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® B£3Y A BE Agage] Wts FEAG

FTAVNH O EE @ A5dS - Y=Er &3] FAFWNCC ; Naphtha Cracking
Centen)e] 7I19E2E 7|& sMAARAA HA7I7IEEE wA, 945 AAAHA
iAol el 2) @ FA-uE CO29 7|8ty Hg &4 23] - &8 - A%
71<(CCUS : Carbon capture and storage)S F3ll ©4FH ZX G4 Fxothd

238 11-7> Ay 247~ ZH=H ek

@ o|AtgEte Y FE
A
@ HEC o2, Product recycling (mechanical and chemical)
il | | © BtAE Yol BYOIAHEY, e ‘

Confmbution o
clafias’ franeit
oninzses NN
Product End-of-life:
Production process Use phase Waste traatmant
A% FEAHEEE

4) FEA A



3. AA stk dHF

etk ¥ 3] (Cefic, European Chemical Industry CounciDe] A}=
= 020d%= AlA 3tetitd AT EE 3% 47109 F2(4=x 1,553 E2])9
£ 7153t ot ol& 20199% AMA 8AF AR 3F 628049 =
thH] 4.3% 743 2ol o= COVID-192 sk A AAZAA AA 9L 4k
g5 Fho] IE ZoE B

a8y AA sEakd AlEe 2015 HE 2020871 W R S0 QA

Jo
o
Do i‘l

AH T 0.46%2 AFES BAoH 20258 %74 3% 5520 22 F71E A
o8 HYEI AT

[ [1-4] AlA &3HAF A2
(+9] : EUR, billion)

2015 2016 2017 2018 2019 2020 CAGR

AATE BEEL 3,279 3,407 3,541 3,628 3,471
0.46%
a3 - -3.3% 3.9% 4.0% 2.5% -4.3%

A& : Cefic Facts & Figures Report 2022

IZ7PEE HY F=o] RE uEd 1% 54709 F=2 FE=E A MA
StA Ao A 44.6%= 71 =2 HlFE AASta Q3 EUE geEof mEd
TFE7F 49909 F22 AAANE T2 14.4%S 2AA s oy EU v FY
o FH7I4EY WEY 12909 FE7HA 2&sHE 6,280 FEE A AAA
Ao 18.1%) 23t Ut

A

FAol- Aot APog A% FF Ad BAE 22U HAo] o
2 Fol TART 4ol BE HIBY YUY Ga, £E2Y Favt A%
o Qe

5) EUR : USD = 1 : 1.19716 (2020¢ 11€ 304 71&)
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I 11-8 =24 A m71dE &y A
World chemical sales (2020, €3,471 billion)

102 '1144

South Korea

Latin America

" Rest of the world

Source: Cefic Chemdata International
* Rest of Europe covers UK, Switzerland, Norway, Turkey, Russia and Ukraine
** Asia excluding China, India, Japan and South Korea

A= @ Cefic Facts & Figures Report 2022
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I Seta8 M 18HE K 2 B4 3

3. ETLAH 4 1 8HH
VEEFFAAE LA EFEKSIO 2 F=a8&4HEFEKECOE 7]
o2 AAE/ASE AT EH s 2AEk EEsta o o] T EEh
B Zopol BdE AdEFREE 1T 2 FH2EAF A=A o2 FAA
527 o] Zhesta, AFHERE ‘FetEstriex 2 AdYT, AR - &
gt2E B SSA RN 24 8 2T R AR £ Jhs
Sttt SHAITE o= EThAY 9 AR XSl 9lo] FTAE ok dR=

© ¥4

ZelaEPope} BAY 1Y - Fehay 2 HAFE WA 234Y 2 =
e A AT BY Z7HECAGRO] 0.5%2 P Ueht Sehag Az
Aol A4 AAEE 2D APF o]l A B o AzAn

[ l-6] Zet2E ZoF AFd, A2 SAA dd 5ol
(91, %)

