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Simulation of Co-Rotating Fully Intermeshing Twin-Screw
Compounding Extruders
Alternatives for process design

Alex Utracki Frank Lechner, Dipl. Ing.
Director, Process Technology Compounding & Extrusion Head of Process Technology Compounding & Extrusion
Coperion Corporation, Sewell NJ Coperion GmbH, Stuttgart
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» Incentives

» Material Properties
» 1 D Simulation

» 3 D Simulation

» Summary
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Process Design
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CFD-Simulation Test — Scale-up
 Experience

« References

AN TN

Page 5 2/27/2017 SPE Polyolefins 2017 — Houston, TX co p e r i o n

confidence through partnership



r»compounding & extrusion

»materials handling »service

Process Sections of the Twin Screw Extruder

Polymer Feed

Filler Feed

Atmospheric Vent

Vacuum Degassing
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Viscosity

Strong dependency on temperature and shear rate

N ,
10° lety)/lsytr;reerhe Ngeoasuring range % T[°Cl:
; : m 150
— e 160

< 170=T,
- A 180
S 10 R v 190
E— 1 200
[72] 4 : ;
I
> : :
g 1075
0 1
10% ~+rrmr—
10? 107 10°

Shear rate Y[rad/s]

Source: Covestro (Bayer Technology)

Reality

>
>

Only MVR available

Measuring of shear thinning
inconsistent

Viscoelasticity: poor measurement
leads to false predictions

Not available for compounds

Fibers Fillers Polymer
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Density and Heat Capacity
Strong dependency on temperature

Density Polycarbonate

Heat Capacity Polycarbonate

Specific volume-temperature (pvT) 2400
Makrolon® 2805 — constant
(-=GenericPC ) linear
1 L oiwes 22001 o measurement
- DN 2 —  fit on measurement
0.95 80 MPa 22000
_E:D — 120 MPs =
: | == 2
<09 / ) %1800 7
c @©
E 0.85 /’_// " gmoo /
2 =]
? 0.8 ﬁﬁ//// % ®
S — — — 1400
g —
0.75 : | 1200 <2 : : : : :
0 50 100 150 200 250 300 350 300 350 400 450 500 550 600
Tin®C Temperature [K]
Source: Covestro (Bayer Technology)
Reality
Often only constant data for density and heat capacity
False prediction for flow rate and temperature
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Process Simulation (1D — Modeling)

Geometrical Data Feed limit (?)

* Process set-up -

« Screw design fM.=Gz = :IFTVji%rhh )

* Screw pitch, etc. } el |||1
o — kK(T)v, "85 Back-up length !
[=—2— Ml

Process Data S ML -T,

* Screw speed ) <y, = “;_“;‘f:;’ v eS

» Throughput C T

« Temperature profile Pressure build-up

« Discharge pressure etc.

Polymer Data
* Bulk properties
« Viscosity data (Flow curves) (?)

» Heat transfer coeffiecents (’))

Product quality (?)

Specific energy input

Simulation Model for:
« Feed intake (?)

« Plastification, devolatilization(?)
* Pressure built-up

Polymer temperature
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Process Simulation (1D — Modeling)

No longer maintained
» Akro: Prof. J. White

e Morex

Current
e Polytech WinTxs
e Ludovic
e Sigma

« Company internal:

Morex

TR

Covestro (former Bayer Technology), Coperion
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Material Properties Required for Twin Screw Extruder

Calculations
With the input data

\ \ > Process Data

X
Material Properties

\
\
1 » Thermal conductivity [W/mK]
“ « Heat capacity [kJ/kgK]
\
\
!

 Density [kg/m3]
* Viscosity [Pas]

v
Machine Data

» Screw speed [rpm]

» Material feed rate [kg/h]

» Material feed temperature [°C]

» Material pressure at the screw tip [bar]
 Barrel temperatures T_b [°C]

 Barrel configuration 1 Z
» Screw configuration P [ FﬂT

Using analytical and numerical methods the

following are calculated in the process section:

» Material temperature T, .1 [°C]

» Material pressure P, [bar]

» Degree of fill [%]

» Specific energy input SEI [kWh/kg]

Note for the calculations:

* the shaft cooling is not implemented
*» most of the element types can be calculated
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Material Properties Required for Twin Screw Extruder

