Iceland [P[D:'

Liechtenstein
Norway grants

EMERALD

The Education, Scholarships, Apprenticeships and Youth
Entrepreneurship

EUROPEAN NETWORK FOR 3D PRINTING OF BIOMIMETIC
MECHATRONIC SYSTEMS

E-toolkit — New materials used

for the developed biomimetic mechatronic

systems

European network for 3D printing of biomimetic
Project Title mechatronic systems

21-COP-0019

102 - EMERALD e-toolkit manual for digital learning in
Output . c . .

producing biomimetic manufacturing method

Database used for the smart (intelligent) materials
Module .

properties
Date of Delivery January 2023
Authors Diana BAILA, PUB
Version FINAL VARIANT, *27.01.2023*

This project has been funded with support from the Iceland Liechtenstein Norway Grants. This publication [communication] reflects the
views only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained

therein. . )
ar i UiA Uiy
H==
bll.»ﬁ:.-;;?-i-OOI N

TECHNICAL
UNIVERSITY

OOOOOO -NAPOCA

AAAAAAA

Page | 1



Iceland [P[D:'

Liechtenstein
Norway grants

Contents

Total Materia used for determination of the materials properties

1. QUICK SEAICH FOr @llOYS.....oiiiieieiie ittt st st s et st e st st e st beb e saaers 3.
2. Advanced research for @llOys....... et e e e st e ne s 8.
3. Algorithms used for identification the unknown metals........ccccoueviveiecievecceieire e, 15.
4. Advanced research for polymers, ceramics and composite materials.......cccceevveveeevciernene. 18.
5 CONCIUSIONS ..ttt ettt ettt st et s e b bbbt se b e bt et e b e bbb et et s et e sea et erens 23.
RETEIENCES ...ttt ettt et st st e st et e ettt e b e se et e st st ses et eb e enenesrae 23.

This project has been funded with support from the Iceland Liechtenstein Norway Grants. This publication [communication] reflects the
views only of the authors, and the Commission cannot be held responsible for any use which may be made of the information contained

therein. '_
s University
illi @" Ulengder
L
TECHNICAL
bizzcom

Page | 2



Iceland [P[D:'

Liechtenstein
Norway grants

Total Materia used for determination of the materials

properties.

1 Total Materia database — Quick search for alloys

Total Materia is the world’s most comprehensive materials database, having more than
20,000,000 property records for over 450,000 metallic and non-metallic materials presented
in 26 languages. This database is world class quality, service and support, being trusted in over
160 countries, the smallest companies to global industry leaders all receive our complete
specialist technical support. Total Materia is proprietary algorithms for the identification of
unknown materials, using composition data from analytical sources, find matching materials,
property data and equivalents in just seconds. This database is the largest single collection of
advanced property data on the planet, having more than 150,000 materials with stress strain,
fatigue data and much more for the design community, being a free page. This database
permits lightning fast access for finding and comparing equivalent materials, existing
international cross-references for 450,000 materials from 74 standards providing over

15,000,000 material connections.

Om Total Materia he world st comprehensive materials database Lang.llage Lcﬁln

Key Benefits What's Inside Resource Center About us Contact Order Now

Proprietary Algorithms for the
Identification of Unknown Materials

Using composition data from analytical sources, find matching
materials, property data and equivalents in just seconds!

Ultimate All In One Solutior®

Fig.1. Total Materia database
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Total Materia database help solve diverse engineering challenges from the simplest to the
complex, being used in: medicine industry, aerospace industry, energy industry, automotive
industry, machinery industry, engineering industry, diversified.

By example, for the alloy Ti6Al4 V, we want to know the chemical composition and the
mechanical properties, and we click on Advanced Search, as in the Figure 2.

Em Total Materia 5 Select Language -.Support X Log out

The World's Most Comprehensive METALS Database

e f—
/_\ PowerDemo Home « Advanced Search :_:‘. SmartComp W8 Suppliers —-|-'||I Extended Range Standard List Order Now
e

Advanced Search

—— Designation, Standard

Material Standard Number m Clear

Group of Materials Standard Description
— Al - v

Country/Standard
-/ Approval v

Full Text Search

Search for

—— Chemical Composition (%)

Element Min Max. Element Min Max Element Min Max

dc O Me Ocu

Fig.2. Advanced Search

In the figure 3, it is presented the choice of the standard in function of the country and group
of materials.