20184 20194 20204 20214 20229 CAGR®

Az 3,233,605 3,255,108 3,218,078 3,656,959 3,698,783 3.4%

2% 9
BAZGAT 250,966 249371 241977 263127 266,049 L5%
Allaz
2 L3S =
SN LB 1SN 55031 61,803 63847 62,631 64751 3.7%
H

ol 33 3L
Ao e 159,166 163,607 153,384 163884 162,151 0.5%

A 0 EEE, TR, AFEARIAEE AL (3R] 719

6) CAGR(Compound Annual Growth Rate, 9% A#E), CAGR = ((vF]2g/AHA
)" (1/717H-1)*100
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o] ZHATF YERGEA| T

20219 R E = eI 2 Y o) A7) IJHOE FRIJMAE FUH e E 4
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g AR e ® FAE IFAFE 2 ZYAEHAFE Az VdES FUES
I gEe] 22 A T AIEAEC] AHY AEAdo] AT s
o # ot

(3 [M-7] Fet=yg &oF Aaka Tl F Af8Ad Fol

(S - ™. %)

&2 (B) 6,371 5794 4,744 6,173 5698 —2.8%
n] LA (C) 1,481 1,154 668 1,848 2,973 19.%
A &-E (B/A) 81.1% 83.4% 87.7% 77.0% 657% —51%
H 5 E(C/A) 18.9% 16.6% 12.3% 23.0% 34.3% 16.1%
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<18 M-2> 1FAZE 9 Zg2gAZFAZRY A €37 Z2AT
(29l A7D
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Management of the Institute

g Director of the Asso

n of Sponsors

Departments

Extrusion and Rub
ber Technology Naf
1 Yesildag, M.Sc.

Process simulation
Nefi Yesildag, M.Sc.

Process technology
Dipl-Ing. Marc
o Hennigs:

Rubber technology
Florian Lemke; M.Sc-

Services

hief Engineer = Deputy Institute Director PlantEngineer
Ing. Torben Fischer Di

Martin Seeliger

Composites and
Polyurethane T
echnology Dipl-
Wirt -ing

Ame Botteher

Thermoplastic
composites D
ipl-Wirt -Ing.
Markus Hildebrandt

Thermoset composites
and polyurethanes Dip
I-Ing.

Marc Linus Fecher

Part Design and Mat
erials Technology Dr.
-ng.

Maximilian Schongart

Materials and Joining
‘technology

Suveni Kreimeier, M.Sc.

Partdesign
Dipl-Ing. Pascal Brandt

Injection Moulding
Dipl -Ing.
Matthias Theunissen

Process technology
Malte Robig, M.Sc.

Preci injection
moulding and mould

technology
Magnus Orth, M.Sc

Training and Further Education

Dipl-Ing. Leo Wolters

Technology Transfer

Development of Training
Courses

Damage Analysis
Part Testing Mik

roscopy/
Mechanical Testing
Physical Analysis

Analysis

Rheometry

Plasma Technology

Administration Finance/Controliing IT Services Mechanical Services Public Refations
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Additive manufacturing in plastics p
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Application of material fundamental
s in plastics processing

Fibrecomposites |

Fibrecomposites I
Joining and forming plastics

Functionalisationof plastic surfaces

Rubber technology

Designing with plastics

Plastics compounding technology an
d recycling

Plastics processing |

Plastics processing 1I

Plastics processing Il

Modelling and simulation in plastics
and textile technology

Materials science II

Materials science of plastics

Tools for plastics processing I

Tools for plastics processing I
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The 3-line model enables potential partners to:
COMET Module

Federal funding: max. 0.5m €/a

Public funding: 80 % > open up new research areas for COMET
Durstion: 4 years Centres through COMET Modules

(min. 1 scientific and 3 company partners)

COMET Centre (K2, last round) !
Federal funding: max. 4 m €/a :

COMET Centre (K1) % build up competences and human resources
Federal funding: max. 1.7m £/a in a physical COMET Centre

Public funding: 40 - 55 % ; b R
Doatin: B anrs (min. 1 scientific and 5 company partners)

