 3 \\ '*? 100_ .\- -
3 S @ N
E N o .\
> 10 N fesmE TR || L mERER | £ 107 -
3 1024
10 B LR L Bl B | T '"\'"1 b B B L B
10° 10° 10° 10° 10° 10" 10" 10" 10 10" 10" 10 10-3 ST USSPy, SS— N
Shearrate (1) 10* 10° 107 10" 10" 10" 10° 10° 10° 10°
Shear rate (1/s)
@RheoApp chinasupport@waters.com 42




B e -
FOEE M 2 HAE B W IEITE Waters® | A

Instruments

107 1000.00
0.010
[
0.009 - 4 40mm PP 1mm Water
] = 40mm 2 Deg Cone Water
0.008 - -+ DIN CC Water
.  100.000
] s 40mm 2 Deg Cone N1 Qil
0.007 -
b 102
0 ]
© 0.006 - 4 -
o ] @ 3
] g 5
= b e
E - L <
> 0.005 + < 10000 =
= ] Z z
2 | 5
S 0.004- g 0
>
B 10«3,
0.003 -
| £ 1.00000
0.002 -
0.001 -
0000 H—
10-2 101 100 101 102 103 10+ T T T T T 0.100000
0.0100000 0.100000 1.00000 10.0000 100.000 1000.00 10000.0

Shearrate y (1/s)

Shear rate y (1/s)
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SEATRORY, BTV R E TR TR, BRI T B Y %
8

S
g 0. §
N o 06 =
T = >
8 E 04 g
3 o2 3
2 >
0 0.2 0.4 0.6 0.8 1
reduced Radius Shear rate /(1/s)

o T TR N TR 1LY Vi R LRI Y . CrossififA, ZhEH T BT D)E A
< <
a e
2 2
Z =
S S
> >

Shear rate /(1/s) Shear rate /(1/s)
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102 - 103 105 - 103
+ Shampoo using PP - ~ A
&= Shampoo using PP - Correction A I 1 o Cream using PP
< Shampoo using CP 1044 o Cream using PP stress corrected
] Craam iicinn CP
- 102 )
c 1034
107 . 1 - 102
m ¥
© 1 @
N o 1024 ﬁ
s L2 s ] &
o AR ] a
= L ~ k%) 1 -
§ 10 ] \;li
100 > — -10°
100 i
- 100 ]
1014
10+ ' ' ' ' ' ' 10+ 102 et 100
103 102 101 100 101 102 103 104 10+ 10 102 10 100 10" 102 103 104
v (1/s) Shear rate y (1/s)
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