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B BOHLER

Latest Metals Material Development,
Applications and Processing Technologies for Vehicle Industries

A novel additive manufacturing metal powder offers
ultrahigh strength & corrosion resistance — M789 AMPO

FBL3DFTENE S EE B AN — BOHLER M789 AMPO

Speaker : Daniel Diepold
BD Manager, Additive Manufacturing Powder, BOHLER Edelstahl

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.
www.bohler.com.cn

AaBSHLER

CONTENTS RZ&

= Market Requirements (Background of the development)
= New Béhler M789 AMPO (Alloy design)

= Material Properties

= Summary

= Bohler China AM application center

Quantum Leap Metals Industries — Adopt No

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.

AapSHLER

INTRODUCTION {&4t

Maraging grades for AM

= Martensitic tool steels with a high carbon content are difficult to weld because the martensitic transformation
causes high stresses which might lead to cracks.
Because of this behaviour these materials are also difficult to print.

= Maraging Steels have a rather soft nickel martensite as basic structure, and achieve the hardness during
an aging process, where precipitates with a high hardness are formed.

= Therefore maraging grades like 1.2709 are popular for the AM process.

‘Quantum Leap Metals Indusries — Adopt Novel Materials and C

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.

MaBSHLER

INTRODUCTION 143

Existing maraging grades for AM:

= Excellent processability in L-PBF BOHLER W722 New grade:
= Good hardness and toughness values

= Corrosion and non-corrosions resistant grades with
different hardness levels

Development of new AM grade will

e h - - 40 HR

combine hlgh hardn_ess and high < AMBPO
corrosion resistance 17-4PH
FEAMBHEARBERER Non corrosion resistant Corrosion resistant

EFEREEL RSB

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.
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AapSHLER

ALLOY DESIGN &§&1K1T

Interational Online Conference on
“Quantum Leap Metals Industres — Adopt Novel Materials and Critcal Processing Technologies”
13 April 2021, Hong Kong

- 5

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD. -

MapSHLER

ALLOY DESIGN &&1&81t

Base of development: PH 13-8 Mo E3FPH13-8 MO#1#IA9H &

-----

Mass - % 0,02 <0,08 <008 125 8 20

Reachable hardness: ~50 HRc BJ{56#E ~ 50HRc
» Excellent corrosion resistance #4704
» Usage for aerospace applications, high strength
screws, landing gear components,...
L = RNzl Crystal structure
E.."Fﬁ?ﬂﬂ:%ﬂﬁﬁ ! &Dmﬁifgﬂgﬂ, —Emﬁ_'ﬁﬂguﬁﬁ; of B-NiAl Microstructure of PH 13-8 Mo bar
Mechanical strength is reached by precipitation of B- NiAIEHSLEH material* PH13-8 MolR# 48484
B-NiAl ELA SRR A B- NIAT A ERIE N e o .
*Source: . chnitzer et al.: licrostructural
Modlflcatlh ondof precipitation elements to haracerialon of P 13 o maragn stees
INcrease naraness
MR RIET 7 AR, SR
Igsﬁ% 15 Al 2021 Hong Kong
BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD. - -

MaBOHLER
ALLOY DESIGN €151t
Goals of development FF & EiR

Powder material for AM processes with focus on L-PBF

Processes FIFIEMEIEMERIIR, EMRNHFGEAMTS

¥

Hardness: >52 HRc
» Good printability and weldability FE24FHIFTENFIIEEE RS
High corrosion resistance /SifiJE {f4
Easy heat treatment with minimal distortion
TFRUMEE T ERN
Co free &5 T
Market segments: plastics industry, automotive, “Sorce: voestalpine Technology Instute (Asia) Co., Lt

aerospace BRI : BRINTITL, SET, fzsl
International Online Conference on

“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies
13 April 2021, Hong Kong

¥ ¥

¥ ¥

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD. -

MaBOHLER

ALLOY DESIGN &&i%it
Alloy modification & £iF%

-------

1.2709 <003 <0

17-4PH <0.07 <07 17.0 4.0 - 0.3 - - 3.3

AMDCI

EEER 799 (] PH13-8Mo <002 <0

M789 AMPO - Powder material for additive manufactured parts with
combination of high hardness and high corrosion resistance

M789 AMPO - ERATFIEMHIESHNEENER, AT SEESRIMEImIE.