Calculations

Thermodynamic data

*Crystalline melt / glass transition temperature
*Thermal conductivity

*Thermal conductivity of the solids

*Heat capacity

*Melting enthalpy

*Solid enthalpy

Rheology data (also for blends)
*Viscosity data to get Carreau / Power-Law parameter and
*Temperature shift using Arrhenius / WLF

Densities

*Melt density
*Particle diameter
*Solid density
*Bulk density
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Coperion Data Structure for Twin Screw Extruder Calculations

Processing-
parameters

EXCO
DB

PROPFIT
DB

REBEX
to calc. discharge

Calculation
models of screw

elements, etc.
DB

pressure
DB
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Coperion Data Structure: Screw Configuration Database EXCO

WM. EXCO32 - [EXCO32 KOMBIZ DEMO DEMO-ZSK380]

B5. File Edit Zoom View Tools Window Help

D|E’“v|aﬁ|
Mew | Open |Search

H|&| &

Save | Print 20k

8l =10l x|
=81 x|

Copy

B

Paste

a1
Export

s}
Undo

Prop

Dt

Feset

o

All

i

[done

=
b

Delete

& E
LD

In

Close

Z5K380 Objects
=B

hing
Conveying Element

Compary

Screw D

Mach D

Product

5.L[-3801

B.Lenagth

Mame

Date

[CwF

Demo-Z5K.380

SK380

7380

7380

CONRAD

an 14, 2005

Kneading Block
Place holder
= Unkrcwr
e 8 Unspecified [REMERIC)

Feed Bamrel
Insulating Plate
Solid B arel
Spacer Plate
Urnkniown Barrel
Werit Barel

EAVNANHIEAN WA

¥ Material of Construction

fdd |

Shaft Lng: I

Pos = 72744 |33w190 LH |aaa¢m(.51-33m19043|
| Current DataS ource: D:HEXCO324DEAEXCO32_MachineData.mdb

[14.04 2008 =1 Y
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Coperion Data Structure: Material Database PROPFIT

iidi. Propfit32 - [Propfit32 PE-LD BASF 2440D KOMBIZ DEMO ZSKALC32_EXAMPLEO1] =1 ] 9
B3 File View Tools Window Help — =] x|
O | = | &
MNew | Open |Search
R
Save Print Graph | Estimate| Cancel

Repasitory ID: [K.ombiz User ID: [DEMD Revision: 7K alc32_E xample01
Reviged D ate: |23.11.2DD4 Degcription: |

F Heat Capacity T Single Point Y alues T Elasticity T MFR
M aterial T Yizcosity T Diensity T Thermal Conductivity

Data Source: Fiheologie | Data Date: I Arheniuz | WL |
Referatce: IEonrad
aay (T}

. E,
Rheometer Type: ICapiIIary YI ?}(}I,T) = W ar(T) = exp[?[%, - %”U ]]

Data Grade: |1 a - Complete, data tabulated j
10000001
Comment: I
T - ]
Power Law I Carreau ] 100000 /190
—
Shear Rate Range: II‘I,DE-S to I‘I,DE+4 145 8
w
Temperature Bange: |'ISD to |230 IC j t%!
a [1.47343€45 |Pasec =] o 10000
b [38485E 41 5 =
] A 2100
c [6.1185E 1 7}
S 1000~
E, [+-a0426E+1 [kJ/gmol = ]
Ta [5.04254E 40 [c = =
S [&rrhenius] |'|,455E+1 Paz [WLF] |1.731E+1 Pa-s 1004
Temperature | Shezr Rate | Viscosity . e
© 05 | @eemg | Y | L = /4 230C
L 20| 9 3420E3| M N 1 o I 1 e 1| WA
2 210| 235E+1| 1920E+3| M 10 T T T T T T 1
= 0| saemei| 1a0ma| E 0.001 0.01 0.1 1 10 100 1000 10000
4 10| O7TE+l|  BOSE+1| M
5 210 248E+2] 435E52 M = Shear Rate (1!5)
- an AnIT.A A er w
| ;IJ B
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Coperion Example of simulation: ZSK380
46.000 kg/h, 86 rpm, PE-LD, 2440D

Tasnee: Grade 24200, Run @ 07:00 f 2003-07-12

Screw from EXCO32  KOMBIZ:COMRAD-ULRICH:TASSMEE-S02_KE-LH_TRANST

£ 3804350 4,8 bar
Flange 0,4 bar
UG 1000 - GKG 1.2 bar
UG 1000- LP G695 bar

Boundary Values
Parameter

DIRECTION of caleulation
FPRESSURE [bar]