It was choosing the alloy Ti6Al4V, making part of Titanium materials and was choose European
Union standard, as in Figure 3. It must specify the material type, as example Bulk Materials, in
Figure 4.
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[0 Total Materia B SooctLangusge | WRSuppot | % Logeut

The World's Most Comprehensive METALS Database

’:\ PowerDemo Home « Advanced Search :.:’. SmartComp W8 Suppliers -ﬂ Extended Range Bq Standard List Order Now

Advanced Search

—— Designation, Standard

Material Standard Number m Clear

TiGAI4V

Group of Materials Standard Description
- Titanium v

Country/Standard
European Union / EU 4

Fig.3. European Union standard choice

M Registration information for Tote. % [ Total Materia » Subscribers Hom- X =

“ C @ portaltotalmateria.com/en/search/quick
M Gmail @B YouTube @ Maps B Translate [FR News
EXTENDED RANGE DATA PLUS e COMPLIANGE PRLIER SMARTCO XPORTER TRACKER TERIAL CONSOLE =

Quick Search Advanced Search Standard list Material Discovery

M; Joais SEARCH
Bulk Materials

Bulk Materials X v

Bulk Materials

e Welcome Irina Bail "
Sub:

490K 20K _224//
NUMBER OF DATA SOURCES —
[=] a * MATERIALS =
MESSAGE SAVED SEARCHES FAVORITES

Resource Hub

UPCOMING WEBINARS RECORDINGS GUIDED TOURS

Total Materia - Total Materia »

Resolving

Resolving
Material & H
Challenges -

MLS ’
FHJING THE

Material
Challendes

Prédict proj sing
= LOC.CeBORO0OO® . @x o B o 2

Fig.4. Material type

In figure 5, it is specifying the material group and in this case, nonferrous alloys and European

standard choice, as in figure 6.
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Material group e European Unionf/EU X W
Q, Fearch EU B
Finland
> Ferrous Alloys
SFS
b Nonferrous Alloys
4 Polymers France
4 Ceramics AFCEN
b Composites AFNOR NF
" .
Fibers AIR
4 Cements
BV
4 Honeycombs
I Foams Germany
4 Wood DIN
Fig.5. Material group Fig.6. European standard choice

[ Total Materia The world’s most comprehe aterials e Metric (@) ImperialUnits (Y IrinaBailla  English
Q @ (A G >
ToTALSEARCH S DATA PLUS ENVIRO COMPLIANCE sU 3 SMARTCOMP EXFORTER TRACKER
Quick Search Advanced Search Standard list Material Discovery

e Quick Search

You are currently viewing results which contain part of your search criteria as part of the material designation.

If you would like to view more possible matches for your search, please click here,

STANDARD COUNTRY / PRODUCER CATION
1 MIM-Ti6Al4V-600 AFNOR NF France Ferrous Alloys [ Sintered powdered metals
MIM-Ti6Al4V-600 ASRO Romania Ferrous Alloys / Sintered powdered metals
3 MIM-Ti6Al4V-600 B.S. United Kingdom Ferrous Alloys / Sintered powdered metals
4 MIM-Ti6Al4V-600 BDS Bulgaria Ferrous Alloys / S d powdered metals
5 MIM-Ti6Al4V-600 CSN Czech Republic Ferrous Alloys / wdered metals
6 MIM-Ti6Al4V-600 DIN Germany Ferrous Alloys [Sinterestpoyideredmetals
7 MIM-Ti6Al4V-600 EN European Union Ferrous Alloys / Sintered powdered metals o ©
MTM.Ti6AIAV- A0 10 Intarpationa Eaccous Allos / Sinterad cowdered matals

Fig.7. Different Ti6Al4V producers

When we give a quick search, as in figure 7, are presented different Ti6Al4V producers from
different countries and using different standards.
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MIM-Ti6Al4V-600

Country/Standard  France / AFNOR NF

+ B~ QA

Material group  Ferrous Alloys / Sintered powdered metals

IE3

O MECHANICAL PROPERTIES I PHYSICAL PROPERTIES 2>C  CROSS REFERENCING [~ TRACKER

2600 MPa Density 4.2 kgfdm® 20 0 0 Last update 2019-05

2800 MPa All official other Composition

Fig.8. Ti6Al4V standard Fr AFNOR NF-Mechanical properties

The results it is the mechanical properties of the alloy Ti6Al4V, conforming of FR AFNOR NF

standard, as in figure 8 and figure 9.