. .
bar material only International Online Conference or
“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies'

13 April 2021, Hong Kong

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD. -
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MaBOHLER

ALLOY DESIGN &&1i%it

Precipitation characterization Atom probe investigations:
HrHHABERAE RFEREHEN
Elf::"::;m » Homogeneous distribution of
Esicen  elements ARFETTRD T
maumaivm 5, No precipitations &7 HiH
40 nm

» Hardness ~ 30 HRc f#[E ~ 30HRc
» Easy reworking (surface
treatment) of printed parts

FTEDEHZTHEINT (NRELE)

FIENEHEEIFIRKE,

International Online Conference or
“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies
13 April 2021, Hong Kong

-9

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.

AaBSHLER

ALLOY DESIGN &&i&it
Precipitation characterization Atom probe investiaations:

» Formation of intermetallic
R SREENCSIERIR
mrckel  »  precipitations (containing Ni, Ti, Al
Biwsn  and Si) iR (BIER. K. EEF0RE)
maeminumy  Increase of hardness: 52 HRc
40 nm TEE FFHEI5S2HRC
== » Nosignificant distortion during heat
treatment
PRNEIRERIRBEBEL

» Minimal impact on corrosion

[ Agedcondiionoocc.any | et

iRy eluEd =N

International Online Conference on
“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies™
13 April 2021, Hong Kong

- 10

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.

AapSHLER

ALLOY DESIGN &&iKit

Precipitation characterization

HTHABERIE

3 Types of intermetallic precipitations in aged condition
showing different morphology

RANMEER M BRI EEEEARNTES
» ,Large rod-like ZF A" Nig(Ti,Al) (n-Phase)———

» “Large spherical AERIK": Niy,Si,Ti, {G=Phase)
» “Small spherical /\ERJA™: Precursor phase B2
(ca. 40% Ni, 15% Ti, 7% Si and 7% Al)

50 nm
—

gl

Interational Online Conference on
“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies™
13 April 2021, Hong Kong

- 11

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.

AapSHLER

PROPERTIES OF BOHLER M789 AMPO
BOHLER M789 AMPORYJI4&E

International Online Conference on
“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies™
13 April 2021, Hong Kong

- 12

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.
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PROPERTIES
HEAT TREATMENT b Ig4it

Heat treatment #WMETZ

AapSHLER

Solution annealing Aging treatment § .

960°C for 5 h followed by 490°C for 3 h

820°C for 2 h, air cool

H

1038°C for 30 min, air cool 496°C for 4 h

Hardness [HRc]

8

» Hardness > 52 HRc successfully reached

REZ5%18>52 HRAIREE

» Comparison of properties in solution annealed 20 0 ars

500 525 550 575 600

and aged condition [E5 5 ATEEAEEA AR Aamatemperatre ()

International Online Conference on

“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies”

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.

PROPERTIES
MICROSTRUCTURE €454t

13 April 2021, Hong Kong
- 13

MapSHLER

As bulit (LOM) Heat treated (LOM) Heat treated (SEM)
TR (e2BMeE) PRNERE (KZEHE) PR (1)

International Online Conference on

“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies™

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.

PROPERTIES
MECHANICAL PROPERTIES #Ui4&E

Properties of printed parts FTENE (AT EEE

Tensile strength (Rm) 70 30
1830 + 50 MPa 60 _ 25
Yield strength (Rpoz) T 50 =
1785 £ 25 MPa £ g 20
Hardness ) 40 £
a 5 15
52 + 2 HRc 2 30 5
e rorem— 1 2
Elongation (%) =4 = 10
< 20 g
6+2% T &
10 o 5
Toughness (ISO V) £
10+4J 0 0
AnEe AMPO Animey
1.2709 17-4PH

13 April 2021, Hong Kong
- 14

MaBOHLER

International Online Conference on

“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.