Screw Speed [RPM]
TEMPFERATURE ['C]
AR [mm

— T_mat (C) — P (Bar) — Degree Of Fill (%) — T_b (C) —XMIN & Tassnee-data P [bar]

# Tasnee-data T_mat [bar] — SEI (kWhikg) O Tasnee-data SEI-VT [kWhikg] |

300

Fiebes [bar] 250

—— 0,040
- Jéo,oss

200

TE4 bar

150

=akety

842

), P (Bar), Degree of Fill

<=3 FO0bar 100

T_mat(C

Product Flow
Material Properties Fosition [mm]
PE-LDMEASFHZ44004KOME]

Operating Conditions
Parameter Position [mm]
Etarrel Temperature [ 1Z]
Earrel Temperature [ 5]
Etarrel Temperature [ 2]
BEarrel Temperature [ 1Z]
Etarrel Temperature [ 2]
Etarrel Temperature [ 1Z]
Earrel Temperature [ 5]
hwHim"2C)

Heat Transfer Model

Feed Rate [kgthr]
280

4000 5000
Extruder Axis (mm)

SEI (KWhikg)

Definition or ¥alue

0
2280

2420

4560
5700
E240
Tas0

1}
0 JkR

Input
data

Simulation
Results
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Simulation: Feed Intake Zone

Polymer Feed

»materials handling »service

Atmospheric Vent

Vacuum Degassing

MARIENNANEENN

Feeding Section

i \\\‘ I

» Solid transport Filler Feed
Feeding Melting Conveying Mixing | Venting Homogen.| Degassing |Metering
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Simulation: Feed Intake Zone
Conveying capacity

/fm

Q=F*H*n*e

Pltch |
Rate < > Fill factor
[\v Conveying coefficiency
\ Bulk density
Free cross section Screw speed
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Simulation: Feed Intake Zone
Artificial neural networks
» Simulation Model by ATLAN-tec

» Algorithm: Rummelhart — Error — Backpropagation

» Model to be trained by real data

» The more input data, the more accurate the result

no—
X2 [
|
x01 ———— ﬂ
Spherical pellets JL o It Y e
n JL
x3 ————— Sum Transfer function  Result
’ﬂ X1 i Weighted Input data
Input data Weighting

Powder, preblend, etc. ??7??
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Simulation: Feed Intake Zone
Conveying capacity

240

|nput Data: 220 |0 Real data

200 J| A Simulation1: Trained system

e Screw Speed 180 )} M Simulation 2: Non trained sytem
160 |
« Bulk density 140
120
e Density 100
« Compression ratio

« Specific surface

60
40

20

Rate [ kg/h ]

-20
-40

Result: -60
« Feed intake rate o0 W‘

I I I I I I

0 100 200 300 400 500 600 700 800 900 1000 1100 1200

Screw Speed [ 1/min]
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Simulation: Process Sections

ZSK 70 90/90 — KB45/5/90 PC Screw Speed
100 rpm / 400 kg/h / die pressure 1 bar

120 - - 1,2

100 ——/ 1,0
R 80 i 0,8
560 = ______:/ 0,6
2 N
> 40 1 04
©
o 20 . / 0,2
[
é 0 T [ [ T T T T T T -1 0|O
IL 0 90 180 270 360 450 540 630 720 810

B X [mm] _
- ' = e (=] =] = =] |

Fullgrad ZSKalc
Druck ZSKalc

Fullgrad Sigma Reg
Druck Sigma Reg

- == Flllgrad BayScrew
Druck BayScrew

Pressure [bar]

Experience: Conveying efficiency of kneading elements lower than of conveying elements -

degree of fill higher in partially filled section
o ZSKalc, BayScrew: ok - Sigma: not ok

Absolute degree fo fill depends on density applied
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Simulation: Co

s handling :service

mplete Process

» In general: good results for pressure using ZSKalc, BayScrew and Sigma
» Sigma: 2 of 4 tested models for pressure simulations failed

ZSK 70 LLDPE
40 rpm / 140 kg/h / die pressure 19 bar / 231 °C
35 -
__30 /4 .
R ' /A
—.20
e aras
g g A T T B -1 T A__ | T T
a® 0 300 600 900 1200 1500 1800
PR SRR Y
'|1 1}’ — M'VFHIF : TH:I | T — |
| ® Experiment ZS5Kalk Sigma Reg ——BayScrew |

Simulation results such as SEI
[kWh/kg] and melt temperature
[°C] have to correlate !

