Co-Rotating Twin Screw
Extruders
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Classification ot TSE
Classifications are based on: Erdmenger , DP (862668)

* Intermeshing & Nonintermeshing
* Rotation Direction

* Conjugation




Intermeshing & Nonintermeshing

(a) Counter-rotating ~ (b) Co-rotating (c) Counter-rotating  (d) Co- rotati
(intermeshing) (intermeshing) (non-intermeshing) 2 (non-lnla:'r?ashlng)




Conjugated & non-Conjugated
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Conical Twin Screw Extruder

Screw diameter decreases from
hopper to metering section.

D=184 mm decreases to 92 mm in
discharge section.

It 1s wuseful and suitable for
temperature sensitive polymers like

PVE:
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Functional Process

Feeding section
Plasticating
Melt conveying

Distributive mixing

Dispersive mixing

Filler _ Homa
Devolatilization SENNE. T e Chpering. g

Pressure build up

ng Degassng Discharging




Feeding Zone

The feed capacity depends on free
screw volume ( channel depth, number
of flights) , pitch, screw speed and
bulk density.

Three channel for Do/Di< 1.3 and

for two channels Do/Di> 1.3

L= 4-6 D and pitch 1s 1.5 D and
reduce to 0.75-1 D in plasticating zone.







Melting Zone

Significant melting starts at point . :
where the screw is initially fully filled Single Screw Extiuder Twin Screw Extruder

Material ~ properties  (crystallinity, IN\I l )
viscosity).

(
. plefighe ) GECEEEE T
Typically double or triple-flight ) |

kneading blocks are used to facilitate

melting; Solids | Melt | Melt

_ conveying pumping Solids | Meit | Melt
Up to 80% of mechanical energy conveying pumping
input in twin screw extruder takes

place in plastificating zone.







Melt Conveying Zone

* Ror simiple @ ayclts convenino

pitch=1D are commonly used. If
. there 1s side feeder the pitch should | —L buck-
5 teeding rmigltinge COnveying pressure |
be 1.5 D for faster transportation. - ™ +
B} |'|'|'|.-||'.'-|.F||.'||'|E My
I:' HEI HE2 FLES HE4 HES HF

®* This zone 1s generally partially B 17 SRR T S =
filled I T ‘E
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Dispersive elements; Kneading blocks

Kneading dise

°* The kneading elements

mainly contribute to the mixing
. capability of the twin screws.

* Mixing occurs by shear and elongation

during extrusion and performs both

distributive and dispersive  mixing
actions, depending on its geometry.

* Distributive mixing evenly spreads the
dispersed phase without breaking down
particles.




Stagger Angle
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The |

Hiifect of Stagoer Angle

30° 45° 60° 90° -60° -45° -30°
. Least Neutral Most Severe
Severe
Forward Reverse
Conveying foRo Conveying




Reverse Kneading Block

As such, a _ reverse-conveying
element has flights or discs that
rotate counterclockwise.

These manufacturers designate
the reverse-conveying elements
using the same nomenclature as
for the forward-conveying
elements followed by “LH.” The
LH stands for Left-Handed, as
these are left-handed elements
and forward -conveying elements
are right-handed.
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Wide & Small Disk

distributive ~ dispersive  convEYING

/' 7
WIDE DISKS %//z/ Z/ / |

MEDIUM DISKS 'é

SMALL DISKS 7////,




[Comparison 2/3-lobe kneading blocks

Distributive

Dispersive







Distributive Mixing Element

17gel - elemerits” Y [HSME - slomonts" 1% FZME - eloments™] | £/"TME - oloments ™
©: redgenog-alement) 0| " {scraw-mxing-elsment)' <+ | | ©: (eth-mixing-alement) . f | (tlrbo-mhxing-slement): ©

cylindrical disc

8-fighted, left handed
2-fighted, right handad multi-fighted, left handed
product flow product flow
e - e
direction of conveying direction of conveying




Distributive Mixing Element




Initial mixture

Distributive mixing Dispersive mixing
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distribution
of particles