COMET Project
Federal funding: max. 0.45m €/a » enter the COMET Programme within the

Public funding: 35 - 45 % consortium of a COMET Project

Strategic orientation, degree of novelty

RGN Seery (min. 1 scientific and 3 company partners)
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7] o] &
(Fundamental
knowledge)

Ag E A}
TA]
(Materials
Polymer Resin)

Hlo] & Eet g
2 A g-g H7HA
(BioPlastics
Recycling
Additives)

ALEAR ThE
(Polymer
Processing)

S8of
(Appications)

A AR, B8} HlolOISC Srgeini] Bele) Fof vl £ o)

st TAFEAM HTIM(EZIAE]! 20}

3} (Applied Rheology)
&

5% o]& &4 % F*%(Engineering Properties and
Structure)

Y9l B4 9 o8k (Failure Analysis & Prevention)

I EA A (Polymer Analysis)

AE4A 2 A2(Product Design and Development)
Zetxg 53404 A3 (Joining of Plastics & Composites)
5312 5.8 (Composites)

A7 sHd 2AA(Thermoset)

A7} AA(Thermoplastic Elastomers)

B9 A 24 (Vinyl Plastics)

vlo] @ Zef ¥} ZetxE A A 7] (Bioplastics and
Renewable Technologies)

&g Z2F2~E (Recycling)
A7 A 2 A9 E(Additives and Color)

v gtz Al YA (Non Halogen Flame Retardant Materials)

AZ7Fg 2 3D XHE (Additive Manufacturing & 3D
Printing)
=848 (Blow Molding)

-89 =49 (Extrusion: Compounding)

rQ

3 A|F A Extrusion: Fabrication
& (Injection Molding)

(Mold Technologies)

% (Rotational Molding)

& (Thermoforming)

A Z2}2~¥ (Automotive)

<2} 2~ ¥l (Building and Infrastructure)

X“] 2 398 Z2~¥ (Decorating and Coatings)
i%% Z2}2~¥ (Flexible Packaging)

o2& =¥ (Medical Polymers)

olg & Evt2~¥E (Medical Plastics)
ke As 32 Lxg Sehad

>~
i

ot (X 2L ot e e i,a

g 0P 3L ol ox N oZ: o,
o?L ol )y

NN ng fo ol

4 b

(Thermoplastic Materials and Foams)

LT 2oy



91

o Ale| thE

5| Algixym

SotA

2} 2~E Abge] Hopl @ 47]4(22h)

=
=

[ VI-2]

aA o

[A7| =

L

wir
%i

T} &o X E_v ~ —_ W
g I S . O
5 ™ To A o — Nr K N NS
Mg TR W omgs @abmk Usdy

&l,qﬂﬂ y,mEJuo ;,madu o oML = MBE..__,zlﬁ
Mﬂ,mwo Z.ﬂ Ly X ﬂﬂﬂﬂ‘mwo,._u EOOr._._ T K Mﬂ,_wﬂlydl
= op 7o A oo MM g < L T s
Xq 5o wr el R n - T KT ,__I_MM
L T T
MM %0 % M o % m:ﬁ o E,_% N X Wo = % do
= W m " 5 do o T N ooy = w 7o
=7 Wm T o o T U g -
o oy r do m  mr

7o — do

[ jang AT.E E‘.ﬂ X0 -

%eﬁn_m_‘Zﬁﬂoﬂoﬂﬂu&aﬂbQﬁdﬂ‘zl_;ﬂo&aﬂm‘_ﬂlakﬁ @omuﬁo
ST e s S o Ko P

.NM UTe HT ﬁa M _5_1 OW N To° ;&H =

e

x° " 7o do

- o o — 5 % W

iz} A o o T S =g s _

T o o o238 TH

—_ = = %EFEF y

X &) S ,XI

< 4 < =

=
=

A5

N W T T

N RO TR KR A -
<%

CON

Mo )
W) R o
=, A
K] x°
T o o i
B U Ny opke e
%%%% Tl
T3 P o A
N R o Ny
oo T " =N
RO T P
! o
J% o mp o oy XV
= RN T AE R
Mﬁﬂ%g T do BT w5 T
o = —
,.:6Jv \ ‘Wvﬁ < Eo
- v R v B B
TR g T T
Mo&m%o_ﬁo M @o%ev%ﬂa
0 — -
o SR ® B
Mﬂ %%ﬁ
o X B0 M.c -
o' o " i
X Hi




kA

92 2022 MeielEdE ZAMEN

3D ¥
LOM
(Laminated
Object
Manufacturing)