2 600 MPa

Z 800 MPa
23%
0-30°C

30

300

Fig.9. Mechanical properties Ti6Al4V at the temperature between 0-30°C

e Composition

SELECTED REFERENCE

EN15022068: 2014/ Sintered-metal

Fig.10. Chemical composition of Ti6Al4V
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In figure 9, the database gives us all information about the mechanical properties of the alloy
Ti6Al4V in function of the temperature used in the process where it is used this material.

In figure 10, the database shows us the chemical composition of the alloy Ti6Al4V.

2. Total Materia database — Advanced Research for alloys

In the case of Advanced Research, by example for the Ti6Al4V, producer Vday Additive

Manufacturing Technology Co., it is given the classification of different Ti alloys producers, as

in figure 11.

m S

Ti6AlAV PROPRIETARY Vday Additive Manufacturing Technology Co., Ltd.; 3T Additive Ma

2 Ti-6Al1-4V AFNOR NF
Ti-6Al1-4V AS Australia

a Ti-6Al-4V ASRO Romanla
Ti-6A1-4V &s Jrited Kingedam
Ti-6Al-4V
Ti-6Al-4V csn
Ti-6Al-4V DIN Germany

Ti-6Al-4V EN Eurepean Union

Ti-6Al-4V GB China

Fig.11. Ti6Al4V alloy used in Additive Manufacturing

Ti6Al4V (PROPRIETARY)

35-10%

]

Fig.12. Mechanical properties of Ti6Al4V used in Additive Manufacturing
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In the figure 12, are presented the mechanical properties of Ti6Al4V used in Additive
Manufacturing, for different temperature domains. The chemical composition of Ti6Al4V used
in Additive Manufacturing is given in the figure 13. In the figure 14, the physical properties of
Ti6Al4V used in Additive Manufacturing, for different temperature domains.

Ti6Al4V (PROPRIETARY)

REFERENCES
@ 37 Additive Manufacturing Ltd, Product Data Shests | Available at: www.3t-am.com, visited 2019

Arcam AB, Product Data Sheets [ Available

ream.com, visi

Digital Metal, Product Data Sheets [ Available at:

vdigitalmetal.tech,

Heraeus Additive Manufacturing GmbH, Product Data Sheets / Avail www heraeus.com, visited 2020

im.com.cn, visited 2022 -

SELECTED REFERENCE

3T Additive Manufacturing Ltd, Product Data Sheets [ Available at: www.3t-am.com, visited 2019

Fig.13. Chemical composition of Ti6Al4V used in Additive Manufacturing

TEMPERATURE PROPERTY / VALUE

100 —124 GPa

2 2.5 kg/dm?
7.6 — 7.9 10°%/°C

M 0-30°C
1600 — 1750 °C

Fig.14. Physical properties of Ti6Al4V used in Additive Manufacturing
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Q Heat Treatment

Reference Descriptions

Arcam AB, Product Data Sheets / Available at: www.arcam.com, visited 2015 Hot Isostatic Pressing (HIP) at 920°C for 120 minutes, 100 MPa.

3T Additive Manufacturing Ltd, Product Data Sheets [ Available at:
am.com, visited 2019

Stress relieved at 800°C for 2 hours in a vacuum furnace with specimens on build plate.