Reduction of
particle size

Final mixture




TABLE OF MIXING ZONE ELEMENTS

o epiatdam
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ELEMENTS UNIFORMITY | \Lrrne DISPERSIVE | CLEANING | WETTING
IN SHEAR ABILITY NATURE ACTION ACTION
Fractional Kneading of hghly
Kneadng High Highest High High Haghest filled materials with
Be Talc, Mica
Forward
General purpose
Krasad
Elerr-erl.sm Medium Low Low Mighesst Low gl -
Reverse
ks Medium Low Medium Medium Modium Kneading under
Elements Compression
| Intense localised
= shear or dispersion
Kneacing Low Low Highest Low Medium of .
Elerments Pigments
A better substitute
3KB Kneading " of RKB for general
Elements High Medium Medium High High Pur Mixing
Requirement
Screw Mi Use for Fiber
Elcm Dong High Lowi Low Lows Lowe dispersion with
reduced attrition
Used for distributive
Toothed Block Medium Medium H Low Modum Mixing In shallow
- fighted extruders
Tooth Used for high stirring
action while blending
i High h h Low High
E\l:'rﬂz‘l‘s - s e o two or throe different
polymers
CME: * ; . ) Generally with high
Erdmanger Type Highest Medium Medium Low High dearances bet "
elements, Effective
in introducing
uniform
COME: * i high intensity
Sakagami Type Highest Highest Low High Highest Shear action







Devolatilization; Degassing; Venting =

° TLoad of Volatiles Is below 1% M A=

. Weight One Vent Port. W ] -
* Load of Volatiles Is 1-10% Weight B :
Mortre than One Vent Port. e }nu i "”’*“’J”'Ilw‘ Vi ‘“
[ l |

* High Concentration of Solvents,
Condensation Polymerization,
etc.3-5 Ports.




Polymers

1C

o,
@
O
w
e
2
>
L

|
&
) ou

=% L 1
mwmm.

e ©
50 WISV 19d Smey p ‘vorssaunn] vondiosqy SaEm

\

Pepnaxy 9/9 uokN
1507 9 uojkN

¥33d

M lapey
(sprur-spiwelod) |vd

(aprunkiod) 1-dS 1edsan
(eprundjod) £-dS Jodsan

(oprusliod) 112-dS Jodsan BB

(eprundiod) 1Z-dS fedsap
P14 559 %OE wayn
Pa1d 559D %0Z Ieuoqiedk
aeuoqueakiog

(eprurkiod) Z2+dS Jadsap
(uieislinwes) 34




Stripping Agent

Stripping agent

Molecular weight
V [m'/h] at P,=1013 mbar
V [m*/h)] at Py= 100 mbar




Design ot Vent Port Throat

Vent poris

The type of the vent port sdapler depends on fhe polymer 1o be processed.

wpeh type B typa C

= up turning screw covensd = uptarning sorw covened = Up turning screw parily coversd
wodge part covered edge part corvaned
it lon nozzie

wary high viskos [rolling) polymsns mﬁw“whﬂ low wiskos poymens
{Patyolefines) {Palystyranae, Palyamid) (Degassing of sohverile)




Typical Screw Configuration
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Pressure Build up Zone 2

This zone is located in the extruder in
the discharge zone and the upstream
of each backward pumping screw
extrudet.

The aim of the design is generally to
genetate o off eghited ¥ pressire
consuming as little energy as possible.

Single flighted conveying element (
with low pitch 0.2- 0.6) can generate
the pressure with less energy input.

Viscosity Pressure .
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For introducing the material into the extruder.

For heating and melting the material and achieve partial or total mixing.

For removing volatiles and moisture,

For ensuriag proper mbdng

For completely removing the volatiles and moisture to the required levels.

For building up the required pressure at the die.

FTETT—
3R 9 BN B BN




ic cylinder rod

Hydraul

.
)
o0
c
Q]
Aem
O
c
D)
L
.
O
e
D)
iz
Q¥
—
@l
)
e
“or3

S

Soiled screen




Screen Pack

Wire mesh,
square weave

Sintered Random
powder metal fiber

Gel capture Poor
Contaminant

capacity Fair
Permeability ~ Very good

Good Very good

SUPPLY
Fair Good

-

HEATERS

.t.)‘.l A

DIRTY SCREEN




Gear Pump

TWIN-GGREW EXTRUDER

° Extrusion gear pumps increase the
outlet pressure in extruders and

. make it more uniform.
[ ]

The material coming out of the
extruder has an excellent pressure
stability.

° It is the only solution for all
applications that require high
pressure at the extruder outlet.




Pelletizing

. * Strand pelletizing

* Under water pelletizing




Torque Classification of TSE

. * Low torque

* High torque( Mega Compounder)

Specific torque Md/a3
[Nm/cm3]

More than 30% increase of specific
torque.

Up to 100% increase in the
throughput rate.

