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Over 60 Years of ZSK: Process related Modularity and
Flexibility Meets High Quality and Efficiency

Frank Lechner
Process Technology, Compounding & Extrusion
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EXTRUSION DAYS i

History of Kneading and Compounding INCOIE;S&%%&E%

1879 Paul Pfleiderer founded the company in Stuttgart and Hermann Werner started the production of
Universal Kneaders UK. oo T
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®» 2010 Constantincrease of volume and torque
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EXTRUSION DAYS i

Machine and Process Technology Since 1879 INCOh'IIEgg{S:IlI%I\IIIS(E ;!/
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Modular Design

Coupling  Gear box

Processing section

EXTRUSION DAYS i
EFFICIENCY 1/
IN COMPOUNDING

o .:

g

Discharge

Modular design for screw elements and barrels
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EXTRUSION DA
EFFICIEN

Modular Design: Early Twin Screw Lab Extruder IN COMPOUNDING

Motor Gear Box Modular Process Section
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Development of Torque, Volume and Screw Speed IN COMPOUNDING

ZSK Standard
D,/ D,=1,22
M4/ a®=5,0 Nm/cm® /n=150rpm

ZSK variable
D,/ D;=1,44
M4/ a®=5,0 Nm/cm? /n=300rpm

ZSK Supercompgounder
D, /D;=1,55
M4/ a®=8,7 Nm/em® /n=600Trpm

ZSK MEGAcompounder
D, /D;=1,55
M4/ a®= 11,3 Nm/cm3 / n =1200rpm

A\ >4

ZSK MEGAcompounder PLUS
D, /D;=1,55
M,/ a® = 13,5 Nm/cm3 / n = 1200rpm

ZSK Mc18
D, /D;=1,55
My /a®=18 Nm/cm3® /n=1200rpm

e

EXTRUSION DAYS

Increase of
free volume (100%)
and of specific torque

Increase of free volume
(additional 40%)

ﬁ

Increase of torque

ZSK MEGAvolume
D, /D= 1,80
Mg/ a8 = 8,7Nm/cm3/ n = 1800rpm

ZSK MEGAvolume PLUS
D, /D,=1,80
Mg/ a®=11,3 Nm/cm3/n =1200rpm

Increase of torque
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EXTRUSION DAYS
EFFICIENCY

Feed Rate and Quality Relating Parameters

Volume increase

w
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Volume factor (%)

1,22 1,44 1,55 1,80

D./D;

Reduction of shear rate
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IN COMPOUNDING -

Reduction of
specific energy

Torque increase

Specific torque
Mdja3
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o

en

1955 1985 1995 2004 2010
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—

Reduction of

Compounding

Capacity increase
at
constant screw speed

—

Speed reduction
at
constant capacity

Increased degree
of fill of
screw channels

product quality

VAY

Torque increase

Increase of
capacity
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EXTRUSION DAYS

Balanced Ratio of Free Volume and Torque TPOUNDING
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Kneading, Compounding and Efficiency Optimization

140 years of patents and innovation

1953
The first
Continuous Kneader

1877
The first
Batch kneader

1995

The first
MEGAcompounder

EXTRUSION DAYS
EFFICIENCY
IN COMPOUNDING

2008
Feed Enhancement
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Throughput Increase 7% per Year
Factor 35 since 1957 (centerline distance = 76 mm)

14000 { D/D;=1,22
Md/a3= 5,5
12000 1 n=300 rpm

ZSK 92 Mc*®

[EEY
o
o
o
o

ZSK 92 MEGAcompounder PLUS

o0}
o
o
o

Capacity ~ Screw Speed * Torque

4000 -

2000 4 zsks3
0 !""—"——. : : .
1950 1970 1990 2010 2030

Year
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EFFICIENCY

Throughput Increase 7% per year IN COMPOUNDING
Factor 35 since 1957 (centerline distance = 76 mm) N s
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<2 Md/a3= 5,5

o 12000 A -

" N=300pm Involute Screw Elements

3 10000 A ZSK ¢

o = Feeders

%) S 8000 - ZSK 92 MEGAcompounder PL.

c% *E ZSK 92 MEGAcompounder EntirePlant LayOUt

55 60004

n =

l

> 4000 - ZSK 92 Supercompounder

g

= 2000 4 Zzsks3

© /
O L | L | L | 1
1950 1970 1990 2010 2030

Year
Coperion Extrusion Days | Efficiency in Compounding | 15.-16.11.18 | Page 12 , co pe I"iO n
\&°P

confidence through partnership




EXTRUSION DAYS i
EFFICIENCY /]

Development of Torque and Screw Speed IN COMPOUNDING 7/

Screw sh

I

Low wear and pulsation
optimized screw design

Materials of construction (...adhesive wear)
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EXTRUSION DAYS "

Development of Torque and Screw Speed INCOI\EI!’:SIIEILI%\IIIS(E !/
Outward forces along plastification -, ',#;ﬁ.,-g';.
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EXTRUSION DAYS
EFFICIENCY

Development of Torque and Screw Speed IN COMPOUNDING %/
Fundamental development of machine series N .,',’#,,,..“_.,_._-f'
< 2000 > 2000 )

ZSK 58 — Schnelltiufer
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EXTRUSION DAYS i