Meltio, Product Data Sheets [ Available at: https://meltio3d.com/, visited 2022 Stress Relief
-Heatupto730°Cin2h
-Hold at 730°C during 2 h
- Cool down to Ambient T*in 1 h 50 min

All references for the selected material

Menufacturing Ltd, Product Di

heets [ Availabl

3 Meltio, Product Data Sheets [ Available at: https://meltio3d com/, visited 2022

Fig.15. Heat treatment used for the alloy Ti6Al4V used in Additive Manufacturing

The database gives us details concerning the heat treatment used for the alloy Ti6Al4V used
in Additive Manufacturing, as in the figure 15.

As powdered; Spherical Shape and a few satellites; SEM image

Spherical Shape and a few satellites

WD= 8mm

Microstructure Microstructure

1/2 212

Fig.16. Metallography details for Ti6Al4V powders used in Additive Manufacturing
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Total Materia gives us details concerning the metallography of the alloy Ti6Al4V used in
Additive Manufacturing, as in the figure 16 and the tribology is given in figure 18. In figure 17
are presented the similar materials with the same composition existing on the market.

The material does not have direct properties.
Similar materials that have these properties are listed in the table below.
Click on the material to view properties.

Result(s) found: 156
=
1 S Ti 64081 (TiAl6V4AT) as Japan Compesition 100% -
2 TAGV AFNOR NF France Composition 100% -

Ti 6Al-4V Grade 5 PROPRIETARY Allegheny Technologies Incorporated; Ulbrich Stainless Steel: Composition 100% -
4 Ti-6Al-4V ONORM Austria Gomposition 100% -
5 Ti-6Al-4V NBN Belgium Composition 100% -
3 Ti-6Al-4V NBR Brazi Composition 100% -
7 Ti-6Al-4V BDS Bulgaria -
& Ti-6Al-4V csn Czech Republic o
s Ti-6Al-4V EN European Union Composition 100% 4+
10 Ti-6Al-4V SFS Finland Compesition 100% -

Fig.17. Similar Materials with the same composition existing on the market

e Tribology

CONDITIONS (3)

@' Tested Material - Heat treatment: As Built
Tested Material - General comment: Standard Grade

Tested Material - General comment: Performance Grade

SELECTED CONDITION

Tested Material Heat treatment: As Built

Tested Material

@
&

Surface Roughness

Reference for the selected material and condition

1 Airbus Apworks GmbH, Preduct Data Sheets [ Available at: www.apworks.de, visited 2018

All references for the selected material

1 Airbus Apworks GmbH, Pro ata Shests / Available at: www apworks.de, visited 2018

2 Materialiss, Product Da

Fig.18. Tribology properties of Ti6Al4V used in Additive Manufacturing
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For welding and brazing are given different variants similar alloy of Ti, as in figure 19. In the
figure 20, it is presented the stress strain diagram for Ti6Al4V used in Electron Beam Melting
(EBM). The fatigue data is given in the figure 21, by ARCAM company.

The material does not have direct properties.
Similar materials that have these properties are listed in the table below.
Click on the material to view properties.

Result(s) found: 50

=
1 YTAW 640 E €5 Korea Composition 100%
2 AB-1 SAE Unite Other sources
B 265 Grade 5 ASTM United States Other sources
4 B 265 Grade Ti-6Al-4V ASTM United States Other sources
5 ERTi-5 Aws United States Other sourees
3 STi6402 ONORM Austria Other sources
7 STi6402 NEN Belgium Other sourees
8 S Ti6402 BDS Bulgaria Other sources
] S Ti6402 csN Czech Republic Other sources
10 S Ti6402 EN European Union Other sourees

Fig.19. Different variants similar alloy of Ti, used in welding and in brazing

Ti6Al4V (PROPRIETARY)

ct Powder metallurgical products; As-built (PBF - Powder Bed Fusion / EBM - electron beam melting); Heated at 8.8°C/min up to a 2h hold at 920°C and 100 MPa, followed by cooling to
8.5°C/min; Encapsulated sintered powder consolidated during the HIPing; Printing Machine: Arcam A2

t Tensile; Test Method: ASTM A370 2017

jrection: XY; Diameter: 4 mm

© Stress strain data originating from tensile testing.