Increased energy efficiency by
reduced specific energy input

Greatly improved productivity




Center line distance




SAT Sertes(Safety, Accuracy, Torque) |

Diameter Max. Speed Motor Specific Torque Output SAT series extruder feature

(mm) (rpm) (kw) (Nm/cm3) (kg/hr) the excellent self-wiping
functions. Combining with

41 800 75 10.9 150-250 screw torque and free
volume, the Do/Di of SAT is

51.4 800 : 9.9 350-500 optimized at 1.55 that

694 S00 0 e 00000 pro.V|de suffluent torque
while remain enough free

71 600 230 10.3 700-1200 volume.

93 600 600 10 1200-2400

110 400 650 161 1800-32000




Process Example by Co-Rotating Twin Screw
Extttder

Incorporation of glass fiber

Incorporation of filler masterbatch

Production of masterbatch
Powder Coating ( Thermoses materials )

Reactive Extrusion




Glass Fiber Reinforced Polymers

Chopped strand up to 3mm.

Glass fbers
Long glass fiber (25-30mm). Polymar :‘:’“ ' '
Fibers are generally added after melting ”...Eg :
of polymer. :'_ = Vg U _ Vacm
The melt temperature is sufficiently high s —_
before adding the glass fiber. Ozl [©

Glass fiber incorporation is balanced by
two factor: distribution and size reduction.

The greater glass fiber content leads to
morte size reduction.
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poor wetting (left) and good wetting (right)




Classification glass fiber and
physical properties

Chemical ingredients %
Silicon dioxide 55
Calcium oxide 20
Baron oxide 12
Aluminum oxide 14
Sodium oxide 1
Potassium oxide 1
Magnesium oxide 4

¥

A 2

[ Classification ] [ Physical properties ]
v

[ A glass ]—)[ Higher durability, strength and electric resistivity ]
v v

[ C glass —)[ Higher Corrosion resistance ]
v . v

[ D glass ]—)[ Low dielectric constant ]
¥ v

[ E glass ]—)[ Higher strength and electrical resistivity J
v v

[ AR glass ]—)[ Alkali resistance 1
v v

[ R glass ]—)[ Higher strength and acid corrosion resistance
2 v

[ S glass ]—)[ Highest tensile strength
v v

[ S-2 glass ‘—)[ High strength, modulus and stability ]




Proportional Weighting

The basic classification Loss in Weight Feeder

-

Storage
Hopper

* Volumetric

Refill Valve

2 Welghtlng Loss-in Weight

Feeder :
Screw Feeder




STRUCTURE

FEED (optional)

STANDARD STRUCTURE

Hopper

1 Small vibrofeeder with conveyor trough

2 Weighing hopper (optional with vibrator)

3 Weighing platform with weighing cell

4 Elastic seal is possible, optional: dustproof design
5 Feeder (small vibrofeeder with storage reservoir)
6 Control cabinet with weighing terminal

Information: The unit is delivered completely assembled, wired and tested

bt g pbmi e

fotw e i




Conveyor

set limits.

e Fioure 6 A tvpical screw feeder assemblv incornorating a T —————



Side feeder for Fiber Feeding




Screw arrangement for Glass Fiber Wetting

At this point, the pitch of the screw
element can tighten up as needed
based on the available.

A series of forward, narrow disc
kneading elements can distribute and
incorporate the fibers throughout the
polymer. These kneading blocks
should immediately be followed by a
neutral (90-degree) kneading block.
The 90-degree kneading block creates
a minor backup of material to ensure
the fibers are fully integrated.
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Filler Masterbatch

Filler masterbatch is a compound of
calcium carbonate, primary Polyethylene
resin and other dispersing plastic additives.

This product is used as a filler — filler
masterbatch to reduce costs, increase
productivity and shape the end product.

The product is granular so it is easy to use
and mix with different ingredients easily.
Mixing ratio ranges from 5% to 50%
depending on the specific product.




Mixing Mechanism

Dispersive  mixing of  solid

agglomeration.

Most of the existing models focus
on the two competitive forces : -
forces of cohesion within the
cluster and

hydrodynamic  forces inducing
their break up.




Typical Structure

of Agglomerates

DI.A: Diffussion-limitted
RILA: Reaction limited
HCCA: Hierarchical cluster-cluster

LTA: Linear trajectory

Eden: Eden model

LTA

*er

HCCA

®

EDEN




Filler Incorporation Methods

Solid incorporation Melt incorporation
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MORE DISPERSIVE

A reverse kneading block or even a reverse conveying element .
(the most severe pumping element). The purpose for this is to

ensure the degree of fill in the mixing section is such that the
mixing is reasonably efficient.