PROPERTIES
CORROSION RESISTANCE i thitae

13 April 2021, Hong Kong
- 15

MaBOHLER

900

Pitting potential in synthetic sea NE 800

water + HCI, pH=4, 5 100

Comparative tests with bar material : :gg

FENEGK+EMNE, PHERMIBRPHSR 3 40

PRERALME, FSRAHIRAIRMAES E 300

» Similar corrosion resistance as N709 ?"; igﬁ

(PH 13-8 Mo ) £ o
EBFIN7091E A0 4 = AMPO

PH 13-8 Mo
» Significant higher corrosion resistance

than martensitic stainless steels
MR — AR A S A 5N

[BoHLER hivas I eCHLER IEEREREN &0 LER IUERTRNE
bl H700 1.2083 low

17-4PH tempered

International Online Conference or

“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies'

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.

13 April 2021, Hong Kong
-1

TR — RMETT R R I TR
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PROPERTIES AasoHLeRr
POLISHABILITY #ti3¢itge AMMEETING

AM printing

= EOS M290

= General condition (reused powder)

= M789, W722 & CX, M333 for comparison

Flat polishing
= Rotation Speed: 45 RPM; 12 inch

= Force: Standard Loading 200 g/cm?
(2 batches, SL-1 & SL-2)
Heavy Loading 400 g/cm? (HL)

Analysis

= [Instrument: Keyence VHX-6000
= Observed Area: 8.5 x 8.5mm?

Source: voestalpine Technology Institute (Asia) Co., Ltd. ool Onlie Conference or
“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies

13 April 2021, Hong Kong
BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD. - - 17

PROPERTIES MasoHiER
POLISHED SAMPLES #ii3%SC4 AMMEETING

*Source: voestalpine Technology Institute (Asia) Co., Ltd.
International Online Conference on
“Quantum Leap Metals Industries — Adopt Novel Materials and Critcal Processing Technologies™
13 April 2021, Hong Kong
1

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD. - -

AaBSHLER

POWDER PRODUCTION AND
PRINTING

ARSI EANFTED

Interational Online Conference on
“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies™
13 April 2021, Hong Kong

1

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD. - -

MasoHLER
\y, =
POWDER PRODUCTION fy>RA9#!5%
Melting in vacuum or
protective gas
atmosphere
EETHRPSFRIES
Atomization Classification Testing +
with inert gas (Sieving + Air Packaging
EIFESBREN classification) e
MARDH
(RB+SH3
. - Classification: o
Meltmgl + Atomization: ~» Combined Sieving and Internal Test|ng. B
* Melting of selected raw materials in  A;_c|gssification » Chemistry, PSD, flowability,
vacuum or inert gas atmosphere PN apparent density, morphology
EESHRPS SRR T »  Arinert-gas shielded RS, KRS, TEHE,
= Ar-inert-gas atomization classification process TR, AR
ERSFEREN Py e international Oniine Conference on
E 7T pr 3 290 9

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD. - -
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. MaBOHLER
POWDER PRODUCTION ¥ 7REy%I Ak,

Vacuum induction melting gas Powder properties 15 — 45 ym
atomization rig E=EEIEGS E0EE

Vacuum Induction Furnace +
Control Panel, Atomizing unit

Atomizing chamber + vacuum
pump station

Powder discharge, Off gas |
l I system Flowability* [s] Apparent density [g/cm3] Sphericity [%]

3,85 3.69 0,92
Average PSD values (D10|D50|D90) [%]
20 | a1 | 43

Ingot casting platform (optional,
only VIGA 35)

