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Stpucture

- nﬁ |Structure

- Weight: 20 kg
- Capacity : 2 persons
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|
China demand for carbon fiber
35000

15111 14793

2013 2014 2015 2016 2017 2018 2019 2020

It 1s expected that from 2016 to 2020, China's CF demand will increase at a
rate of 20%, and wind turbine will be the main growth point in the fu‘t_I_
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“@" Development and Research in China
2016 China demand for CF by application " .
Electrical L o O
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- ® Wind turbines

® Building ”
L s
® Mold forming ‘ a
\ ™

® Pressure vessel

B Aerospace .
» Automotive N

» Electrical
C/C Material
® Others -
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Resin — 5 Fabric & Prepreg —> Composite products
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- 1. Global Composites Market

(unt - M USD) (Ut - M USD)
2013 2015 2017 2019 2021 2023 lope 2013 2015 2017 2019 2021 2023  loms
Sales 4310 4820 5420 6120 6,950 7.950 64910 Sales 22910 25590 28.760 32480 36910 42200 344730
CAGR (2013-18): 59% ; (2018-23): 6.7% : (2013-23) : 63% CAGR (2013-18): 5.9% : (2018-23): 6.7% : (2013-23): 63%
-—cw - o
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Source  Visongan(2013). Compostes market report2014)
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= 1. Global Composites Market
| CFRP Market by Country

(it - M USD)

Sales 2013 2015 2017 2019 2021 2023  Total Sales  GAGR

UsA - W0  531%
China 8 80 9.65%
Japan 2 60 346%
Germany 0 00 462%
India e 40 9.08%
France 40  342%

UK g l I I 40 371%
e || o L - wn PN
Other Country aUS BChne Blapan SGermany ®inda Sfrance SUK % South Korea ' Other Country 60 6.25%
Sum 22910 25590 32480 32480 36910 42,200 366450  6.30%

Source  Visongan(2013) Compottes market reponi2014)
&~ EERERERAEE SRS B R R TR A

s 1. Global Composites Market
| CFRP Market by Applications

(unit : M USD)
Sales 2013 2015 2017 l 2019 | 2021 2023 Total Sales GAGR.

,' =0 |

| Aerospace & Defence «o . 5.08%

|

} 0

8

8

b 7.30%

= | !

Wind power 8.04%
20 4

§ |

Sport & Leisure 4.70%

Industrial 4 7.01%
w012 w0 o o w00 ||

M3 014 015 016 017 08 2009 1
Other 5.30%
® Aerospace & Defence B Automotive ® Wind Power  » Sports Equipment « Industrial  « Other | !

Sum 22910 25,590 28.76(1 32,48(* 36,910 42,200 344,730 100% 6.30%

Source . Visongain(2013), Compasites market report(2014)

Bl EERERAERAEE SR S I R TG

16



Kyusoon Park -2 EE H AT - B R EEERIbREHERE]S L
SOE 5-9 YT RIFEE RGP SR =

ifedBE B o SR AR R £ A - =P Ak
S BT WABISHEEA

[FlF 25T 2 b S il B RS TR R
KRNI ARSIk - 08 — U= =R -

“first —-move strategy” @

CNT, Graphite

Activated carbon “niche-marketer strategy” - Q ’
Carbon fiber “fast —follow strategy” ' '

# Main Gov. funded projects
Projects Perlods Budget (MS) ‘ Remarks
,‘{ Carbon v:uo; PJT | n~ u; 1991 ’ o R&D ’:.;“;“A |
' Mega Carbon PJT L 7= 1000 1 Development of Auto Parts j

& A= ~ SEEERAT R AT FEAR B s

2. Carbon Fiber Industry in Korea

# Project overview # Objectives

* Hoslted of MOTIE & KCTECH * Development of fundamental technology of carbon
matenals with low cost for commercialization

(% MOTIE - Ministry of Trade, Industry & Energy)
* Duration - “11-"16(5 yr projects)