True strass-str Engineering st
o o
1200
20 0.0005 2.27
0.0007 154
1000
002 297
00031 ass
500
— 0.008 625
z 000 asa
= s00
$ 00078 566
00102 985
400
oottt 1017
00162 04 .
200
0 o0z o0a 006 008 o1 o1z o1a o1s

Strain (m/m)

Fig.20. Stress strain diagram for Ti6Al4V used in Electron Beam Melting (EBM)
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843 — 1282.4 MPa 2 2.5 keg/dm* 0 ErE —

A 35-18%

7.6 7.910°/°C

Fatigue Data

SELECTED CONDITION

Powder metallurgical products; As-built (PBF - Powder Bed Fusion / EBM - electron beam melting); Hot Isostatic Pressing (HIP) at 920°C for 120 minutes, 100 MPa
:20°C
ength > 1E7

Rotating beam; Test temp

t Number of cycles for fatig

Monotonic Properties: Yield Strength, Rp0.2: 950 MPa; Tensile Strength: 1020 MPa; Elongation, A: 14 %

Orientation Specimen Fatigue strength (MPa) Number of cycles

800

Fig.21. Fatigue data given for Ti6Al4V used in Electron Beam Melting (EBM)

e Equivalents Finder

~ PROPERTIES

St Add property

Chemical Composition Vield Strength, Rp0.2 (MPa)

Fig.22. Equivalents finder

The database permits us to find equivalents finder in function of the Brinell hardness [HB],
Rockwell hardness [HR], Yield strength Rp0,2 [MPa], elongation A [%], tensile strength [MPa],
reduction of area [%], Vickers hardness [HV], modulus of elasticity [GPa], density [kg/dm3],
melting temperature [°C], coefficient of thermal expansion (CTE) (10°%/°C) or chemical
composition, as in figure 22.

Total Materia give us the material description for the alloy Ti6Al4V used in Electron Beam
Melting (EBM), specifying the applications domain, in the case of powder, is given the particles
size distribution, additive laser manufacturing systems type that used this powder, the

biocompatibility, as in figure 23.
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tpilaten
Material Description s

Comeat
Source Meltio

e

30 printing (Additive manfacturing) - Direct Energy Deposition (DED)

Comment M450 -
it figh strength, low density, high fractare toughness, excellent corrosion resistance and superior biocompatibility
Appleation Tools and protoypes, aerospace, marine, chemical et
Sourze Optimal Material Technology 0., Ltd b
(et
Comment sl el ety s b i e o . il s g s e o, ol
Partidle size o -
Hall flow et I il
Sourze Shanghai Research Institute of Materials et &m
30 printing (Additive manfacturing) - Selective Laser Melting (SLM), Electron Beam Melting (EBY) e SalepI.
Particle sizs rangs: 15-45 ym.
Comment
Partide et
Liguidity Fio
e
Source ProtoLabs, Inc.
. 3D printing (Additive manfactring) - Direct Metal Tt
Commen .
Mechanical properties of Ti6AL4V are comparable t
Appleaticn Ttis used in @ vristy of medical applications which require high strength, pleia
Source Heraeus Additive Manufacturing GmbH
int (Additive manufacturing) - Laser Powder Bed Fusion (PBF-LB)
Comment High strength titanium alloy with low weight, good biocompatibility and high corrosion resistance.
Particle Size Distribution (um): 15-45 and 15-53
Application Medical, aerospace and automotive
Source 3T Additive Manufacturing Ltd (former 3T RPD Ltd.)
3D printing (Additive manufacturing) - Direct Matal Laser Sintering (DMLS)
Comment Machine: EOSINT M290, EOSINT M280, EQSINT M400, EOSINT M400-4
Titanium alloy powder. Corrosion resistance, lightweight, biocompatible, weldable.
Application Praototyping, engineering, biomedical implants, small series preduction
Source Vday Additive Manufacturing Technology Co., Ltd.
c 3D printing (Additive manufacturing) - Selective Laser Melting (SLM), Electron Beam Melting (EBM)
omment ) . . . . ) . -
e Titanium alloy powder. High strength to weight ratio, good mechanical properties, excellent corrosion resistance, good biocompatibility
Application Medical implants, automotive, aerospace, mold, energy and power, electronics