* Carneyflow ASTM B964

International Online Conference on
“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies”

13 April 2021, Hong Kong
BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD. - - 21

PRINTING BASIC PARAMETERS y AT
EFTENSEY

IRERE BT TR FHEIAEE

Laser

Layer Scan speed Scan line
Ay Ahamachine thickness [um] p([)w]er [mm/s] spacing [pm]

EOS

M290 30 260 1067 100
SLM Solutions

250HL 40 180 1000 90

TRUMPF

TruPrint 1000 2 = e £l

»  Porosity FL[5%< 0.04 %

»  M789 AMPO: Wide field of possible parameter combinations shows easy
printability |75 [1{551FHL E O D e

» For hybrid printing we also can offer the BOHLER M789VMR www.trumpf.com
TERETLARIEM789VMR W4, FBFM789 AMPO#5EE3 DI TENRIEEERA 1L,

» A high performance paramter set (60um) is in development (available by

June 2021) IEFEFFREEMERAVTENSE (60umiZZEE) o Crine o o

“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies™

13 April 2021, Hong Kong
BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD. - - 22

MaBOHLER

SUMMARY
ISLE

—

International Online Conference on
“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies

13 April 2021, Hong Kong
BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD. - - 23

MasSHLER
SUMMARY K45

» Based on the grade PH 13-8 Mo a new AM powder material with modified precipitation
behavior was developed with focus on L-PBF processes
M789 AMPOIXFHEREIAMEIAIEIIR, ETPH13-8MoZERMTIFIR, FER T ET RIS
i, NFEREEFHER I RERITZ.

» Due to the adapted precipitation behavior, high levels of hardness and corrosion resistance of
the new maraging steel were reached

IEFE7IM789 AMPOESILEAIHT HYIMEREHHAE, XA ECIABI RN ek S E R AT E A R 1.

» New developed material offers HiF=@EM789E%
» Mechanical properties similar to W722 (1.2709) 5W72 2iE8 24 9H ik TERE
»  Similar corrosion resistance as N709 (PH 13-8 Mo) 5N7091E i Sk iERE
»  Significant higher corrosion resistance than
martensitic stainless steels
» Easy printability FFJED
» Good Polishability HERIBFEIERE trvtonl Ol Canfrancs or

“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies'
13 April 2021, Hong Kong
2.

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD. - -

EETERE — FMs A RBERM TG 56



MaBOHLER

Bohler China AM application center

1R EEHIEN O

International Online Conference or
“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies
13 April 2021, Hong Kong

- 25

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD. -

Bohler China AM application center Aaponier
key manufacturing capabilities

Advanced metal 3D printer

BERBESEIDITENGS Bohler premium metal AM materials (BOHLER AMPO)

BIEAESB3DITEMA R

High quality printing process
BRBRETHNIZ

International Online Conference on
tum Leap Metals Industries — Adopt Novel Materials and Critcal Processing Technologies™
13 April 2021, Hong Kong

- 26

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.

Bohler China Capability of AM Service MaBoHLER
overall capabilities from engineering to manufacturing

‘ Post Surface
machining treatment

= Bohler China now providing one-step 3D printing solution of tooling for our customer.
IRITEISDITENTHALATS, ERPEARAINZ Rt — IR 3DITEN S =,
= High performance additive manufacturing metal powder (BOHLER AMPO) and professional capabilities of design and
simulation are our success factors.
BRI MREIEEIEN R (BOHLER AMPO)FIEANRITHEIMERA, 2RAFRIEMEIESHER,
Intemnational Oniine Conference on
“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies™
13 April 2021, Hong Kong
- 27

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.

MasoHieR

rhank GG !