(Overmolding)

TFAIE7]
(multi
injection)

FBF¥ (cube
mold)

IMD/IML
(Injection Mold
Decoration/Labe

ling)
o34 3 (Multi
layer molding)
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111 Zaprae -1 s BF 2 A (82 9 dgrEN)
-3 A= I
el 7|2 7
- dast 7|2 A9 dEHFE, FHHE, 5
e
—d 2vWlEZ (Rheometry): 71Ze]g] d ey, 348
oHE, 2357 dvE, AFHE 547
1.1.2 - 2dy s By it gEAA 2
S&fHsty - Power law model, Cross model, Carreau model
wjz-s} - Non—newtonian correction, Bagley corretion
— g mdo] 2L oEA 2

Time—Temperature—Superposition
- WLF, Arrhenius 72
—(advance) B2 HAx9 &4 (G, G”, tan £)
—uhzske] 71z Jid
1.1 71%A]4]
—ASTM, ISO°l w& E2¥ Ay 42
—dAE AP
- Fy U
c 7 U e
-5 4] (Pourability)
- oF21 7} (Angle of Repose)
-+ A7) (Slide Angle)
— Al A=
1.1.3 &38+% - 214438 (Direct shaping)
=49 = - Y3 @47k (Indirect shaping)
—71A14 &4 (Mechanical Property: Short term)
- 71 A1A #3359 (Mechanical Spectroscopy)
- 1% Al'g (Tensile test)
. %* A8 (Flexural test)
ol Alg (Tear Test)
% Al¥ (Compression Test)
3] A]& (Bend Test)
A A& (Impact Test)
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- A% Al'g (Hardness)

—71A1% &4 (Mechanical Property: Long term)
- 32 Al¥ (Fatigue Test)

- AY A¥ (Creep Test)

- AF&AIZE o5 (Service Life Prediction)

- 3174 -$-#31}7 (Environmental Stress Cracking)

_%‘j/] =1
AA TS (Thermal Conductivity)
FAA LS AHH(DSC  : Differential  Scanning
Calorimetry)
1

- g7teF A (TGA : Thermogravimetric Aalysis)
8t& EA(TMA : Themomechanical Analysis)
A &4 (Physical Property: Optical property)
- WkA}3} 31" (Reflection and Diffraction)
4

- M4 (Polarization)
- Transmission (Transmission)
- 33T (Gloss)
- 2532t (Intrinsic Diffuse)
A} (Reflection)
%= (Haze)
% (Color)
- B ol vbEW T (Transparency and Translucency)
- Aol B3 (Infrared Spectroscopy)
- #lo]#A & (Laser Technology)
—%Z2]% &4 (Physical Property: Electrical and
Dielectric Property)
- 7] A=A (Electrical conductivity)
- 5 A4A EA (Dielectric propert)
—H) 9}y AAE (Non—destructive Polymer Testing)
- X=A B (X-ray)
- AA #n 7 (Stereo microscope)
- A3}E2A (Thermography)
- A4 (Microwaves)
- F-A1A B39 (Dielectric Spectroscopy)
- 223 A8 (Ultrasonic test)
—g &2
- 28 d% 3 E(MFR : Melt Flow Rate)
- Capillary rheometer
- NE 2] d v E (Capillary rheometer)
- 3]dd ¥ 27| E (Rotatioanl rheometer)

}_‘

M 0 T

=
€ Z% (Melt strength)

- 9t HH (Extrudate swell)

