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Why Capillary Rheometer?

** The most common melt rheometer to analyze
flow behavior of polymers under processing
condition (shear rate, time, temperature).

¢ Duplication of processing parameters for design,
simulation, and trouble shooting purposes in a
faster way.

4

* Predict optimal operating condition based on
correlation of rheological data from capillary
rheometer to processing parameters.

L)
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s
www.moldex3d.com

s Analyze different materials for various
applications and design. APPLICATIONS
SHEAR RATES ENCOUNTERED IN PROCESSING ¥' Polymer viscosity at wide deformation rate range
Compression Injection Spin v P0|ymer melt flow behavior
i Molding I(akwdﬁ'me]l E\-ﬁ'usmni Molding i Drawing i v Shear thinning behavior
10° 10! 10? 10 10° 10° v Polymer stability over time/temperature
> Elastic properties (die swell, wall slip)
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Dynisco®LCR 7001

Force measurements

from Load Cell | +* MEASURES:
v’ Force
v’ Pressure
v' Ram rate
v' Time

| v' Temperature
— RESULTS: v" Expansion of extrudate
Pressure measurement ,| . M b Polymer flow curve
from Pressure Transducer —— (LabKars Software) <* CALCULATES:
-A

A ™

i S S v" Shear stress

ST v’ Shear rate

v’ Shear/extensional Viscosity
v' Die swell ratio

pparent Viscosit!
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General Specification

— Load Cell
Piston (ram) — L Rarrel
Pressure Transducer Heater
— Temperature Sensor
LT Capillary Die

C 18 o1

Based on ASTM-D3835 “Standard Test Method for
Determination of Properties of Polymeric Materials by
Means of a Capillary Rheometer”

'» Dynisco

» LCR7001 SPECIFICATION

BN N AKX

Temp range: 25-500 °C

Shear rate range: 1-100000 1/s

Barrel diameter: 9.55 mm

Available length: 227 mm

Working length: 125 mm

Min piston speed: 0.03 mm/min

Max piston speed: 650 mm/min

Max force measurement from load cell: 10 KN
Max pressure measurements: 1400 Bar
Accuracy of test-to-test~1.5-2%

Accuracy of rheometer-to-rheometer~8%




Extrusion & Capillary Rheometer

Screw

Barrel Thermocouple

Pressure
Transducer
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LCR Preparation Before Running the Test
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LCR Cleaning After the Test

: = R A
Put cotton O/ a2
“position to clean barrel.
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Shear Sweep Test

(Polymer Flow Behavior)

'» Dynisco



What is Shear?

In a slit
—[H] Shear _ _ _
B b Stress (PT II\:,// ﬁz\)
Sliding Layers Shear aoriv/m
[A] > o /ce
: B
| ]
Shear _ .,
In a tube /[x] Rate /7 H
*’ Shear -
[ slidi .
| . P Force .re.
x\ ' F = Force
A = Area of layer
[H] H = Gap betweyen layers
X = Displacement of layer
T= Time

'» Dynisco



Calculation of Rheological Data in LCR

nD3 S (mm/min): pisto
T) D, (mm): barrel dia
R, (mm): die radios

F
_ _/mo}

o3 T., — =
Y 4‘(L/D)die

L(mm): barrel diz
* Ty = L/D: length to diame

o p
X

L ]
4(*/p)aie P, (Pa): driving press

entrance from “pressu

1, (Pa-s): appare
T,, (Pa): wall shear
» V,(1/s): apparent she

i _ » Assumptions: 1: Fully developed, isothermal, steady state, and Laminar Flow - 2: No radial or
E Dyn'sco circumferential velocity components - 3: Incompressible fluid - 4: No slip at the wall of the die




Shear Flow in Viscoelastic Polymer Melts

Random coil

Stretching Oriented
Highly entangled

Partially aligned Highly aligned

log Viscosity
(Resistance to Flow)

log Shear Rate
(FRate of Flow)
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Effect of Various Factors on Polymer Flow Curve

How an Increase In Various Factors Affects
the Polymer Melt Viscosity Curve

Molecular Weight

L LLLLI

Pressure
? 3 |
& E I Filler
: C Temperature I I
o
g B Plasticizer
O |
|
> E
C Lubricant
1 1 IIIIIII 1 IIIIIIII 1 IIIIIII.I | - | IIIIIII 1 Illllll' 1 L Ll
Shear Rate (1/s)
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Flow Curve of Polymer Melts

M

Newtonian
plateau

No |-

logn (Pa-s)

-."KIUIIIIII
-

Transition ™

Region

/ (nﬂ; ]’}g)

" Shear thinning
(Power-law)

Region

vV
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No =——» Mw
Zero-shear viscosity

Yo ——> MWD

naracteristic shear re

log Viscosity

log Viscosity

Narrow

/ MWD
Broad /

MWD

log Shear Rate

- Higher Mw

Zero Shear Rate\
Melt Viscosity (n.) Lower MW

log Shear Rate




Molecular Weight Distribution (MWD)

golvmers with Broader MWD: \
» Better processablity (fluidity)
» Less viscous dissipation during
their process
» Less energy consumption during

their process
Lower mechanical properties /

— 1

PAVAN Broad MWD

/"N

_—

Narrow MWD

Molecular Weight Distribution

'» Dynisco




Analyzing Polymer Degradation from Flow Curve

Extrusion Condition

Heat

» Barrel temp
Mechanical shear
» Screw speed

'» Dynisco

Flow curve of plastic samples before process and

Higher no and Mw after process at various screw speeds in an extrusion

Residence time Lower 0 and Mw
Flow rate

f‘%‘a
NG

De'gradation

Wiscoaity | Pa-s)

= Unextruded
* 1000 RPM
42000 RPM
* 3000 RPM
» * 4000 RPM
S
. B
R
*
"=
r

| iH} JEEE LLHHHI

Shear Kate {1./5)

Farahanchi, A., Malloy, R., Sobkowicz, M.J. (2016), Polymer Engineering & Science 56: pp. 743-751




Mw Dependence of Zero-Shear Viscosity

Critical Molecular wt. (M)
molecular entanglements occur

Polymers with higher Mw:

v Higher intermolecular entanglement
v Higher strength

v Higher chemical resistance

'» Dynisco

Relationship of the Molecular Weight
to Melt Viscosity

Fox-Flory Equation
n=KM,)"

Where:

SLOPE =34

Moo= “Zero shear rate”
melt viscosity.
K, =Constant

My =Wt. avg. molecular wt.

SLOPE =1

MC = “Critical” molecular wt.

log M,,

L.H. Sperling, Introduction to Physical Polymer Science, John Wiley & Sons, 4t Edition.