\ \

ank you, 13913y :
Speaker: Your Contact for AM issues in Bohler China:
Mr. Daniel Diepold Mr. Zhang Wei, Eric
BOHLER AMPO BD Manager, BOHLER Edelstahl BOHLER Special Steels Shanghai Co., Ltd
daniel.Diepold@bohler-edelstahl.at (+86) 13816980748

eric.zhang@bohler.com.cn

International Online Conference on
“Quantum Leap Metals Industries — Adopt Novel Materials and Critical Processing Technologies™
13 April 2021, Hong Kong

BOHLER SPECIAL STEELS (SHANGHAI) CO., LTD.
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POWDER METALLURGY - AN INNOVATION SOURCE
FOR MOBILITY AND ENERGY

Dr.-Ing. Thomas Weissgaerber

Head of Branch Lab Dresden (prov.)

Fraunhofer IFAM,

Branch Lab Powder Metallurgy and

Composite Materials Dresden,

Winterbergstrasse 28, 01277 Dresden, Germany
Phone: +49 (0) 351 2537 305

E-Mail: Thomas.Weissgaerber@ifam-dd.fraunhofer.de

'S hofer . Julu-..
O Wermoty o454

CONFIDENTIAL DREE!

FRAUNHOFER-GESELLSCHAFT

= 75 Fraunhofer institutes and
independent research units in
Germany

= 29,000 employees
® 11 institutes or branches in

\ Dresden
- 4 of these at the Fraunhofer Institute

Center Dresden

- Dresden is the largest Fraunhofer
location with ~2.260 employees

AN CONFIDENTIAL nn:s:(u\' ] 22 Fraunhofer il

concapt i AM Braech Lab Diesden

FRAUNHOFER IFAM: BRANCH LAB DRESDEN

Permanent staff 75
Student employees 30
Budget 11.5 Mio. €
Industry 25 %
Projects 62 %
Public funding 13 %
Investments 3.2 Mio. € Director (prov.):
Area 2850 m2 Dr.-Ing. Thomas WeiBgéarber
(Budget 2020
- oo =10 % Fraunhofer il

FROM THE LAB TO THE MARKET

Powder Metallurgy

From Powder to Compone nce to Industry

* Metals « Powder Metallurgy Integration of = Materials analysis * Automotive
" functionalisation

* Functional materials Additive Manufacturing e

* Composite materials * Melt Spinning process, e.g. * Functional tests = Energy Technology

- Ceramics + Melt Extraction * Energy storage * Powder characterisation * Mechanical Engineering

= Moulding Processes = Thermoelectrics = Expertise * Medical Technology

* Mechanical testing + Electronics

= Implant materials = Aerospace

o p— ) 22 Fraunhofer -l

concapt i AWM Brand b Drsden
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FROM THE LAB TO THE MARKET

Additive Manufacturing

Additive Manufacturing

n/ } Preparation } Additive Manu- } @ } Manufacture of proto
facturing (e.g EBM; FFF; types/components
3d Screen Printing;
MoldJet?; Lithography)
Fraunhofer F CONFIDENTIAL p—a) §Fraunhofer s

concapt B Branch Lab Dieschin

PROFILE OF FRAUNHOFER IFAM DRESDEN

Fields of competence

Cellular Metallic Sintered and Composite Hydrogen Energy and Thermal
Materials Materials Technology Management

Thermal

Storage
Devices

Fiber- Hollow Lightweight Tribology
structures Spheres Materials

3D Metal Thefmos Thermal
Printing elektrics  WManagement

Additive High-

3 temperature
anufacturing and corrosion-

resistant
Materials

3D Wire

Hydrolysis
Structures

; CONFIDENTIAL p—a) = Fraunhofer . llu

corcant W

A Branch Lab Diesdan

Metal Matrix Composites

Metal Carbon Composites

Materials for Thermal
Management

Thermal Conductivity [W/mK]

Thermal Interface resistance [m2K/W]

Thermal conductivity of Cu-Composites with
isotropic second phase with different intrinsic
conductivities (40 %, d=50 m)

Thermal Conductivity [W/mK]

Thermal Expansion Coefficient [ppm/K]