Production of Masterbatch =

e
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There are three types

arrangement: Poymer -
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Premix Method

* All additives are premixed in a
mixer and feed in to extruder using
volumetric feeder

* A Sportion Sef ¢ the polpmcee s
generally mixed with the pigment in
powder form




Split feed Process

Additives are fed in to the polymer

melt using side feeder after plasticating
zone

This system is suitable for large batch
sizes

Minimum wear of screw and barrel

Long cleaning time

High investment




Color Matching

* Various masterbatch containing a
single pigment type (monobatch)

are fed.

* Extremely good dispersion.

e Lligh cost




Carbon black Masterbatch

Particle
Carbon Black Type Designation D Ei]sg:n]?iil i Snilzne

Super Abrasion Furnace SAF N110 20-25
Intermediate SAF ISAF N220 24-33
High Abrasion Furnace HAF N330 28-36
Easy Processing Channel EPC N300 30-35
Fast Extruding Furnace FEF IN350 39-55
High Modulus Furnace HMF N660 49-73
Semi-Beinforcing Furnace SEF N770 70-96
Fine Thermal FT N850 180-200
Medinm Thermal MT N30 250-350

Structure

Particle Size I )

Aggregate Agglomerate
c&.20 nm - 1000 nm 100nm - 1000 pm




P Type Carbon Black

* P type blacks are specially designed
carbon blacks with extremely high
physical and chemical cleanliness to
ensure excellent dispersibility and
organoleptic properties for pressure

pipes.
* Low sulfur and toluene, Low grit and

ash tParsicle ssize less thansd5 vnm e
Excellent UV performance.

PROPERTY DATA TEST METHOD
lodi ne number (mg/g) 79 ASTM D-1510
OAN (cc/100g) 104 ASTM D-2414
Moistureas packed (%) <1.0 ASTM D-1509
325 mesh residue(ppm) <20 ASTM D-1514
Ash (%) <.1 ASTM D-1506
Total sulfur (%) <0.1 ASTM D-1619
Particlesize {nm) <25 ASTM D-3849
Tolueneextract (%) <.03 ASTM D-4527

g




Carbon black Masterbatch

UV Protection: The carbon black masterbatch's
capacity to provide UV resistance is another
noteworthy quality. By absorbing and dispersing
UV light, carbon black particles stop the
polymer matrix from deteriorating from
exposure to sunshine.

Electrical Conductivity: Plastics may also
acquire electrical conductivity by adding carbon
black to them. This feature is helpful in
situations where the regulated dissipation of
electrical charges 1is essential, such as
electrostatic discharge (ESD) protection in
electronic components and packaging materials.

Log Resistivity (€2 cm)
20— Acetylene

Black
XE-2 N-550 MT-LS
N-472

15\\

10

A

N L 1 1 | D— 1

0
0 10 20 30 40 50 60 70 80
Carbon Black Concentration (%)




Typical Screw Arrangement for CB Masterbatch

Conﬁ_gl element 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18

1 Jlength(mm) 240 28 84 40 28 40 28 84 80 40 28 112 80 56 28
type  45/5/40 45°/5/28 28/28 45/5/40 60°/4/28 90°/5/40 45°/5/28 28/28 90°/5/40 45/5/40 45°/5/28 28/28 45°/5/40 60°/4/28 45°/5/28

2 [Jengthimm) 40 28 40 28 1% 224 28 56 80 28 28 56 80 56 28
type  45/5/40 60°/4/28 90°/5/40 45°/5/28 28/28 45/5/56 45°/5/28 28/28 90°/5/40 60°/4/28 45°/5/28  28/28 45°/5/40 60°/4/28 45°/5/28

3 [ength(mm) 40 28 40 28 196 80 28 28 56 80 56 28 56 224 28
type  45/5/40 60°/4/28 90°/5/40 45°/5/28 28/28 90°/5/40 60°/4/28 45°15/128 28/28 45°/5/40 60°/4/28 45°/5/28 28/28 45/5/56 45°/5/28

4 |length(mm) 224 28 112 40 28 40 28 84 80 28 28 112 80 56 28
type  45/5/56 45°/5/28L 28/28 45/5/40 60°/4/28 90°/5/40 45°/5/28L 28/28 90°/5/40 60°/4/28 45°/5/28L  28/28 45°/5/40 60°/4/28 45°/5/28L