Quantitative Relationships for the Dependence of Viscosity upon Shear Rate

Power-law Model

e k (Pa-s): Consistency
* n: Power-law index

% “Only” fits the shear-thinning (power-law) portion of the curve

Log Viscosity

% Shear-thinning exponents dependent on intermolecular forces.

\ ** nranges from 0.2-0.9 depending upon the type of polymer.

** n equals to 1 for Newtonian materials.

Slope=n —1

Log Shear Rate ** n represents the processability (shear-thinning intensity).

% Polymers with lower n are more sensitive to the shear rate.

% n decrease with broader MWD.

: - 0’0
E Dyn’sco J.M. Dealy, K.F. Wissbrun, Melt Rheology and its Role in Plastics Processing: * k h a S te m p e rat u re d e p e n d e n Cy a n d CO nt rOI Ie d by M W.

Theory and Applications, Van Nostrand Reinhold, New York (1990).




Quantitative Relationships for the Dependence of Viscosity upon Shear Rate

Modified Cross Model
No

1+ (Lely1-n

n(y) =

* Mg (Pa-s): Zero-shear viscosity
e " (Pa): Critical shear stress
n: Power-law index

i
nO:".A.r‘iﬂ.ﬁ.ﬁ_"_u
| -
\ L ES
-!-_"' w i _-._t !
A
= .
{7
E 0
3 <
i
b
o .
q ' §
a
o * G
= &
=

:JI.:F :

i o 14 i - Y - i J ot

I L ’ Log Shear Rate % L I
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s Combines the power-law and Newtonian regions.
s Also fits the low shear Newtonian plateau.

% 1o is controlled by molecular weight.

s T" is stress at the beak in curve and controlled by MWD.

¢ Broader MWD (by blending or branching) cause earlier T*.

J.M. Dealy, K.F. Wissbrun, Melt Rheology and its Role in Plastics Processing: Theory an

d Applications, Van Nostrand Reinhold, New York (1990).




Viscosity-Temperature Dependence

Window into the process

—_ T=190°C —_—— T=230°C — - —T=285°C
10

— - T ] “-k\‘
¢ -
© Tood [
& == &

3 —— ~3
E 10 = }\5
7] Il
0 R
Q - RS
2 Increasing SN
> \:\\
‘g 102 temperature Dl
o N
Q
a
- §

10"
10° 10" 102 10° 10
Shear Rate (1/s)
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(*1* Williams-Landel-Ferry (WLF) model: (T, <T <T, + 100)\
No(T) —Cy(T —T,
og(ar) = 1o _ Zall - L)
T]O(Tref) CZ +T - Tg
Cy =17.44
\ C2= 51.6 K )
(?Arrhenius model: (T > T, + 100) \
‘ =no_<ﬂ=exp[ﬂ<1_ ! >]
! no(Tref) R \T Tref

E,: Activation Energy
i _ -3 kJ
R:Universal gas constant = 8.314 X 10 /mol K

\_ _/

J.M. Dealy, K.F. Wissbrun, Melt Rheology and its Role in Plastics Processing: Theory and Applications, Van Nostrand Reinhold, New York (1990).



A Window into Your Process!

» At shear rate 100-1000 1/s (common at normal RPM in

Resin Viscosity Comparison at 225 C extrusion), the processing of which polymer cause higher

torque and head pressure, and viscous heating in the
100,000 :

extrusion?

n_£ 10,000 : » Which polymer has higher shear-thinning behavior

> = (easier process-ability)?

S e » With increasing screw speed which polymer will have the

3 i highest flow rate?

i 100 IE

3 e » Which polymer has the highest molecular weight?

10 | |
0.1 1r 10 100 1000 10000 » Which polymer had the Broader MWD?
Log Shear Rate (1/s)
e e » Which polymer might have linear might have long chain-

branching and which one might have linear structure?

'» Dynisco



A Window into Your Process!

— Polymer 2

» Which polymer might face higher thermal degradation with
increasing temperature?

» Which polymer has wider processing temperature?

Viscosity (Pa-s)

520 260 300 320
Temperature (°C)

'» Dynisco



Shear-Sweep Test Setup in LabKars

-
‘ o ‘ Data Point Setup # 312 )
- - Il Close
. |Temperature |MeItT|me |Sensor1 D |D|e ‘ ~

D i i o Lo B 1. Add/delete Data Point Setup
100 190 300 LC502N CX39430 Add New Data Point Setup
| 314 PE Siabiliy 100 190 300 LC-502N Cx39430 D elete Lact Data PaintS 1 2. Program Name
315 PE Stabiliy I 100 190 300 LC-502N Cx394-30 olete Last Dala Pont Setup L.
I 316 PE Short 100 190 300 LC502N (38430 3. Start Position (mm): 89-100 mm
| 317 PE Long 100 190 300 LC-502N Cx39430 Expon TestDsinkon | o )
i 51 P Sl S 1 I 300 LoS02N EE 4. Temperature (°C): barrel temperature set point
319 PE Slip Large 100 190 300 LC-502N Cx39430 impor Test Defnion |
| 320 PP Swaep 100 190 300 LC-502N Cx394-30 5. Melt time (sec): 180-360 sec
] 321 PP Stabilty 100 190 300 LO502N 0X394-30 3 ——— 6. S 11D: LC-103N
. ensor . LC-
Contral Mode Generate Shaar Rate
o wem  lele E |;eed§@m® K \|Shwﬁat@e - . 7. Die: choose entrance angle, D and L/D from list
¥ SteadySiste ¥ 1 180.00 2189.04 0 e e : s
csmss () i ! o s o | [ s 8. Minimum/Maximum Speed (mm/min):
(" Puosition [Acouite At-mm) N 3 85.72 1042.47 0 Start, 1 ’7 Min at O 03 and MaX at 650 mm/min
4 59.16 713.47 0 .
(" Manual n : 4082 495,43 0 End| | e o e .
(" Time Delay (Acquire At-sed) : b 28.17 34258 0 ¥ Value in Speed Control 9. Data ACqUISItIon mOde'
(" Elapse Time (Acguire At- sad) : ; 12:; fgg:f g ierg:;eﬂ::ﬂcod steadv state, POSItlon, Tlme DElay, Manual
3 9.26 1261 0 - Lineer .
‘MinimumSpeedW I 10 6.39 7N 0 = 10. Speed Control range (mm/mln)
Maxinum Spoed 807 | T | 11. Shear Rate range (1/s)
12. Send: sending test setup to rheometer

» Send F::)

'» Dynisco



LabKars Software (Control Screen)

1! setup |@Amlyze EyReport | ] Export |3Lnser | T Server | About Ij’_CIose |

#1: LC-103N

255 5

#2:

255.1

|Newtons j

Force

l [rvewiv uils

@&

Temperature

190.

seconds — ~|  246.6830

e Y

@ I Run Time
ﬁ Run ﬂ Park o Up @ Stop 79 4
] Acquire Purge & _Down P reaL
P
Comme (@e ‘@«To e
E[@ & @l 128: TPE Viscosity
[——Sensor | —Speed [—Sensor2 |
3
@
wn
E :
g
W

Test Started : 1271

RUH DATA

») Dynisco

Tin-re (s)

Help | Mainlenance|

Plunger Position 14

0. OOO 2134

O e

mm/min

LCR700

Laser

Paoint

#8
Rate:

-1a0
a0

-50

-40

(uuunu) paads

30

-20

— 00

B Gt = W N =

R R R R R R R
o RWNEO

Real-time data graph during the test

RCAL: balance transducers!