T WelSgarer, T Scuber, . Kisback; I PueItauge i Wisenschafl und Prss,Band 19 2000, 97412

T Sehiber L Cunek . Znéh. A bk T Welsgher B Kisback Seres Ml 56, oot Fraunhofer ...
T. Schubert, B. Trindade, T. WeiRgarber, B. Kieback: Materials Science and Engineering, A 475, 2008, 3¢ rAM  Brarch Lab Diesden

Metal Matrix Composites
Aluminium Based Composites Th Schuert, T Weigiror, 8 Kiebc H. Bz, - Noubin, U gaur,
R raun: Aluminium PV 4

hallenge that industry can overcome,

Metal Powder Report, Volume 60, Issue 3, March 2005, Pages 32:34,37

T. Schubert, T. WeiBgrber: PM aluminium components offer lightweight
Tt and hgh valume produc

Powder Metallurgy Review, Vol. 4, No. 4, 2015, 37-43

Sinter Aluminium Disk
Steel Cylinder

E £

E b

Am‘ 3

° £

est. Sputer deph () 5 2

. e - g 4
g §

= 2

5

Un-reinforced

Small amount of reinforcements (2vol.-%) can increase the wear
resistance of AlCuMg alloys significantly without changing the
powder and mechanical porperties

Auomic concenaton (4
cEBesEEaEE

Sputer i (i)

[ CONFIDENTIAL A S Z Fraunhofer . -
R WA Branch Lab Drecor
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- "  Seybold, T. Schubert, O Gerlach, M. Liewal, T. WeiAgarber, A Lecler  potential
online, Val. 105, et 10, 2015, 669-573
Aluminium Based Composites i b oaminge LS

Broeckmann (Hrs in Wissenschaft und Praxis, und néue Wege, Band 34,

. " e Ve, 018 5578 35455 545557
Alternative Manufacturing Routes

AISi20Fe5Ni2 +

40Vol.-% SiC
. Ay L Sha
Short Time Sintering Semi-Finished Part (if nec
CONFIDENTIAL DREGDEN "\ ﬁFraunhnfer o bl
ansepl b"’ IRAM Eranch Lab Dresdan

CELLULAR METALLIC MATERIALS

Our Fields of Development

Open-cell

Fibre structures metal foams

Porous metal

Hollow ’
sphere

paper
structures
3D direct typed 3D wire structures
structures
Porous metal foils
CONFIDENTIAL wnesaen ) =2 Fraunhofer i lobo

cancapt B AM Braech Lab Diesden

CELLULAR METALLIC MATERIALS

Our Fields of Development

= Densities: 0.05-1.5 g/cm?
= Cell sizes: 5 pm-10 mm
= Porosities: 50-97 %

= All sinterable materials
= Fe-, Ni-, Cu, Ti-based

= Intermetallics

> High energy absorption
-> High sound absorption
> Good damping

> Good thermal insulation

CONFIDENTIAL onesars ¥ 22 Fraunhofer -l

concapt g 1AM Branch Lab Drescen

CELLULAR METALLIC MATERIALS

High Temperature and Corrosion Resistant Foams

B Industrial production of alloyed foams since 2010 by ALAan I’.I.ln'l
Alantum (Onsan, Korea)

B Fraunhofer IFAM > ally development for different fields
of application Industrial Production
in Onsan
®  Developments/Applications:
Exhaust technology l
Diesel particulate filter (DPF) -
Diesel oxidation catalyst (DOC)
Process technology
Catalyst carrier heterogene catalysis = current
focus of development
Energy technology
Biogas treatment (catalyst carrier) F"fr:“BZT;':‘:dﬂ’R; g;‘;:f's
Fuel cell (bipolar plate) poc
Battery electrodes
© ALANTUM

CONFIDENTIAL p—a) 22 Fraunhofer .
e

concapt \‘-‘
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OPEN POROUS METAL FOAMS