5 [ength(mm) 240 28 84 40 28 40 28 84 80 40 28 112 80 56 28
type  45/5/40 45°/5/28 28/28 45/5/40 60°/4/28 90°/5/40 45°/5/28 28/28 90°/5/40 45/5/40 45°/5/28 28/28 45°/5/40 60°/4/28 45°/5/28

6 [ength(mm) 224 56 84 40 28 40 28 84 80 28 28 112 80 56 28
type  45/5/56 45°/5/56 28/28 45/5/40 60°/4/28 90°/5/40 45°/5/128L 28/28 90°/5/40 60°/4/28 45°/5/28L.  28/28 45°/5/40 60°/4/28 45°/5/28L




White Masterbatch

White masterbatch is a highly useful
ingredients in the plastic industry that is
used to impart a bright, white color to
plastic products.

The primary property of white
masterbatch is its ability to impart a bright,
white color to plastic products. It improves
the opacity of plastic products, making
them less transparent and opaquer.

In addition, white masterbatch can
enhance the thermal stability and outdoor
durability somewhat.

TYPICAL LINE LAYOUT DRAWING
APPLICATION: WHITE MASTERBATCH




White Masterbatch

TiO, exists in two forms: amorphous
and crystalline.

Crystalline TiO, exists in three forms:
anastase, rutile, and brookite.

Anatase and rutile have a tetragonal
structure.

Rutile can be mined directly, but
anatase is obtained through the
processing of ilmenite, a natural iron
titanate.

. () ()
(a) anatase, (b) rutile, and (c) brookite
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Curing

Simplified Powder Coating Process




Powder Coating

* The powder may be a thermoplastic or

a thermoset polymer. It 1s usually used
to create a thick, tough finish that is
more durable than conventional paint.

* Thermoset materials like Polyester.

Epoxy.

Processing temperature must be under
curing temperature.

f grinzing and ciassitying

pasking

(@)

=
* 1




TPV & TPO Production

* The various TPV materials are usually
manufactured by reactive extrusion.
In the classic case, they consist of the
two main components polypropylene
(PP) and ethylene-propylene-diene
rubber, which are mixed together.
The EPDM phase is dynamically

Polymer Materials

Thermoplastic
Elastomers

Polyether
Block Amide

TPA

Copolyester

TPC

Thermoplastic Polyolefine Crosslinked Styrenic Block
Polyurethanes Elastomers Thermoplastic Copolymers
Elastomers

TPU

Designation according to ISO 18064

vulcanized in this blending process. s it e
Rubber 14 % EPDM 30-50 %
PP19 % PP5-20%
0il 30 % Fller <10 %
Filler 35 % 0il 20-35 %
————— T —————————

g




Rubber Simple crosslinking
1)
S SN blending |[(& agents
+ > ‘ e DV
B Rubber
Plastic a——. sl Plastic
20~50%




TPV Production Line Layout




TRO Production Line Layont
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Reactive Extrusion |

° Reactive extrusion (REX) is a Formulations | File™s
manufacturing method that Bik Polymsugaucs [Ty | Aaqditives
combines the traditionally separated \ o -
chemical processes (polymer Grafting & <—¢__ g Reactive Blending
synthesis and/or modification) and  Functionalization o
extrusion (melting, blending, S B In situ Filler

Modification

structuring, devolatilization and
shaping) into a single process carried
out onto an extruder.

Devolatization




Polyoletin-g- MA |
-

| — 2R

e One tob i the most: commoen +CH;—CHz+ + R —= RH +—£GH—CHy)

examples of polymer modification
. i hp f'p e Sl & Sy vt

is the grafting maleic anhy ride u"‘"cxﬂﬁﬁ"u L s N
(MA) into polyolefins. y fﬂhuﬁmﬂ

® These materials have application in
: 1n situ compatbilization 1n blend; Wl — —toi—onrt
adhestve for multi layer systems; o
copling agent for glass fiber. o 7 N




Polyoletin-g- MA

Peroxide injection
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TPU polymerization line




Polyethylene Crosslinking (PEX)

* PE Crosslinked can be obtained
via these methods: |
. - Peroxide crosslinking (PE-Xa) \’?‘mqv .
(75%) \)\/\b\/ﬁv
Non Crosslinked LDPE

- Silane crosslinking (PE-Xb)

(65%)
- Electron beam crosslinking (PE-
Xc) (60%)

- Azo crosslinking (PE-Xd) (60%) Sresinied LOPE




Silane Crosslinking

Polyethylene |

| mitator ] | catayst |

===

h

Fabricate

L

[ Moisture curing l

Finished product