* Total budget - 199M USD H
- @m=N

- Infrastructure build-up and R&D !
MUsD) | o

B T N q
R&D 169 9”5 0 " '
Test-Bed » 20 O
@MOT'E """"‘"’**Kla? .d

Feonbuk  CLEFAM e W
fig] — U ~ SREAERRA Y B — AR R HAE(2011-2016)
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2. Carbon Fiber Industry in Korea Carbon Valley_Facilites

= PAN fiber and CF Manufacturing Equipment - Agilent NMR 600MHz Liquid System

-Pmmmmsmwﬂ’ - Coefficient of thermal expansion ement system
'°""’"’°2‘c“°°';‘z"'°"°°“'°‘“°'" - Contact Angle Analyzer, Surface electro oplics
= Preform Equipment
id braidi X - tact le devices
3 4 Dynamic con ang measuring
- Spreading equipment & weaving equipment - Dynamic Mechanical Analyzer
* Intermediate Manufacturing ~ A Shlsking Tester
- Wet-laid equipment - High compression tester
- Thermoplastic UD prepreg - Mechanical tester for Carbon fiber
- AFP(auto fiber placement) machine - Micro CT
* CFRP Manufacturing Equipment
“HP-RTM 5 - Powder resttMy measurement system
- Pulirusion meching - Real time high resolution 3D holography
- Filament winding machine - Rheometer
- Non-cnimp fabric machine (NCF) - Surface analysis machine
- 3D dynamic water jet - Thermal Conductivity tester for fil, and sheet
- High temperature fumace - Universal testing machine
- Ultrasonic machining center
- 3D C-Scan
- Microwave oven

[ A7~ SEEERA RS — I HAR(2011-2016)

2. Carbon Fiber Industry in Korea

# Project overview @ Objectives
* Hosted of MOTIE & KCTECH * Expansion of CFRP applications in diverse industries by
( ® MOTIE - Ministry of Trade, Industry & Energy) cost reduchon and first class technologies,

especially automotive parts development

* Duration : 2017 ~ 2021 (5 yrs)

* Total budget | 100M USD

-sm

- R&D for Commerciakzation and Infrastructure
buid-up

—— L — —— . —

< 4 B & 285 B3 Re

‘..Q- Ve ‘ "

- 1D _
smmawo, o |42
PR T T TN Bt

& 7N~ SRR RS S AR E] K HAE(2017-2021)
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s 2. Carbon Fiber Industry in Korea Mega Carbon PJT

« Suspension module for vehicle application using rapid curing CFRP
Light Weight

+ Side body structure using multi-materials CFRP/foam
« Mass production of trunk lid based on hybrid wet Compression Molding CO, Reduction

+ Metal/CFRP hybrid riveting technology

+ CFRP components using thermoplastic PC resin system

+ Cross member using rCF(recycled Carbon Fiber) pellet

« Hybrid construction material using Carbon Fiber Reinforced Concrete
+ Carbon fiber (2T700, 48K) with fast spinning

+ Graphite fiber based on petroleum-based materials

+ CFRP intermediate manufacturing equipment

+ Certification and standardization of all carbon materials

lio @~

PRma—

& T~ EEERARIES —HA B E(2017-2021)
R BURT BB A S S B - SR EISCE S AE4 . announced BURF & 275X
TrEEERBRAT R UL A ALEES > 401 2015.06-2017.05(2 £E) ~ 2016.07-2019.06(3 £E) ~
2016.05-2019.04(3 ) F2 2014.10-2020.05(5 F) &1 » o3 A HA S B - AiE
“HAE=EArn o BEBUTE ST ERM EIREEE 2R WHBUNHEE
NS A T BCRIS I - ST B BRI 5 B0 FRAMIREE

Hh - BOREAEEESNERERIEE R K5 SN N\ R OV 4 RE R -

l’-?rojoa:bmbpmmdﬁghtdoorim«panusingthennophshcpnpng

= Period : 2015. 06 ~ 2017. 05(2yrs)
* Participants : KOLON, SUNGWOO HITECH, HUMAN COMPOSITE, KAIST, KCTECH