Application - Examples Cellular Metallic Materials

Heat Exchanger

Particle oxidation catalyst

Implant
Materials

© Fraunhofer IFAM Dresden CONFDENTIAL oREszEN O 5 Fraunhofer il
L IPAM Branch Lab Diescin
Metal hydride composites (MHC)( ML s e,
ydrogen Energy, 589-8596, 2009

Hydrogen Ener : 12829-12836, 2010
*Heubner et al. J. Allays Compounds, 705: 176-182, 2017

MHC
Radial cross-section
MH-graphite composite

ol
Secondary materials:
= Metal powders
(Al, Cy, ...)
= Graphite (ENG, ...)
= Polymers
Loose MH powder: MHC: 5 ... 35 vol-.% porosity ;
> 60 vol.-% porosity ; A < 1 W/(mK) isotropic A =5 ... 100 W/(mK), but anisotropic
© Fraunhofer IFAM Dresden CoNFIDENTIAL oREszEN O 22 Fraunhofer . ilo
gt IPAM  Branch Lab Digsdan

AMHC: Loading / unloading: 90% capacity within 250 s

10 —— Ha Pressure
5 —— Hz Volume

_

Volume [NI]
Pressure [bar]
=]

0 250 500 750 1000 1250 1500 1750 2
time [s]

7

)

60/ .

= /\‘ 50°C thermal fluid

L5

5

® 20

g' 0 —— T, center

& 20 ——— T, inner vall

10— o
250 500 750 1000 1250 1500 1750 2
timels]
I Rtz . Schi, . Kachenka . Poima, A Schi, T, Welgtir . Kk Wassersofspecherng i nanosalgen T
. Kol 156, Heimdall
Ven, 2006, 1N o7 S38e35 501
& Fonsc, - Howror . Wavomas T Wetghtn. 8 Gtuck .
Canninger frso i Veriag, 1SBN 976:3.
e
© Fraunhofer IFAM Dresden CONFIDENTIAL REsDEM 52 Fraunhofer il
L IRAM Branch Lab Dieschn

Electrocatalysts: A Key Component for Power-to-X Technology

Electrical power

Chemical energy carrier

© Fraunhofer FAM Dresden CoNFIDENTIAL DREGDEN Z Fraunhofer il
carcapt WM Braech

Lab Drssclas
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Electrode materials for electrochemical synthesis

B Electrocatalysts: activity, selectivity, stability
Chemical composition Low cell
Specific modification of the electrode surface (topography, defect density) voltage

B Catalyst substrate: Mechanical and chemical stability, electric conductivity, porosity

Zi Fraunhofer i Juli

CONFIDENTIAL
&M Branch Lan Dresdian

[11D. Pletcher et al, Int. ). Hydrogen Energy 37 (2012) pp. 7429-7435.

Electrode materials (210, Lo et o ) Eiecaamat Chern, 677680 (2 gp. 3140

® 3D structured substrates = Foams, expanded metal, metal fleeces etc.

e 22 Fraunhofer il

CONFIDENTIAL
cancapt B AM Braech Lab Diesden

Additive Manufacturing @ Fraunhofer IFAM

©Exone ©EKRA

u PBF-LB u PBF-EB ® Binder m 3D-Siebdruck
Jetting
© Utimaker
® FFF " Gelcasting = MoldJet
CONFIDENTIAL snzoy \"\ 22 Fraunhofer .

Materials manufactured with SEBM

- material: Ti-Al

Frannfer FAM Drscen

Build Direction

. Clemers, Nartanuniverstt Laoben

e 22 Fraunhofer -l

CONFIDENTIAL
concapt Wy g ItAM Branch Lab Dresden
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Materials manufactured with SEBM

- material: Copper

H Development so far

B machine: Q20+

®  Build space: 300 x 200 mm?2

design: AGENT3D

CONFIDENTIAL e =2 Fraunhofer .l
Materials manufactured with SEBM e S o o b

- material: FeCr-10V (EBM) on cold work steel
(e.g. 1.2767, 1.2343...))
B Homogeneously distributed VC (hardness up to > 64 HRC)