Run: run the test!

Acquire: collect data!

Stop: stop the test!

Purge: purge all the material in barrel!

Up: move plunger upward!

Down: move plunger downward!

Park: go to park position (25mm)!

Sensor #1 (N): force on load cell

Sensor #2 (N): force on pressure transducer

. Active Ram Rate (mm/min): piston speed
. Temperature (°C): actual barrel temperature

Laser (mm): die swell detection
Plunger position (mm)

Run time (sec)

Collected point: at each shear rate




Data Analysis

Plot of log apparent viscosity versus apparent shear rate

it Fiob Daplay

=
Ia FREEIEER ) 4| B 61 &) 4] ) [T -] =l :

/4 10° | Companson of Two PEs

Sample ID
Click to make | HDPE-1[2136] |
= LLDPE-1 [2138] 3

logarithmic scale

1020 Right Click to
10’ 102 10° 10 _|_» change the axis
Apparent Shear Rate (1/s) —

Apparent Shear Viscosity (Pa-s

'» Dynisco



Data Analysis

Power-law model analysis

S| [FEmE ) 4 G & 2L lelPower Law ~] i i i gose |
Comparison of Two PEs
PR O O W 0 1) BT SO O S W 3

& ai] PowerLaw

o

)
-
-

T .

Choose
“Power Law”

Funct ional Form : PowerLaw
. Viscosity = A ® (Shear Rate)™B

deeioi-lSample ID: HDPE-1 [2136]
i1 i |Parameters:

A = 19289 (232.0)
B = -@.588 (9.0032)

{1 | RMS Error = B.609x
¢ ! ilSample ID: LLDPE-1 [2138]

. i i |Parameters:

A = 4145 (71,3)
B = -@.405 (9.0832)

” RMS Errer = 11.490x 32 Power Iaw
fitting data

-
o
w

Sample ID
-8~ HDPE-1 [2136]
—¢ LLDPE-1 [2138]

10" 102 100 10¢
Apparent Shear Rate (1/s)

-
o
M

Apparent Shear Viscosity (Pa-s

'» Dynisco



Data Analysis

Modified cross model analysis

-5 FREHMHES *» A| B &) & 2ol 12 gModified Cro ~| /(@) : L grose
—T0 Companson of Two PEs

B 7 o0 =7

Choose
“Modified Cross”

ﬁ_ %) Modified Cross

- Functienal Ferm : Modified Cross
i A

(1-C)

. [ Ax(Shear Rate) ]
B .-~\‘

i |cample ID: HDPE-1 [21361

i ; { |Parameters:

: N A = 8245 (582.2)
= ! : : B = 31293 (7169 7)Y

I T C = 385 (0.0099)

"1 RMS Error = 5.032%

Sample ID: LLOPE-1 [2138) Modified cross
-l 1583 (&idle) fitting data
346 (8.81

33)

A =
B = 11
C = a.

i~{ RMS Error = 1.732x

-5 HDPE-1 [2136] |
—¢ LLDPE-1 [2133] ;

ST R e ‘

102 2
10’ 102 103 104

Apparent Shear Rate (1/s)

Apparent Shear Viscosity (Pa-s

'» Dynisco



Raw Data in LabKars

File Edit Flot

= PrintA’Eﬁﬂ\S‘ Refresh

Interp}iate | Plot Table |
[ Include header info when copying

Select Report Type
Sample ID: |2-5 M P o Save Screen Seftings
@ Sensor 1

Database Path:
d:\PROGRA~1\LABKAR~2\Database

El*ﬂgopy‘ | o« - HlClose

Operator: ‘MC Lot #: |9-1E|-E|7
 Sensor?  e—
Material; |HDPE Sensor 1 LC-103N Melt Time: 300 !
" Sensor 1 &2
Machine: 7001 Sensor 2: RCal: 102.1 %
. Printer Format
Select “Slngle Date: 09/10/2007 10:37 am Temperature: 210 C Melt Pause: Os Y Select the type Of
Die: CZ787-15 Start Position: 100 mm Program Name: 127.FZ2LR -
o ” Landscape
Ru n/M Od Ify to Comment: CZ787-15, CZ7E7-15 Sensor
Point |Sensnr1 (5] ‘Pns (nim) |Ham [mmymin) ‘T\me [=ec) |Strass (Pa) |Hate [11z) ‘visc (Pa-5) |Hea| Temp (C) |Da\ay Time: | -~
L 1 198 108 1.13 63189 46139 1.72 26818.6 210 0 > S d II
see the raw data L 2 189 110 088 @31.13 46281 148 310183 210 0 ensor 1: Loa ce
L 3 206 118 1.20 1225.08 47838 1.83 26183.8 210 0
i 4 a0 140 B1.27 126080 218402 9329 23188 210 0 > Sensorz: Pressure
L ] 958 165 7287 1282685 222771 111.10 20061 2088 0
Ll 962 190 80.80 1302.16 223761 123.01 1818.0 20849 0 transducer

Max, min, average, i
mean, and standard Raw data
deviation information
of all parameters

Force Position  Ram rate Time Stress Rate  Wiscosity
Average: 575.4 137.5 364 1106.3 133865 55.4 15027.4
Maz 961.8 190.0 80.8 1302.2 223761 123.0 31018.3

Min: 198.3 105.0 1.0 631.9 46139 15 1819.0
Court: & & 6 & 6 6 &
Mean: 575377  137.508 36392 1106253 133865.300 55406 15027.430