1.1.4 3 Fsk L out

1.1.5 182 &4

1.1.6 AF 2A 2 7

1.1.7 E2t=8g 3 53A1e] 4%
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1.1.8 AlA 2
T4 ZUEH

11.9 4918
2% 0 A5

-2 W3] (Pressure transducer)
-+ A$7] (Pressure transmitter)
—<g A9 (Thermocouples)

—LVDT

—RPM sensor

—2 = Al(Load cell)

— A A Al (Indicator)

—dolE #3 A|x=®He] 7|z $&
—25 A

—-Adg 2Eo 7%

-2 Fdei

A8 2o BH

— A58} AlA

—A1ZF AlA

A8 2o &

1.2.1 HS5Ax=
92 3D Z g

1.2.3 =& A4¥

—Definition
—FDM & &A% (Fused deposition method)
—SLA #Z&A| Z(Selective Layer Addition method)
—71A4 EA =34 (Mechanical testing of 3D printing
article)
“Aae A1) AE-EHY 54
- Single screw exttuders
- co—rotating twin screw extruders
- Continuous mixer
- Buss kneader
- Ring extruder
- Planetary extruder
- Batch mixer
- Roll mill
-AIed A7 #dHE 524 54
—Avted mRAze o
SREIEERENEE
- F20719F 284 (Feeding operation)
: J‘a""}lgro]ﬂ &4 (Pelletizing operation)
- &7] F A (Devolatilization operation)
—et=719) 71884 &3 (Geometry of Co—rotating twin
screw extruders)

—%7 2 EBAlo]& (Mixing and Dispersing: Principle)
—-E9 4E7] 48 HE(Screw elements for co—rotating

twin screw extrudets)
-2 ¥ (Fillers)
- 74 (Additives)

—9+%7] 7]%°]&(Basic understanding of Single screw
extruder)
—%=713 EX4 (Polymer Processing Properties)
ARB 7] Y% (Bulk material properties)
52 EA(Melt Flow properties)
- 9% EA (Thermal properties )
—=7] AE9 o8 (Understanding extruder hardware)
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% Ao} o] Z(Instrument and control)
@9 # 4 (Extrusion unit operation)
Y5 o]FF 4 (Solid conveying)

3} ¥ * (Plasticating)

FA] o]%F A (Melt conveying)

- &71F 4 (Devolatilization)

- EHolE 9 & 7|9 (Mixing and mixers)
- A2 YAl (Static mixers)

—AlEF Azl E tho]l9 &HH (Understanding die type)
- IAE AE AFS 93 Elgo] (T—die (film/sheet die))
- golZ/FH AxE 3 FAFFTrol (Center fed

die (tube/pipe die) )

- golx/FH AXE 93 FH-FFo] (Side fed die

(tube/pipe) )
- A ="E tho] (Wire coating die)
- YA wi=2 t}o](Spiral mandrel die)
- A% thol(Stack die)
—<ot= &4 a4 (Extrusion Troubleshooting)
=98 (Extrudate swell)
5 &4 (Flow instability
A (Surging)

% Jo rd e 1

—AF&4E (The injection molding machine)
AN AETY R
XM AETY FA8a
—7}43t = A}EFY (The Plasticating and
unit)
: 7}5:5} 2 AERFRE T)E
7} 23} (Plastiction)
- ¢ (Injection)
—;53 (The Mold)
S < I o
s AlPIE ¥ wjyEE A~
- Mg
2T Ao
- HjEA] 2~ E
1.24 A= A4y 299 74
. 7]‘—‘ w1l ;FLE
: 7]74]/4 ZHZ fFH (EFZ A2=H)

o
o
o,

2
2
o2 2 [H
N
>
[>
it}

|
Z Hof > > ox X dor

W&ﬁﬁwmﬂ

(injection)

i)
fl
e
e
e
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—IHAEE Sehny AR 54
—H7HAleE ANAA

R

CHe Y e

- WY FEhaY 9E
-k Zehad

- Eeoldd, Eezeddl
-5 =vhaH

1.2.7 A 43

1.28 & 7l&
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