Fig.23. Material Description - for Ti6Al4V used in Electron Beam Melting (EBM)

In the figure 24, it is presented how can discovery the material type, choosing the domain for
Brinell Hardness [HB], for the temperature 0-30°C on X axis, meaning from 500 to 800, and the
compression modulus [GPa], for the temperature 0-30°C, from 100-124, and are given 2 group
types, ferrous alloys and nonferrous alloy. In figure 25, the database permits us to see the

material properties if it is known the standard ASTM, the standard number.
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Material Discovery

o-s0°C

43-308

e Standard list

# STANDARD

LASTVFRSTON 165 MUMBER sTaTUS " 0 ©

Fig.25. Standard list

3. Total Materia database — Search algorithms used for identification the unknown
metallic materials

For the chemical composition Co 54,31 %, Cr 23,08 %, Mo 11,12 %, W 7,85 %, Si 3,35 % and
Mn, Fe < 0,1, using the algorithms of the Total Materia database, it will identify the material
with this chemical composition, as in the figures 26 and 27.

Adwanced Search - Add criteria

=4 Ao TO sEarcH canceL

Fig.26. Algorithms used for identification the unknown materials
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Advanced Search - Add criteria

General Information

Chemical Composition (%) SEEE -
Mechanical Properties
: co: 50 - | 88 Not Allowed @ X
Physical Properties
. cr: 20 - 24 Not Allowed @
Special Search
Mo: 10 - iz Not Allowed @
we [ - 10 Not Allowed @
Si 2 - 4 Not Allowed @
Mn: o -1 Not Allowed @
Fe: o -1 Not Allowed @

E+ ADD TO SEARCH CANCEL

Fig.27. Chemical composition selection

When we want to change the chemical composition, it must click on clear.

e Advanced Search

 ADVANCEDSEARCH (Chemical Composition (3): Co: 45 — 60 AND Cr:20 —30)

WLl =, Add search criteria

crean

Result(s) found: 91
1 2.4778 AFNORNF France
2 2.4778 ASRO Romania
3 2.4778 BS. United Kingdom Nonferrous Alloys / Cobalt
4 2.4778 BDS Bulgaria Nenferrous Alloys / Cabx
5 2.4778 CSN Czech Republic
6 2.4778 DIN Germany
7 2.4778 EN European Union
8 2.4778 150 Inter ional
9 2.4778 MSZ Hungary

Fig.28. Co-Cr alloy results that have the respective chemical composition

In the figure 28 are presented the Co-Cr alloy results that have the respective chemical
composition.

This project has been funded with support from the Iceland Liechtenstein Norway Grants. This publication [communication] reflects the
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The first is the material 2.4778, standard AFNOR NF, France and if we give click, can know the
mechanical properties, the chemical composition, and its applications. In the figure 29 is
presented the determination of the material: CoCr28 and their properties. The material
description is presented in the figure 30.

2.4778

@ MECHANICAL PROPERTIES M PHYSICAL PROPERTIES 2C  CROSS REFERENCING F TRACKER
v 8.1 kg/dm* 41 0 0 Last update 2022-09
LW T of Other
¥ 500 /(kg=C)
SYNTHETIC VIEW () DETAILS VIE
TEMPERATURE PROPERTY / VALUE
I 300°¢ ELD STRENG 2 2235MPa
[
i 2490 MPa
26%

4 o-30°c

Fig.29. Determination of the material: CoCr28 and their properties

2.4778 = B+ 0

2235 MPe Doy B /it an o o Last update 2022-09
85 Q)

Material Description

NF EN 10295: 2002 / Heat resistant steel castings

Fig.30. Material description of CoCr28
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4. Total Materia database — polymers, ceramics and composite materials
Total Materia database is used too for the polymers (Fig.31), ceramics and composite

materials.
The database given 125 results of PLA types, as in the figure 32.