St Dev:  410.315 34177 39.153  269.850 95462.460 59610 14315.950

%. = | EHLCR Unit 03 L. |EHLCR Unto4 .. | B ["B aphaTech

‘» Dynisco



Export Raw Data in Excel

A=

f2
I 1" setup |§Analyze |Re|1 | Export | T Server About |j'~CIose | LCR 7’001
#1: LC-103N TR : PT-142BAR Temperature Plunger Position
-1.1 200 0
[
Select
Ram Rate
a«“ ” . Database Path:
i
Export A Switch Database ‘ d:\PROGRA~1\LABKAR~2\Database _) 0 0
=i ac ChargeIDateTime |Sample m] IOperatDr IMateriaI Lot Die |Die ~
|| 1261 09/08/2007 01:17 pm LOPE MC HOFE Low Stress Firstwith intermediate Cx394-20 |CX: m/min
Egiim 1262 09/06/2007 01:51 pm 25N MC HDPE Low Stress First with intermediate Cx394-20 Cx:
e %[ | 1263 09/06/2007 03:52 pm 25N hAC HOFE Low Stress Firstwith intermediate Cx394-20 |CX:
|| 1264 09/07/2007 0917 am 25N MC HOFE 787 Die CZ787-15 |CZ:
| | 1265 09/07/2007 0348 pm 2.5 N bC HOPE 787 Die CZ787-15 |CZ:
| | 1266 09/07/2007 0415 pm 2.7 N hC HOPE 787 Die CZ787-15 |CZ:
1267 09/10/2007 08:59am 27 M kAT HOFE 9-10-07 CZ787-15 CZ:
| | 1268 0310/2007 09:31 am 2.7 N bC HOPE 9-10-07 CZ787-15 |CZ:
e 1269 0911072007 10:04am 25N HDP’E 9 10-07 CZ?B?-‘I 5 CE‘;
Select “Single 31270 0571072007 1037 o “
w
. ” = £
File” to export o oo
— S ding Fow & xport To:
. = L] =~ 1270
the data in Excel s 10 - @ Multiple Files | Charge #
3 , - e s o 1 ]
] 50 120 180 240 300 360 420 450 540 500 560 720 750 540 500 960
Time (s)
Status READY

olymer Test. ..

'» Dynisco

r-if!. untitled - Paink

CHARGE DateTime

1 <> [ \Labkrs
e [y | usshapes-

o8 6 [dcsmies

NOOE4E & -

Choose your
data set

erztorCvatiD
HOPE

ar10/2007
ar10/2007

Raw data in
Excel sheet

A-=EEE@. | o5

(B caien, | 73 [ cvbrcizs | £ spraTecn
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From lab to production,
providing a window into the process

Rabinowicz and Bagley Corrections
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Corrections

(AII calculations we discussed are “Apparent” values since they assume Newtonian\
behavior and that the entire pressure drop occurs inside through die. (Assuming no
die entrance/exit effect)

¢ Rabinowicz correction needs to be applied in order to rectify the data for non-
Newtonian character of polymer melt. (Calculation of corrected shear rate)

¢ Bagley correction needs to be applied to consider the extra pressure drop that may
happen at the entrance/exit of the die.(Calculation of corrected shear stress) /

‘» Dynisco



Why Rabinowicz Corrections?

Flow through a die

B
A A A A A A

VELOCITY SHEAR RATE SHEAR STRESS
I;ttp://www.eng.uc.edu/"'beaucag-/RyanBreese/Rheolog-/rheology.htm
Shear rate profile
—~ Flow Velocity
-g ; “\\‘” I, R
——- { Newtonian
= 90 SRR /- SR . ... J—— - e ()
- Ll
© 2 — -
.E 3
g2 j—/———*
; E Al ————————
T
2 =
—_—l L
= — Y .
S — Non—-Newtonian
23 ==
. 2 —_— -
Ll - o
GEJ o0 ¥ Newtonian
> =2
R
a.
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Rabinowicz Corrections

4 A

L L

Pseudoplastic 1% — 1%
corrected apparent
polymer melts

[n<1]
\ Correction Factor )

'» Dynisco



How to Apply Rabinowicz Corrections in LabKars?

Fle EdEt Pl Diply

| & [FAEEmmE ) 4 B olon  ERCICE . |
/ | Companson of Two PES

~

Click to plot viscosity
versus “corrected”
shear rate

!
o
. I

Sample ID -
P -8- HDPE-1 [2136]
|2 LLDPE-1[2138] |

—
o
':'.(-|LJ

—
o
.

Apparent Shear Viscosity (Pa-

102 100 10¢
Apparent Shear Rate (1/s)

—
=

'» Dynisco



Why Bagley Corrections?

. » A =ApPgarrer: Very minor pressure drop in barrel
Barrel Pressure Profile

Barrel Die Extrudate » B = APEnirance: Excess pressure drop in die entrance

» €= Apcapitiary Fully developed flow region in capillary die

** Large pressure drop associated with the flow entrance regiok
due to viscoelasticity of polymers.

[
E ¢ After entrance region, The pressure gradient approaches a
E constant value (fully developed flow region)
pr::;;re s In reality:
, , , - “/ AP total™ AP Entrance T AP capillary
Die Starts | Die Ends

¢ Bagley correction needs to be applied to calculate the
entrance pressure drop

'» Dynisco



How to Calculate the Entrance Pressure?

Straight line . - P Reading — Pentrance
(usually) _ Corrected I,
15 4(p)
3 e where
x L
. D Pentrance = P(atB = 08
£ OR
Z 3
—~Ppntrance f PReading \
Tcorrected = L
e 4(5 + 6)
lﬁl where
Three dies, same diameter B d correction = —LEntrance
but different lengths A D

(e.g. L/D: 10, 20, and 30)

'» Dynisco

J.M. Dealy, K.F. Wissbrun, Melt Rheology and its Role in Plastics Processing: Theory and Applications, Van Nostrand Reinhold, New York (1990).



How to Apply Bagley Corrections in LabKars?

Select “Copy Table to Clipboard” under
“Edit” menu to get the raw data

I De

File Edt Flot Display
| E-CX394-05 |.
—%—CX394-20 |,

> T EER - Bl

L Close

| [FREHERED *) A B 6 & ¥4 el [soin -] o] =2

Il Close

Apparent Shear Viscosity (I:

14 star

Select “Attempt Bagley Correction”

1021

—
(]

[ Global Preferences
sac | M | iv. | Mise  Baghey

— [+ Attempt Bagley Correction

Terms in Polynomial Fit (2=Linear)
ne run needed for each term.

y AP

sional Viscosity Calculation

= |

X Cancel | :

7 Help 7

LFBEC rﬁ LCR _True_and_. ri Alpha Technolo.. .‘-kl|;-|'|.3 Techre. .

‘» Dynisco
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Right click on each axis and select the appropriate item to plot




How to Calculate True Viscosity?