* Target = Detailed R&D
- Development of NCF and thermoplastic prepreg with two fiber - Hybrid (CF+GF) NCF development
- Thermoplastic NCF prepreg

- Light CFRTP auto parts

- Dissimilar bonding technology (Al+CFRP) - Light door inner prototype

- Test and evalution

Dissimilar bonding for door inner

Hybrid thermoplastic prepreg process

\

CF'GF 9 HybvidNCF @Wcm

/Jeonbuk @ «erecH
B — -/~ 2015.06-2017.05 5HEE AR #1 5z H A=
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* Project : Process platform development with flexible materials by 3D printing
* Period : 2016.07.01 ~ 2019.06.30 (3yrs)
= Participants : Daelim Chem, KETI, KCTECH

* Target = Detailed Research Contents
- Flexible carbon composites for 3D printing - High conductive/heat dissipassive materials for 3D printing
- Process platform for 3D printing - Carbon compounding for flexible substrate with 3D shape

- Continuous carbon composites for PCB platform

Extrusion MC for composite filament

L3 Q 2

N o .

a) Resin bath, b) Carbon Fiber, c) Nozzle, d) Winder

& — 71 ~ 2016.07-2019.06(3 4F)5TEHF # 2 HAE

* Project : SMC system development with long carbon fiber for high production of auto parts
* Period : 2016. 05 ~ 2019. 04 (3yrs)

* Participants : LG Hausys, Dongsung TCS, ILSUNG, KOTMI, KCTECH

. Ttrget_ * Detailed R&D
- Resin impregnated chopped carbon fiber - Carbon SMC sheet with high thermal property
- SMC system development of sheet type -. Compounding formulation

- Prototype for battery carrier

- Free halogen carbon SMC sheet prototype
- Mold design and manufacturing process

Battery carrier module

fiE = ~ 2016.05-2019.04(3 55t =R & R B I

* Project : Environmental friendly & high thermal resistant thermoset resin system for autos
* Period : 2014. 10 ~ 2020. 05 (5yrs)
* Participants : SHIN-A T&C, SUNGWOO HITECH, KANGNAM CHEM, Renault Samsung, KIMS, SNU, KCTECH

* Target = Detailed R&D
- Flame resistant thermoset resin system - High thermal thermoset resin system
- High thermal resistant (1800C) CFRP - Compounding formulation for HP-RTM

- Adhesion of dissimilar materials
- Mold design, Test and evaluation of prototype

Stress distribution
HP-RTM mold
at bonding area

fiE] = F— ~ 2014.10-2020.05(5 )5t E AR E 5 HAE
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Fis o B RTE — S H AR > AR EIR RO 45 Y2 AR (A BT R RE 740 25
FANR RIS RTE R =+ =FR o $HEEEE - SGL AR IIEE
SR BB TS B RTZ A EASHE BMWT - Audi J Leaf S #AUEZ{: CFRP
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Fa 0 (Lightweight and Application Center) &t LAC - f A4 b 28 B B i 5
Hh s B R B HIRESS > 5% T LY TAETE B E = o Sl = E EAL ©

Evolution of Carbon Fiber Composites in Automotive § SOLGROUP

' Vision 2030

Serial production | Serial production 3

Small senes

= “Selective”
usage of CFRP

«*Life Coll" = “Carbon Core

Production Volumes

«Pillars . xt;(m-maleml “Tharoooivells
:z:::sbonch = Center roof rail _f;‘:;
*Windshield %
=ofc. e reinforcoment
*“Class A" Carbon =otc.
* Roofs
» ”°"°°°“,mff i T w0
2025

1981-2003 2008

81 =+ ~ SGL 2~ St 12 S AR H s = A AP A

Current challenges for CFRP materials $GL GROUP
Multi-material Design Concepts

Multi-material Design Concepts

Analysis of the body in order to identify
components with high CFRP potential

[ == - SRR SR S E AP

B-pillar: CFRP Insert for
increased impact stability
Source: Audi AG
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" Lightweight and Application Center (LAC) SGL GROUP
ow - - 3 THE CARBON COMPANY
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