Results Sigma Trial
Degres of plastifiaction {%) 100 28
el temyperature (°C) 216 222
Powsat consumption{kWw) 240 132
SEI {kWhikg) 0.283

03
F} r
£,
g
E (R

¢ 8 %0 24 20 90
Temperature[°C ]
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Numerical Technique to Simulate Various Process Conditions

Delivers local process conditions
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Results

te Element Method

Transformation o

Fin

ical and numerical analysis
Local distribution of pressure and velocity

Good graph

f coordinates

coperion

ty / shear rate

ISCOSI

V

Throughput, pressure difference or

throughput
Unknown clearances / wear can falsify the

Input
result
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Numerical Technique to Simulate Various Process Conditions
Example — ZSK — Dynamic — relative pressures [Pa]

A ama e

0,14

012

—I5K 62
———L38K 58

0,10

0,08

/.'—"_
/.-—-—

s

0,06

A A

0,04

0,02

0,00

0,00

0,20

0,40 0,60 0,80
Qias

1,00

1,20

1 10e-01
& T5e-02
B47e-02
4 18202
1 89e-02

-3.9%e-03
2 6502
4 97e-02
=T 26e-02
9.54¢-02
| | -1 18e-01
-1 41e-01
-1.64e-01
1.87e-01
2 10e-01
-2.33s-N
2.56e-01
278
=3 01e-01
-3 24e-01
-3.47e-01

Axial Velocity

1 11e+03
G 08er02
I 45e+02
G 12ev02
S 02ev02
4 12e+02
3 35e+02
ZT8e+r0Z
2 28av02
187e+02
153e+02
1 26e+02
105e+02
G ageril
G 8601
& NMea+
4 GOe+01
385e+01
3 16e+01
259e+01
2 13e+01

|

Shear Rate

—~¢

Temperature

Source: Covestro (Bayer Technology)

Page 24

2/27/2017

SPE Polyolefins 2017 — Houston, TX

coperion

confidence through partnership



rcompounding & extrusion »materials handling :service

Numerical Technique to Simulate Various Process Conditions
Local screw section

1.26e+07

1.15a+07

1.0424+07

9.26e+08

815a+06

7.05e+086

5845408

4.842408

3.74e4+06

2.63e+08

1.53e4+-06

4.21e+05

-6.842+05
-1.79e+06
-2.89e+08
-4.00e+05 |
-5.10e+06
-8.21a+08
-7.31e+06
-8.42e+0G —y
-9.52a4+08

* Pressure maximum at intermeshing zone

* Average pressure: +38 bar ‘ Flow Direction
* Pressure peak: +126 bar

* Transition from right hand to left handed screw elements impacts lower enclosed volume
—> polymer melt is forced over small clearances
—> local pressure maximum

Source: Covestro (Bayer Technology)
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Numerical Technique to Simulate Various Process Conditions
Example — ZSK — Dynamic — relative pressures [Pa]

- Ring 5 mm
60/60

Ring 5 mm
KB 45/3/50
Ring 5 mm
20/10 Li

- Ring 5 mm
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Numerical Technique to Simulate Various Process Conditions
Example — ZSK — Dynamic — relative pressures [Pa]

8.00e+07
7.50e+07
7.00e+07

5.50e+07
5.00e+07
4.50e+07
4.00e+07
3.50e+07
3.00e+07
2.50e+07
2.00e+07
1.50e+07
1.00e+07
5.00e+06
0.00e+00
-5.00e+06
-1.00e+07
-1.50e+07
-2.00e+07

8.00e+07
7.50e+07
7.00e+07
6.50e+07
6.00e+07
~ 5.50e+07
5.00e+07
4.50e+07
4.00e+07
3.50e+07
3.00e+07
2.50e+07
2.00e+07
1.50e+07
1.00e+07
5.00e+06
0.00e+00
-5.00e+06
-1.00e+07
-1.50e+07
-2.00e+07

AN

Standard 2 lobe kneading discs

BZNE ‘ A

A

N

Improved 2 knng discs
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Dispersive and Distributive Mixing

e .
| -’ p L A
—_ I - \q" —_— ), -7.‘_
(5] G ; \
S — . Q .
_(%) H_— I 'QQ) ! - | N i
;f-"’-’ Particle breakage

by “centrifugal force’