-

/ NTrue = % \
where
» Nrrue (Pa-s): Viscosity with Bagley and Rabinowicz Corrections

» T, (Pa): Bagley corrected shear stress
» Y. (1/s): Rabinowicz corrected shear rate

y

‘» Dynisco
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From lab to production,
providing a window into the process

Viscoelasticity
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Mechanical Models of Viscoelastic Behavior

PURELY ELASTIC RESPONSE PURELY VISCOUS RESPONSE
o =E¢ _J€
o=
7 dt
b
Strain Z
A Fy > A Strain
Permanent
Time : | Deformation
A 4 >
Stress Stress : >
appﬁied removed gﬁigg gﬁiﬂ Time
; applied removed
¢ & Vo
Hooke's law = _1__ — P>
o —_—) ', » il Newtonian fluid
O = EE y :—’—" A% _—> . =
> T=NY




Mechanical Models of Viscoelastic Behavior

(c) VISCOELASTIC RESPONSE

Strain Creep

ecovery

} Permanent

-:f%qrmmfm?
Stress Stress Time
applied removed
g VISCOELASTIC :
|\ ]
Ideally elastic Ideally viscous
behaviour behaviour
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From lab to production,
providing a window into the process

Extensional Viscosity Measurements

'» Dynisco



When Extensional Viscosity is important?

Any process that has
stretch!

S

- o

http://www.smg3d.co.uk/images/pc_bottle_master_blow_mol
ding_resized.jpg

'» Dynisco


http://www.polymersni.com/industry/extrusion-film

What is Extensional (Elongational) Viscosity?

Extension in the Entrance

Shear in the Die

+* Since the diameter of the barrel versus die is very large, there is a high
degree of stretching along streamlines at the entrance to the die

s* Cogswell assumes that the pressure drop in entrance has two
components, one due to shear and one due to extension

'» Dynisco



Cogswell s Equations

> n: Power
> PEnt (Pa).'

\2
‘Q’ 3 — 4yana
3(n+1)PEnt

J.M. Dealy, K.F. Wissbrun, Melt Rheology and its Role in Plastics Processing: Theory and Applications, Van Nostrand Reinhold, New York (1990).

‘» Dynisco



How to Perform Extensional Viscosity Measurements in LabKars?

T EER - Bl

L Close

Select “Copy Table to Clipboard”

[{} Y/
ngies under “Edit” menu to get the raw data
E N rlotp A \
| Dle File Eit Plot  Display D@z
ig’;ggjgg S RS ) Al B 5 ) 24 ¢/ ] v Lo |
e 108 Extensional Viscosity versus Extensional Shear Rate
_é\ ,,,,,,,
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> © |
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rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr k<
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1 <
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10° 104 5
hearRate (1/s) |l |77
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10T,

107 00100

Extensional Rate (1/s)
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Viscosity Calculation” nsert number
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Right click on each axis and select the extensional type of axis



LDPE

than LDPE (branched structure)
in shear but softer in extension

Shear Viscosity

SHEAR
&
Op@ =
% z
A)é\ -;8—,
w©
-
=
w
| -
.g
Shear Rate w EXTENSION

‘ Time
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From lab to production,
providing a window into the process

Wall Slip Velocity & Melt Farcture
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Wall Slip in Capillary Flow

s Wall slip velocity increases dramatically a@
critical shear stress (~0.1 MPa).

¢ Slippage reduces apparent viscosity. Also, the
surface of the extrudate begins to be rough
(melt fracture).

s Wall slip happens due to elastic properties of
polymer materials.

+¢ Critical shear stress is lower for polymers with
higher molecular weight

¢ Trouble shooting by using larger die diameter,

longer die, tapering the die, higher temperature

or lower shear rate.

Radial Position(A)

0.00 002  0.04 0.0 02 04 06
Axial Velocity (A/ps)

i . N, e,
htl’://www.rapidcolour.co.uk r I I
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Effect of Wall Slip on Capillary Rheometer Results

® D=0508mm
B O=0782 mm
& O=127 mmm

OO V:.Iip +
—>
————»

F
<]
h

slip .

0.1

L —— Mo-slip
Plug flow (fully wall slip) Laminar flow (no wall slip) %
r N P
o
2 m-»
[T F
o
&
=

\:\ -
B LD = 40
Vinean 1 ‘III:I 1 [IJI:I 1000
L '___,..-"'"

Apparant shear rate, g1

Melt flow with wall slip

R.D. Chien, W.R. Jong, S.C. Chen, Study on Rheological Behavior of Polymer Melt Flowing Through
Micro-Channels Considering the Wall-Slip Effect, J. Micromech. Microeng. 15, (2005), 1389

S. G. Hatzikiriakos, Wall Slip of Molten Polymers, Progress in Polymer Science, 37 (2012), 624-643

Wall slip causes formation of plug flow and a discontinuity in flow curve.

'» Dynisco



How to Calculate Wall Slip Velocity?

1000
i .
s o 1 T . /
100 _——— Ealcul_atcd Silll'l; Velocity V4
“,‘Z“\ g - ] _\pcr;mcnta ata /
where | | : | ,,-&. /‘
> V,, (mm/sec): Wall slip velocity ® p Stape
» V,(1/s): apparent shear rate at a given value of shear stress s | A
> R-(mm): Capillary die radios s ///-'
X: Dimensionless parameter (a function of the shear stress & o F e -
' '"1;—]:*’] Critical shear stress
| Slope=
0.01 ) R R R | 1 PR .m ]
0.001 0.01 W
Ste ps . Wall Shear Stress, 6, (MPa)

Produce a series of flow curves using a set of dies of varying radius (R.).
) ‘ , . 1
At a given value of shear stress, make a plot of apparent shear rate (y,) versus inverse radius (R—).
C
. . . : . 1
Slip velocity at a given shear stress will be one quarter of the slope of y -vs- = plot.
C

Repeat the test at other shear stresses and calculate the slip velocity at each specific shear stress.
Make the plot of slip velocity versus shear stresse.

e e S

: - Reference:
E DY"’SCO J.M. Lupton, H.W. Regester, Melt Flow of Polyethylene at High Rates, Polym. Eng. Sci. 5, 235-245 (1965)



How to Notice Wall Slippage from Flow Curve in LCR?

R rloto

Fle Edt Plot Display

/ T—EI—CY30.O 30RC
—%- CY400- 30Rc g - _
Perform shear rate 102 —— e BE IS
101 100 10° 102

sweep on two dies
with same L/D but
different diameters

& [FAEEEEN ) Al 5 5 2 o (] i = fLuee |
— 108 Elastomer Tests for Slippage _ Slippage affect Power-
= S e 3,;"’JJ " By Law model parameters
9-../ - ) Functional Form : PowerLaw = /
> 5 i Viscosity = A * (Shear Rate)”B /
= 10 ez

13 b1 9B G

NOT overlapping of results | 3 . e o

from two dies means slippage |> 10 : 1 2= ues uy

happened at the smaller die § e o o-Erren = .S
P 3 ! I JETE R SO I~ N U O 10 NN S S
»w 10°____

-— O e e S S A ¥
-
o
| -
Q.
o
<C

Apparent Shear Rate (1/s)

B8 .9 gl 1123

Viscosity is lower when slippage
»] Dynisco happens in smaller die diameter.