Main Factors Limiting the Capacity CoRSRI 2/

-"‘-‘.':ma'--'-

Limit: [ ——

Motor power

Limit: ‘
Feed inta
o confidence
Limit:
Degassing

Limit: Ly

Mixing/Quality
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ZSK 82 Md/a® 18,0

. - . 3900 kg/h @ 600
Capacity Limits — Torque (High SEI) Sh00 Kalh @ 600 TP
Reinforcing of Polyamid with Glassfibres SEI = 0,170 kWh/kg

7OOQ — ZSK 70 Md/a®=13,6

— ZSK 82 Md/a® = 13,6
— ZSK 82 Md/a® = 18,0

6000/ ZSK 82 Md/a® 18,0
4+ 3500 kg/h @ 600 rpm
Md = 85%

% 5000 o) - gazo kWh/Kg R B

4

= 4000| y B

3 il

c L N

> 3000

3 1

|E 2000 ZSK 82 Md/a3 13,6 ZSK 70 Md/a3 13,6
| 2560 kg/h @ 600 rpm 2560 kg/h @ 1100 rpm

1000, Md =85% Md = 85%

1 SEI=0,180 kWh/kg SEI = 0,203 kWh/kg
0 200 400 600 800 1.000 1.200 1.400

Screw speed [rpm]
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Microscopy of Glass Fibres for PA6 + 30% GF

pm!

,100 rpm
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.- 7 ais

Capacity Limits — Torque and Volume mcompowo.m_.g:/fgff
Carbon Black Masterbatch 1 Polymer feeder 7 Diverter valve .°.‘;;=‘):{£fﬂﬁ.2'!?'

2 Additives feeder 8 Underwater pelletizer

J' 3 Carbon black feeder 9 Centrifuge
P 4 Side-feeder 10 Classifier
5 Main Drive 11 Melt pump
6 Degassing 12 Screen changer
nership

confidence through partnership
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o Lim EXTR“ssaé]Ecés i
Capacity Limits — Torque and Volume IN COMPOUNDING Z/
Carbon Black Masterbatch

Barrel

400
@
= 300
2 .
T !
§ 2009 - nﬂdenceﬂ“throu? partnenship
wn D./D;=1,22 =
(3-flighted) D,/D=1,80 (Mv, Mv PLUS)
100 1 I/ 'lenlmum - 0!9 'Yaverage
"_’_I;F/;
0 ' T T T T :Ymaximum = 30 ’iaverage
0 300 800 200 1200 1500 1800 Shear rate 1 = velocity v / height h
Screw speed :
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. .. EXTRUSIO-;;: DAYS _-."':‘.é.i
Capacity Limits — Torque and Volume INCOhEggll.?lll%l\lllgé 3 /
Carbon Black Masterbatch “'-"‘iifﬁ'%'“'
ZSK 76 Mv PLUS ZSK 76 Mv PLUS

LLDPE + 40% carbon black pearls HDPE + 40% carbon black pearls (P-type):
1.500 kg/h @ 900 rpm 1.800 kg/h @ 900 rpm

Evaluation according to ISO 18553*
1 a2 62 &
1.0 I1,0 S ,83

1SO-Grade
| | e

#» Improved dispersion with large operation window at low and high screw speeds
#» Developement of one universal screw design for different loadings, polymers and semi-conductive CB.
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Capacity Limits — Torque and Volume
PET + 60 TiO,

EXTRUSION DAYS
EFFICIENCY
IN COMPOUNDING

X

o
it

250 kg/h
0,54 -~ 85% Torque 0,53
0,125kWh/kg
0,53
/
—_ 0,92
2
2.0,51
Q
3 0,5
(3] ol
z througf
=049 250 kg/h
52% Torque
0,48 “ 0,48 0,172 kWhikg
047 . ‘ ‘ . .
0 100 200 300 400 500
Screw speed [rpm]

IV by
nn of speed at
meé*throughput

1 partnership

Improve iV by
increase of throughput
at same screw speed
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. o ] EXTRUSION DAYS ;.
Capacity Limits - Quality IN COMPOUNDING 7/

Influence on dispersion quality \:.""-‘-'Z-‘!fiiﬂ ;

Optimized screw configuration — Optimized screw configuration —

Not optimized screw configuration standard elements new involute elements
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Over 60 Years of ZSK: Process-related Modularity and

Flexibility Meets High Quality and Efficiency

=x Torque and volume as well as the screw speed
have been developed over the last 69 years.

v
=x Technicalfeatures such as side-feeding, feed Em
enhancement technology, twin screw side |
degassing, materials-af‘constructions-have &
ensured te use the availabletorque and volume. 100

#» Upstream and downstream equipment have been
optimized to ensure the high efficiency of the ZSK
(feeders, die head and pelletizing systems).

EXTRUSION DAYS
EFFICIENCY
IN COMPOUNDING -

s
o

oo

G

Rate (kg/h)

Non Optimized
optimized

Stopp Stopp
Alarme Alarme

80

RS

Torque readings
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Thank you véry much
for your attention!

-
coperion
confidence through partnership



This document and all contributions and illustrations contained
there in are protected by copyright. Any use there of beyond the
scope of the copyright without editor’s prior written consent is
illegal and will be prosecuted. This shall in particular apply to
translations, eproductions, micro filming and processing in
electronic systems. P
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