Example:
Elongational
element

B =

Elongational
flow

by “overexpansion

- = =

Particle breakage

concentration

: : @
Dispersive z:g::
mixing 0%
= %e2¢°
Deagglomeration
)
FYJ
Distributive ° e 04
Mixing
Equal

§ § 8 1

Longitudinal mixing = in axial

Example:
Mixing element

direction

000000 000000

000000 . 000000

000 ® 06 o

000 ® 06 o
Cross mixing = vertical to
axis

000000 o 0000

000000 o 000

000 o 0000

000 o 000
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Gel Dispersion in Different Screw Geometries
Dispersion of droplets in shear flow

1.00
0.95
0.80
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.20
0.25
0.20
0.15
0.10
0.05
0.00

Shear flow (viscosity ratio 1/10)

GContours of Volume fraction (high-visc) &Tfme:2.0000e-03}

FLUE

T 6.2 (2d, dp, segregated, vof, lam, unsteady)

Shear flow (viscosity ratio 1/100)

1.00e+00
l 9.50e-01
9.00e-01

8.50e-01
8.00e-01
7.50e-01
7.00e-01
6.50e-01
6.00e-01

5.50e-01
5.00e-01
4.50e-01

4.00e-01
3.50e-01
3.00e-01
2.50e-01

2.00e-01
1.50e-01
1.00e-01
5.00e-02
0.00e+00

Nov 25, 2004 GContours of Volume fraction (high-visc) _(Time=1.4600e-01) Nov 25, 2004
FLUENT 8.2 (2d, dp, segregated, vof, lam, unsteady)
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Gel Dispersion in Different Screw Geometries
Velocity profile and particle flow in kneading blocks

- 50 _90°

usY - ‘% -
AR o
. b

”

Velocity profile | . % / .
IN Cross section .

-»

Particle flow
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Gel Dispersion in Different Screw Geometries
Particle dispersion in kneading blocks

e Color change indicates number of breakdowns
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Screw Elements for Dispersive Mixing

Type of Mixing Shearing
element effect
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Summary

» Using 1 D and 3 D modelling can be used to minimize the risk for process
design and the scale-up. The result can only be accurate if the required
parameters are provided. Finally a comparison with operation or trial data
IS strongly recommended.

» 3 D modelling delivers local details of a process section whereas 1 D
modelling can provide tendencies of process characteristics, e.g. the
Influence of screw speed on the specific energy input. The optimum screw
configuration in the pressure built-up zone can be designed more
effectively.

» 3 D modelling will support the design and understanding the function of
new screw elements.
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Thank you very much for your attention.




	Slide Number 1
	Simulation of Co-Rotating Fully Intermeshing Twin-Screw Compounding Extruders �Alternatives for process design
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Viscosity                                                                                 Strong dependency on temperature and shear rate
	Density and Heat Capacity                                                                                 Strong dependency on temperature
	Slide Number 9
	Slide Number 10
	Material Properties Required for Twin Screw Extruder Calculations
	Material Properties Required for Twin Screw Extruder Calculations
	Coperion Data Structure for Twin Screw Extruder Calculations
	Coperion Data Structure: Screw Configuration Database EXCO
	Coperion Data Structure: Material Database PROPFIT
	Coperion Example of simulation: ZSK380�46.000 kg/h, 86 rpm, PE-LD, 2440D
	Slide Number 17
	Simulation: Feed Intake Zone                                                      Conveying capacity��
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Numerical Technique to Simulate Various Process Conditions Delivers local process conditions
	Numerical Technique to Simulate Various Process Conditions�Example – ZSK – Dynamic – relative pressures [Pa]�
	Numerical Technique to Simulate Various Process Conditions  Local screw section
	Numerical Technique to Simulate Various Process Conditions Example – ZSK – Dynamic – relative pressures [Pa]�
	Numerical Technique to Simulate Various Process Conditions�Example – ZSK – Dynamic – relative pressures [Pa]�
	Dispersive and Distributive Mixing
	Gel Dispersion in Different Screw Geometries�Dispersion of droplets in shear flow
	Gel Dispersion in Different Screw Geometries�Velocity profile and particle flow in kneading blocks
	Gel Dispersion in Different Screw Geometries�Particle dispersion in kneading blocks
	Screw Elements for Dispersive Mixing�
	Summary
	Thank you very much for your attention.