Melt Fracture Trouble Shooting in Extrusion Process

http://file.scirp.org/Html/2-1740143_70424.htm

/This phenomena happens due to elasticity of polymer \
melts. Any procedure that reduces the melt elasticity
will help to troubleshoot. e.g.:

v' Increasing temperature
v Reducing screw speed (shear rate)
v’ Increasing the die length or die diameter

K\/ Tapering the die /

‘» Dynisco
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From lab to production,
providing a window into the process

Time Sweep Test

(Thermal Stability of Polymers)

'» Dynisco



Thermal Stability of Polymer Melt

, S}\\ (Constant temperature and shear rate or stress)
5 >l S~
Ime —_= C -linki
at tifondll | -1 SRR
Degradation & 2 4 Stable
Temperature AN /
=2 2
= 8
O 5
O ©
L %
> 3
Very hot s L Degradation —
for a short time é
or ~L
Amorphous Hot for a
|0ngtime B S g 4oy 4 4oy Jdy e el gy
olymerizatre
Cross-linking Time at Temperature (Minutes)

stability test can determine the resistance of a material to a change in viscosity at the test temperature.
stability of polymer melts varies depending on temperature, time at temperature, formulation, and contam
test can be used to show the presence of moisture or reactive chemicals in a polymer.
test can be used to measure the degradation rate or reactivity of a sample

'» Dynisco



How to Set up Thermal Stability Test (Time Sweep) in LabKars?

ﬁ Setup

H‘-|r H‘ |¢‘x‘e| Data Point Setup # 11
Setup#|Pngram MName |Start Fas. |Temperature |MeItTime |Sensor1 1D |Die | -~
| 2 7523 Control Grey PP 100 230 300 LC-103MN Cv300-33 l
| 3 Polycarbonate 100 304 300 LS-103M Cy'300-33
4 Position Based Test a0 190 300 LS-103m CH300-33 -
: 5 Bagley Test 100 230 300 FT-142BAR-A Cx394-40 AL — S X At
| & Thermalstability Test 100 285 120 LS-103N CZE00-20 ]
| 7 MNylon a0 240 240 Lc-103m CZ2394-20 13 6.5 2
| 8 HDFE a0 a0 360 LC-103M CZ787-15 ] mm mm/sec sec
| 9 FPEEK 100 400 300 LC-103M Cv400-15
| 10 PET I, 100 285 240 Le-1a3m Cr300-33 | Where
I 11 Mylon Stability g4 240 180 LC-R0ZMN CZ394-20 . .
Select = > » AL: Piston travel distance
o ) ” Control Mode o
Position & Rats « Stess = A e between points
Test Type Test Type Paint # |5peed Cantrol |ShearF|ate |De|a_l,l Sec Time Min L
(" Steady State ki 1 6.50 73.05 "
N | o 2 6.50 79.08 115.0 > S: Piston speed
® Fosition (Acguire At- mm) 3 6.50 79.05 128.0
S B 4 6.50 79.05 1m0 | _ Max pluner travel (130 mm)
anua — -
n L 6.50 79.05 154.0 Test time (e'g.zo min)
(" Time Delay (Acquire At- sec) - 6 6.50 79.05 167.0
| 7 6.50 79.05 180.0
(" Elapse Time (Acouire At- sec) ] .50 7905 1930 > A . H H
r : - o o t: Piston time travel
Minimum Speed [103 [ | 10 6.50 79.05 2150 between points

Maximum Speed |50 ‘_'_’ _ Test time (e.g.ZO min)

" #of points (e.g.10)
Appling the same speed and

'» Dynisco shear rate multiple times



How to Set up Thermal Stability Test (Time Sweep) in LabKars?

H|4‘- H| ‘v’|x‘e| Data Point Setup # 11
Setup#|Pngram Mame |Start Faos. |Temperature |MeItTime |Sensur1 1D |Die | S
2 7523 Control Grey PP 100 230 300 LC-103N Cv'300-33
B 3 Polycarbonate 100 300 300 LC-103M Cv'300-33
B 4 Position Based Test aa 150 300 LC-103M Cx300-33
| h Bagley Test 100 230 300 PT-142BAR-A Cx394-40
| & Thermalstability Test 100 285 120 LC-103M CZE00-20
| 7 Mylon 11| 240 240 LC-103M CZ394-20
B & HDOPE an a0 360 LC-103M CZ787-15
| 9 PEEK 100 400 300 LES-103M Cvd00-15
| 10 PET LW, 100 285 240 LC-103 C#300-33 | Add delay time to increase
takail ity 240 C-RO2MN : :
the stability test time while
Control Mode .
& Rate C Stess Wl e e] =] o] ] ] e] keeping shear rate constant
Test Type Paint # |Speed Control |Shear Rate |Delay Sec |Time Min ire At
(" Steady State - 1 6.50 79.05 / 102.0
2 650 79.05 66 115.0
® Position (Acquire At - mm} B 3 6.50 79.05 6b 128.0
| 4 6.50 79.05 66 141.0
® | 5 6.50 79.05 66 154.0
" Time Delay (Acguire At - sec) - b 6.50 79.05 &6 167.0
7 6.50 79.05 66 180.0
(" Elapse Time (Acquire At- sec) B 8 6.50 79.05 66 193.0
| 9 6.50 79.05 66 206.0
Minimum Speed |0.03 E 10 6.50 79.05 66 219.0 -

Maximum Speed W
'» Dynisco



Thermal Stability Test Results (Time Sweep) in LabKars

@z L O
= b i ey

0 200 400 600 800 1000 1200 1400
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Plot of apparent
viscosity versus
residence time

Apparent Shear Viscosity (Pa-s)
(]
ey
[ ]
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From lab to production,
providing a window into the process

Die Swell
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Die swell Ratio

D — D 4;
Extrudarte die % 100

The Source of Extrudate Swell x
die

Percent die swell =

@xpansion (re-coiling) of extrudate after exiting die.

¢ Qualitative measure of melt elasticity.

*¢ Relaxed die swell is used to predict part dimension

*¢ Running die swell is used to predict productivity of
extrusion process.

¢ Analysis of extrudate smoothness.

Deforming  Ohiented &Nd' % Trouble shooting by using larger die diameter,
longer die, tapering the die, lower shear rate, or

————————————————————— R ———
\higher temperature.

https://www.azom.com

'
D Extrudate

'» Dynisco



Die Swell Measurement in LCR

Measurement of Extrudate Swell

cCcbD

"-"-{ Scanning Laser

Top View

D Extrudate

Scanning
Laser

t

Polymer Laser Beam

'» Dynisco

¢ Detection: CCD element

¢ Light source: 800 nm laser

*¢* Resolution: 2.75 um

** Measuring range: 0.13-23 mm
** Response time: 1.4 ms

+** Accuracy: £0.003 mm



Die Swell Measurement in LCR

Melt Eracture Melt fracture produce a noisy die swell measurements.