Quick Search Advanced Search Standard list Material Discovery
SEARCH
Polymers X v

Fig.31. Total Materia database for the polymers

L
Poiymers | lastcs, thermoalasts/ Bopalymes (A, CAB, PLA..) / FLA
1 PLA GENERIC
30 Meterials
Poiymers | Plastics, thermoslasts/ Bopalyme's (A, CAB, PLA..) FLA
PLA+4 FROFRIETARY resthe-30°
30 Material
Polyrers | Plastics, thermoalasts / Biopolymes (GA, CAB, PLA..) | FLA
PLA Crystal Clear FRORIETARY Fillsmentum
3D Materials
" Polyrers | Plastics, thermoalasts / Biopolyme's (CA, CAB, PLA...) | FLA
4 PLAExtrafill PRORIETARY Filamentum
3D Materials
: Polyers { lastics, thermoalasts/ Bopalymes (A, CAB, PLA..)  FLA
5 PLAFilament PRORIETARY Filament PM
3D Materials
Poiymers | Plastics, thermoalasts/ Bopalymes (A, CAB, PLA..) / FLA
6 PLAPlus ProSpeed PRORIETARY fosa 30 el
- Poiymers  Plastics, thermoslasts/ Bopalyme's (A, CAB, PLA..)  FLA
7 PLAPremium Filament PRORIETARY Ainvalf 30
30 Meterials
Polyrrers / Plastics, thermoalasts  Biopolymes (2A, CAB, PLA..) | FLA
5 PLAPrografen color FRORIETARY Adhanced Graphens Products

3D Materials

Fig.32. 125 results of PLA types existing on the database

In figure 33, are presented the mechanical properties of PLA crystal clear.

Database give us the manufacturing processes of PLA crystal clear, such as 3D Printing and
temperature used in the manufacturing processes, as in figure 34.
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PLA Crystal Clear

PROPRIETARY

Fillamentum

3D Materials

@ MECHANICAL PROPERTIES

50 MPa
<5%
<5 k)M

Folymers / Plastics, thermoplasts | Biopolymers (CA, CAB, PLA..) / PLA

I PHYSICAL PROPERTIES

¥ 3.56Pa

p. 55-60°C

¥ 1.24 kg/dn®

x

CROS!

<
uivaler

S REFERENCING

s-refersnced materisls available

nts Finder to search for similar materials

F  TRACKER

Last update 202108

synTHETIC viEW () DETAILS VIEW

TEMPERATURE PROPERTY [ VALUE
H 50MPa
TENSILESTRAIN  £5%
£5%

0-30°C

H o $5k)/m?

CHARPY NOTCHED IMPACT STRENGTH £ 5 kJ/m?

Fig.33. Mechanical properties of PLA crystal clear

Manufacturing Processes

PROPERTY VALUE UNIT

3D printing machine settings

Reference: Fillamentum, Product Data Sheets [ Available at: www.fillamentum.com, visited 2021
Heated Bed Temperature 50 —4&0 °c

Printing Temperature 210 — 230 eC

Reference for the selected material and condition

1 Fillamentum, Product Data Sheets [ Available at: www fillamentum.com, visited 2021

Fig.34. Manufacturing processes of PLA crystal clear
In the figure 35 is realized the material description for PLA materials, being specify that it is
used in Fused Deposition Modeling (FDM) process.
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PLA Crystal Clear

rd PROPRIETARY

Fillamentum

up  Polymers | Plastics, thermoplasts / Biopolymers (CA, CAB, PLA...)  PLA
30 Materials

{3} MECHANICAL PROPERTIES M PHYSICAL PROPERTIES 3C  CROSS REFERENCING [ TRACKER

3.5GPa No cross-referenced materials available Last update 2021-08
1.24 kgfdm? Use Equivalents Finder to search for similar materials

55— 60°C

Material Description

Source Fillamentum

Polylactic acid (PLA), unreinforced; good chemical resistance to oils and greases, BPA free, styrene free

Comment .

Appearance: transparent, available in blue, green, orange and purple colors
Form Filament
Processing 3D printing (Additive manufacturing) - Fused Deposition Modeling (FDM)

Fig.35. Material description for PLA filament

For ceramics, by example Hap, we obtain the results as in the figure 36.