B No crack formation or delamination

neither at the edges

fusion: a review; Prog. in Additive Manufacturing, Vol. 4, Issue 4, 2019, 383-397

nor at the diffusion zone 10 mm
-
®  Application for cutting tools
10 mm
CONFIDENTIAL e = Fraunhofer i flue
CONCERt Ryl IFAM Branch Lab Diesdan

FFF (Fused Filament Fabrication)

Manufacturing: Layered deposing of metal-filled
filaments with subsequent sintering

Materials:
Resolution:

Advantages:

Steels, copper, wolfram, ...
100 pm (z), 400 pm (x,y)

Low-priced printing machine

Utilisation of any standard powders
No loose powder - bound in plastic
Simple green machining

Application:

Spare part supplying

Prototyping

Low-priced additive manufacturing

3-Dimensional Screen Printing

CONFIDENTIAL

ansonn Y 22 Fraunhofer o ibi

cancapt i A Branch Lab Diesdan

® Shaping of materials that are difficult to process
m Complex inner recesses possible

B Structure resolution 60 pm

B Final shape - no loss of material

B Good surface quality

= Combination of different materials

® Scalable to millions of parts annually

65 EHEISERIE — FRMFENVIRL R RIS TR
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HOW TO COOPERATE WITH US - POSSIBILITIES

Modes of

cooperation Our collaboration

Contract
research

Specific solutions for your challenges on your assignment
Clearly defined goals, work packages and milestones

Publicly

" " > 4 Supported by the Federal Government, the State or the EU
:>‘ s_"]’“':’:': "’:"‘""'ade P Opening up new topics jointly by research and industry
material and technology projects

innovations for your

requirements We drive forward development and innovation processes
YYou have regulated access to our growing know-how and
our technical possibilities
e Basic research on topics of future industrial relevance
exp oratory E.g. strategic projects of the DFG or Fraunhofer-Gesellschaft
research
JR— — e— O Zi Fraunhofer i Jodi- .
e TEAM Eranch Lo Dvessan
% Talk to us: whether by e-mail, at trade fairs and events or contact
options via topic-specific searches on the internet.
E> You have a .
tion, kout - s . o
?,:’i;‘,’u’lmw,,‘e workou We will be happy to advise you in a personal meeting in order to
clarify the goals of a cooperation and to set the timing and
[> Our experience financial framework.
and our know-how .
are of benefit for you.
Benefit fror_n_ Offer, drafting of contracts, if applicable non-disclosure agreements
our leading position
in the field of powder
metallurgical technologies L
and materials
;E Research and development work in continuous exchange with
the customer
© Fraunhoer IFAM Dresden CONFIDENTIAL oREszEN 5 Fraunhofer i -l
L IPAM Branch Lab Diescn
© Fraunhofer IFAM Dresden CONFIDENTIAL onezo O 22 Fraunhofer -l
cancap

A Brand Lab Driden
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Litjering, G. and J. Williams (2003). Titanium (Vol. 2). Berlin, Springer.
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Lu, K. (2014). "Making strong nanomaterials ductile with gradients.” Science 345(6203): 1455-1456.
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In-House Specific Functional Multi-Material Alloy Sheets Manufacturing Technology
and its Applications

----Microstructural characterization-driven design of advanced materials

pUlIIE-% ¢33
xcliu@csust.edu.cn
18512481029
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Unigue Mechanical Product quality svaluation
Testing Platform & Failure analysis

Advanced
Micrestructural Microstructure
Characterization characterization driven
Platform design of advanced materials

Dévolagment of the now

> We may fabricate multi-functional alloy sheets by using warm/cold roll bonding, which may
have its potential large-scale application in industry, deserving our efforts to explore.
» There is plenty of room for the exploration of mysterious microstructures and correlating

microstructural features with properties in all kinds of materials or devices

Institute of Metals, CSUST
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