..: ; 1]

Ram rate

L 140

: 110
_.| |Percent die swell i 2
g E
Ez WW#: 1
£ ' ;
. W £
e ) teo &

https://www.azom.com/article.aspx?ArticlelD=13578
14
.

]

i T i

i 00 200 300 400 il 300

Tirre (seconds)
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Die Swell Trouble Shooting in Extrusion Process

http://www.rheoheat.se/ve_rheo.html|

[This phenomena happens due to elasticity of polymer \
melts. Any procedure that reduces the melt elasticity
will help to troubleshoot. e.g.:
v’ Increasing temperature
v Reducing screw speed (shear rate)
v’ Increasing the die length or die diameter
v Tapering the die

‘» Dynisco
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From lab to production,
providing a window into the process

MFR Correlation
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How to Calculate MFR from Capillary Rheometer?

Weight in MFR test Shear stress
(kg) (Pa)

2.16 19350
) ) 44792
Calculate the shear stress in the melt flow rate test 200
(using a standard die) 10.00 89584
21.60 193502
X
ElE 2 FEREL- sk Lo |
1o Verifying that Shear Stress is in Correct Ran‘ge |
‘Ch‘ar‘g‘e‘ L
-=-2138 [
Determine the shear rate achieved at this shear £
h 5 105
stress from material flow curve 8
5 y:
£ .
z/
104
107 102 103 104
E Dynisco Apparent Shear Rate (1/s)




How to Calculate MFR from Capillary Rheometer?

6. Calculation of melt volume rate (MVR) as follow: \
R3

n
MVR = 600))T

where
> MVR (cm®/10min): Melt volume rate

> Y (%): Shear rate determined at “step 2”
» R (cm): Standard melt flow rate tester die radius

4. MFR calculation knowing polymer melt density as follow:
MFR = MVR X p,,
where

> pm(m‘:l;g): Polymer melt density

‘» Dynisco



How to Measure MFR in LabKars?

o Database Path
4 Copy ‘ i - Il Close d:\PROGRA~1ILABKAR~2\Database

Interpolated Data Coeffisients in Polynomial: B 2

BPlot_—@reiecgh

|Ca\c.\/\s:. |Ca\c. Stress \ Lensor
Date: 09/10/2007 10:37 am (lis) (Fa-s) (Pa) [ Modify Points
100 2154110 @ Sensor 1
Irterpolate by 200 13183 2530RT 0 Biemed 6 &
500 5722 336578.0 data points Sensor 2
Select 1000 307.1 3670910 ® ke 2
O Shear Reie 2000 2305 480864 .0 RMS 738 6318
«“ I ” 5000 1085 5478670 Corr. Cosff 09988 «“ ff' 2 2
Interpolate T R T R2 0 9508 Set “Coefficient in
" Residence Time [~ Rahino Correct -
”n
Polynomial” as 3
el Flow
Load Melt Density — wyR ce/10min MFR g/10min TeliperEile: 200
0,143 0.107

Save as Default

Melt Flow Based on Shear Flow Analysis at Same Shear Stress

Insert “Load” in g and polymer
“Melt Density” in g/cm3 in
“Melt Flow” section

X, v{'g LCR_Unit_03_L... r@ LCR_Unit 04 L., r. & Technolo... R‘);.’oi"”'}!,! 10:10 PM

'» Dynisco



How to Measure Melt Density in LCR?

ﬂ Setup
n‘q‘» u‘ |¢‘x‘e‘ Data Point Setup # 324
Setup#|Pngram MName |Start Pos. |Temperature |MeItTime |Sensor1 D |Die | ~
a 315 FPE Stahility Il 1aa 190 300 LC-502N Cx394-30
a 316 PE Short 100 190 300 LC-502M Cx394-30
a 317 PE Long 100 190 300 LC-502M Cx394-30
a 318 PE Slip Small 1aa 190 300 LC-502N Cx394-30
a 319 PE Slip Large 100 190 300 LC-502M Cx394-30
a 320 PP Sweep 100 190 300 LC-502M Cx394-30
a 321 PP Stability 1aa 190 300 LC-502N Cx394-30
a 32z PE Stability 100 190 300 LC-103M CZ3594-20
| | 323 PE Shear Rate Long 100 190 300 LC-103N CZ394-20 . Manage the positions to
Select I 324 Melt Density 120 190 300 LC-103N CZ394-20 -
I~ o
P at 1 — have 14 mm of piston
Position e
(® Rate (" Stress b ““ ‘ "l' -‘A‘ ‘ ‘("‘ t I d-t b t
T t T TestType Fuaint # |SpeedE0ntmI |ShearF|ate |DelaySec |TimeMin Acquire At-mm |A rave ls ance e ween
es ype " Steady State R 1 32.89 400.00 134.0 °
y _ 2 32.89 400.00 30 1480 points
(@ Position (Acquire At-mm) — 3 32,89 400.00 30
(" Manual i 4 32.89 400.00 30
(" Time Delay (Acquire At-sec) : 5 32.89 400.00 30
(" Elapse Time {(Acquire At - sec)
(" Relaxed Die Swell per zone
L3 .o L3
Ny Five measurements of melt density Whenever the plunger is
Minimum Speed |0.03
.o .o L3
Maximum Speed (650 in ItS delay tlme, cut the
o .o
Apply Max Packing Force [~ Average Readings | points. over last ,_ SEC. extrUdate and welgh lt
Melt Pause |30| SEC.
Barrel Diameter [0.376  jnch MACRO | Estimate TestTime ‘ 300 SELC.

'» Dynisco
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From lab to production,
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Intrinsic Viscosity of PET
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What is Intrinsic/Solution Viscosity (IV)?

¢ Creating a dilute solution of the polymer and comparing the flow
rate of the solution to the flow rate of the pure solvent

¢ Advantages
» Performing at room temperature
» No need to melt the polymer
» No need to dry hygroscopic polymers (e.g. PET, PA)
» Common flowability specification (rather than MFR) among the
manufactures of hygroscopic and filled polymers

¢ Disadvantages
» Delicate apparatus
» Using of noxious chemicals as solvent
» Not environmental friendly

http://alokrj.weebly.com/dpt-3rd-sem.html|

‘» Dynisco



Relationship between Melt Viscosity and Intrinsic Viscosity

/ No = Ky (My,)** \

{ Melt viscosity J Nmere @ M, :ox-FtI?rv
quation

In[ng] = InK; + 3.4In[My,]

Nintrinsic = K2 (MW)a

- . oM Mark-Houwink
NTrinsic VISCoSIty Intrinsic w Equation

\ In [nlntrinsic] — anZ + aln [MW
L.H. Sperling, Introduction to Physical Polymer Science, John Wiley & Sons, 4" Edition.

a
3.4

InNnerinsic] =

.