HAD SEARCH

pE . Ceramics x v standard v Producer

Fig.36. Ceramic search

a Quick Search

1 3DMIXHAP PROPRIETARY
Shapal - M PROPRIETARY
Shapal Hi M soft PROPRIETARY
Shapal SH-15
Shapal SH-30

s Shapal SH-50

Fig.37. HAp variants existing on the database

In the figure 37, are given the Hap variants existing on the database, their producers, country
and standards. In the figure 38 are given the mechanical properties of Hap.
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3DMIX HAP

PROPRIETARY

r 3DCeram

p Ceramics / Technical ceramics [ Other [ Not specified (Z)
3D Materials

0 MECHANICAL PROPERTIES I PHYSICAL PROPERTIES 2C  CROSS5 REFERENCING

Mo cross-referenced materials available
Use Equivalents Finder to search for similar materials

us of Rupture 107 MPa

syNTHETIC VIEW () DETALLS VIEW

PROPERTY / VALUE

TEMPERATURE
I > 300°C 107 MPa
I C
0-30°C
Fig.38. Mechanical properties of HAp
Material Description
Source 3DCeram
Hydroxyapatite (HAF), calcium phosphate; excellent bioactivity, good ossevintegration
Comment
Ca/P ratio = 1.65 - 1.82
Application For tibial osteotomy wedges, intervertebral cages, cranial implants, bone substitutes, spine implants, orthopedic implants
Form Paste
Processing 3D printing (Additive manufacturing) - Stereolithography (SLA), Sintering

Machine: Ceramaker C900, Ceramaker C100

Fig.39. Material description of HAp

Hap is used in additive manufacturing in SLS and in SLA, using Ceramaker C900 or Ceramaker
C100, the platform gives us inclusive information about the manufacturing systems that used
this material. Hydroxyapatite is used as paste in the additive manufacturing process to obtain
tibial osteotomy wedges, intervertebral cages, cranial implants, bone substitutes, spine
implants or orthopaedic implants, as in the figure 39
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Concerning the composite materials, by example plywood, the database give us 3 results, such
in the figures 40 and 41.

plywood SEARCH

Type ~ Composites X v Standard v Produce
O\ Search
’ Ferrous Alloys
» Nonferrous Alloys
» Polymers
» Ceramics
> 8 Composites oK 80 20K 25M
> Fibers /—,’_//
» Cements R OF STAMDARD DATA SOURCES -
IALS ORGANIZA A
' B r Honeycombs taLs ORBANIZATIONS DATA POINTS
EARCHES FAVORIT ' Foams
» Wood
. .
Fig.40. Quick search of plywood
Result(s) found: 3
=3 MATERIAL STANDARD COUNTRY / PRODUCER
1 Class 1 [ China
Class IT GB China
Class I1I [ China w sed panels / Plywood

Fig.41. For composite plywood — 3 results

ClassI =

s/ Plywood

I PHYSICAL PROPERTIE P TRACKER

Last update 2018-05

city 2—5.5GPa

nent 5—14% r materials

n (Il DETAILS VIEW

TEMPERATURE PROPERTY f VALUE
I >300°C FLEXURAL STRENGTH 12 —32 MPa i view details
i 20.7MPa B view details

0-30°C

Fig.42. Mechanical properties of plywood class |
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In the figure 42 are presented the mechanical properties of plywood class I. In the figure 43 is
presented the material description of plywood class I, that can be used in outdoor
environment.

Material Description

(7]
=

ource GE/T 9846: 2015 [ Plywood for general use

Comment Plywood which can pass boiling test and can be used in outdoor environment

Fig.43. Material description of plywood class |

5. Conclusions

In the last years, the materials developed very much, appeared different news materials with
very interesting properties realized by different world companies, that can be used in Additive
Manufacturing and in other manufacturing domain to realize medical parts or for industrial
domain and grace to this database, all materials developed are introduced in this platform,
giving us the possibility to choose, the chemical composition, the mechanical properties, or
using the search algorithms, finding the unknown material, in function of the chemical or
mechanical properties.

The implications of the present research would be interesting for the manufacture by Additive
Manufacturing different medical parts, using different materials using the database Total
Materia, or others to know the mechanical and chemical properties that are very important
to establish the manufacturing parameters and manufacturing systems and tools.
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