‘» Dynisco



PET Melt Viscosity Versus Intrinsic Viscosity

2 Temperature = 285°C

w 107 g=

=

e

‘»
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2 10° A
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g 2 //,

§ 10" F—a

©

o)

e

»

o 10’

)

N 0.5 0.6 0.7 0.8 0.9 1.0
Intrinsic Viscosity (dl/g)
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How to Determine IV of PET in LCR Capillary Rheometer?

E

&

&l Plot ‘ i3 Refresh

Database [ Filters } Single Run/ Modify | Internolate | Plot Table |

Selected Charges

{+ Copy ‘ - Close

Database Path

d:\PROGRA~1\LABKAR~2\Database

_FX]

File Edit Flot Cisplay

= f@ﬁﬂﬂJ%JFJ&UWM 1V=0.817 nmnl

‘PP Thermal Test

RN
o
w

ity (Pa-s)

ISCOSI

Shear V

10°

IIS0OSIA Jeays Jusleddy

-1 Use Modified Cross to Get |V Button for PET at 2

5C

Clear All ’_ additional days W R Res
N d
ey Diate |0-#I-0 E Lot]o-A1-0
Switch Database Prograrm: 0-AF0 R e
Last 3
Sample ‘O'A"'O j D\e2|O'A”'O
Remove ltem Save Grid Settings Operator| 0-2I-0 - Temperature’W
Count. 0 Found: 1168 Runs LAkl = -
Program ‘Charge‘DaleT\me ‘Samp\e Sulcl 1 W v IM ‘ = ‘ ‘TemperaturelCummem
FMC 1248 08/31/2007 02:3:HDPE e | e L 210 Test Config 2
[|Fvc 1249 08/04/2007 01:5:HDPE | [Referefe@Point #1 Reference Point #2 L1 210 Test Config 2
[|Fmc 1250 08/04/2007 02:5-HDPE 1V, 1V, -2 210 Test Config 2
[|Fme 1251 09/04/2007 04 2HDPE [lo26 dilg 0650 dug : d 210|Test Config 2
FMC 1252 09/05/2007 08:3:HDPE o X Cancel | |2 210 Test Config 2
[rc 1253 09/05/2007 09-4:HDPE Viscosity Vi 2 210 Test Config 2
[|Frac 1254 0305/2007 10:3 HDPE 6150  pag 1780 pag 7 Help - 210 Test Config 2
|Fmc 1255 09/05/2007 TLSHDPE. | 1y oorectioal Slope Slope: 0.215 -2 210 Test Config 2
pvc 1256 09/05/2007 OT4HDPE | e o O 2 -2 210 Test Config 2
FMC 1257 09/05/2007 02:5:N 2.5 -2 210 Test Config 2
[Fmc 1258 09/05/2007 04 3ILDPE -2 210 Test Config 2
[ |Fc 1259 09/05/2007 05:2 LDPE MC  HDPE  |Low Stress First with intermediate CX394-2 CX304-2 210 Test Config 2
[rc 1260 09/06/2007 09:1:LDPE MC HDPE  |Low Stress First with intermediate CX394-2 CX394-2 210 Test Config 2
[|Fvc 1261 09/06/2007 01 1'LDPE MC  HDPE  Low Stress First with intermediate C384-2 CX304-2 210 Test Config 2
[|Fmc 1362 09/06/2007 01:5 2.5 N MC  HDPE |Low Stress First with intermediate CX394-2 CX304-2 210 CX394-20, CX364-20
[Fmc 1263 09/06/2007 03:5/2 5 N MC  HDPE  |Low Stress First with intermediate CX384-2 CX304-2 210 CX394-20, CH304-20
[ |Famc 1264 09/07/2007 09:1725 N MC  HDPE 787 Die CZ787-1:CZ787-1: 210/CZ787-15, CZT87-15
[Famc 1265 09/07/2007 0342 5 N MC  HDPE 787 Die CZ787-1:CZ787-1: 210
Far 1266 09/07/2007 04:1:27 N MC  HDPE 787 Die CZ787-1:CZ787-1t
Far 1267 09/10/2007 08:5:2.7 N MC  HDPE 81007 CZ787-1:CZ787-1:
[Far 1268 09/10/2007 09:3 2.7 N MC  HDPE  8-10-07 CTT87-1:CTT87-1!
[Far 1269 09/10/2007 10:0:2.5 N MC  HDPE  8-10-07 CZ787-1:CZ787-1! 210/d]
VEEE ;70 0941072007 10325 N MC  |HDPE |9-10-07 CZ78T-1'CZI8T-11 210 CZ787-15, CZI87-15
<
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From lab to production,
providing a window into the process

LCR Dies Information
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LCR Die Part Number Code

Formula for die part number: X

ADDD-LL
where
» A:entry angle
(W=60°, Y=90°, X=120°, Z=180°)

> DDD: diameter in inchesx10000

» LL: length to diameter ratio /

'» Dynisco



Die Diameter

Die Diameter (mm
0.38
0.75
1.00
1.50
2.00

‘» Dynisco

)

142000
18700
7900
2300

980

** Smaller diameter produces higher shear rates. \

¢ Larger diameter causes less elastic deformation applied
at the entrance of the die.

¢ larger diameter cause less entrance pressure drop, less
die swell, less extensional deformation, and less slippage.

¢ For calculation of wall slip velocity at least 2 dies with
different diameters (same L/D) are required. /




Die Length

s The portion of fully developed flow in compare vm
entrance region increases with increasing the die length

s The percent error produced by entrance region is less with
longer die.

SON TP LN 1] < Short die for measuring elastic deformation (e.g. die swell,
t slippage) and long die for measuring shear viscosity.

+* Noisy reading from short die at very low shear rates

** For calculation of entrance pressure (Bagley correction)

and extensional viscosity, at least 2 dies with different L/D
ratio (same diameter) are required.

'» Dynisco



Die Entrance Angle

KEntrance angle has effect on flow patterns at th}

entrance to the capillary die.

** Lower angle causes smoother flow, less vortex flow,
and less energy consumption at the die entrance.

% Lower angle reduces the elastic deformations (e.g. less :
entrance pressure drop, extensional deformation, die iy A L
i http://wwi spefro.c}r Iz}v#lhf 1p0-2012-05-14

swell, melt fracture and wall slippage). .:],:s : j:ff SEiE

:, ,I (I . . [

** Lower angle favors shear flow.

Stationary vortex flows
in the corner region

http://slideplayer.com/slide/3432579/

Flow pattern at the entrance to
a die with a flat entrance (180°)

‘» Dynisco
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