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HOW TO USE THIS PRESENTATION
This presentation will be updated on aregular basis

® You will find an overview about the most important aspects of Ultrasint TPUO1 from slide 7 -12

® On all overview slides (like slide 14) the pictures are links within the presentation to jump to the topic
your audience is interested in

W Each topic includes overview slides and deep dives
W Please only share the content of this presentation as a PDF
® In case of any question, we are happy to support you:

® Valentin Holz, Key Account Manager PBF, valentin.holz@basf-3dps.com

W Tobias Haefele, Product Manager TPU, tobias.haefele @basf-3dps.com
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Who i1s BASF?

Key Facts about BASF Key Facts about Materials
=  Sales 2021: € 78.8 billion
=  Employees 2020: >110.000

~$15B Segment

World-scale plants

= R&D as major growth driver € 2.2 billion invested o >1.6B Ibs engineered plastic capacity
= R&D Employees Worldwide >11.000 employees worldwide o >5B |bs isocyanates capacity
e = Polyurethane Systems:
Industrial Surface o Includes PU, MPU, and TPU technologies
Solutions Technologies Nutrition .
guizaenEndaial gy, & Care o #1 positionin MPU and TPU

Performance Chemicals

Materials

Performance Materials,
Monomers

Globally:

o >%$2.5B into Consumer Goods

Agricultural
Solutions

Chemicals

Petrochemicals,
Intermediates

o >$1.4B into Transportation and Automotive

Others

Verbund

e BASF is our Backbone - the leading chemical company
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Who is BASF Forward AM?
Offering along the Full Value Chain

Value Proposition:

Established in September 2017 as BASF 3D Printing L
- 3D Printing
Raw materials Material
Solutions operating under the brand Forward AM

» Headquartered in Heidelberg, Germany

Engineering \__Printing

Services

=  Global team of over 200 people directly dedicated to Q

Additive Manufacturing

B Liquids Enable our Enable our
= Our Application Technology Centers (ATC) are B Powders customers to customers to
B Filaments industrialise AM industrialise AM

exclusively focused on supporting the realization of

customer applications

e Technology agnostic approach to better advice our customers

O -BASF
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What is TPU - Thermoplastic Polyurethane

Key Properties
/ p _ _ SOFT Mgg:#m MIEADIIQLIJDM m EXTRA HARD
* Rubber like properties

SHORE A 10 €1 30@ 50 () 60 @ 100

« High wear and abrasion resistance
« High resistance against oils, greases and oxygen

* \Very good low-temperature flexibility

* Very good damping capacity

RUBBER PENCIL LEATHER
BANDS ERASER BELT _
Our Brands '
Elastollan® (TPU) NiPPLE SoLE GoLF

Ultrasint® (TPU)

e Rubber like material with wide range of properties
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Ultrasint® TPUO1

Ultrasint TPUO1

\
[
MEDIUM
50 60

S
10 20 30 40

Healthcare —
O&P

* High shock absorption, energy return and
resistance to fatigue

Material Shore hardness 88A

 Usein wide range of industries

Consumer -
Helmets

Industrial - Seals

4

Automotive -
Seats

Consumer - Shoes

e Ultrasint® TPUOL used as single material in wide range of industries
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Ultrasint® TPUO1

Value Proposition: Material Tests and Certification

Cyclic loading

UV resistance
Hydrolysis resistance
Flame Resistance

e Good chemical resistance

Low/high temp. resistance
« Passed skin contact tests

©
(RELSRON—R IR Rl

Chemical resistance

« 80/20 (old/new) Recyclability ratio

Burst pressure
Air and water tightness
Emissions

Skin contact

e Large test database available

9 24.02.2023 | BASF Forward AM | Basic Training of Ultrasint® TPUO1 - Business and Technology

Availible Rossflex for plates at -10°C and 23°C and lattice at 23°C
Available for ISO 4892-2A Cycle 1 and ISO 4892-2B Cycle 3
Available for 40-60-70-80°C

UL blue card available (HB rating), as well as FMVSS 302
Available for -50 to 100°C: impact, DMA, Vicat, HDT

Available for selected IRM oils and Fuel A.; washability and
cleaning through soap, ethanol, isopropanol

Available for wall thicknesses 1 —1.5—-2 -3 mm
Water tightness available, air tightness currently being verified
VDA 270, 275, 276, 278

Statement available (ISO 10993-5, 10993-10);

O -BASF
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Ultrasint® TPUO1

Value Proposition: Engineering Services

High shock absorption, energy return and
resistance to fatigue

oose a Preset .
Load Custom STL (.stl)

« Use in wide range of industries -

« Good chemical resistance
- Passed skin contact tests Q
« 80/20 (old/new) Recyclability ratio

« Ultrasim® 3D Lattice Design for application
enablement

Beam Diameter

« Post-processing like coating and vapour
smoothing

Powered by §§ hyperganic Cell Size

e Easy application development with Ultrasim® 3D Lattice Design Services

O -BASF
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Ultrasint® TPUO1

Value Proposition: Coating Solutions

» High shock absorption, energy return and Jet Black Metallic Silver Purple Violet
resistance to fatigue

t' N\ (
o : : ( <] 7’1:3 1
« Use in wide range of industries - iy 3 nu
n
* Good chemical resistance Pure Red Metallic Blue Light Blue

- Passed skin contact tests Q

i P
® A

« 80/20 (old/new) Recyclability ratio 0

O -BASF

. ) ) ) ) Grass Green Transparent
« Ultrasim® 3D Lattice Design for application
enablement 0
* Post-processing like coating and vapour

smoothing

e Large post-processing solutions available for high-end quality

We create chemistry
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Overview for deep dive into business and technology

Environmental Impact
. LCA “

Material Tests and Certificats Ultrasim® 3D Lattice Design

Application and Usecases

f
2k

* Recycling
e @ » Carbon ' ‘
Compensation VIl

O 6 6

| .
g

Sales Assets Printing Process Depowdering

Al EmeTH || o
@ &
@ &
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Ultrasint® TPUOL certificates and tests

Lattice identification through Ultrasim®

Lattice ,
ﬁ design  Materialmodel _
DIN 1621-2 certification for protective gear

Post Dying, smoothing, coating successfully
processing tested

Available for selected IRM oils and Fuel A.;

Cyclic  Availible Rossflex for plates at -10°C and Chemical = :
loading  23°C and lattice at 23°C resistance Washability and cleaning through soap,
ethanol, isopropanol
uv Available for ISO 4892-2A Cycle 1 and Burst Available for wall thicknesses 1 — 1.5 —

resistance SO 4892-2B Cycle 3 pressure 2-3mm

Air and : : .
Hydrolysis : - o Water tightness available, air tightness
resistance SElEIE S U el deie tightness currently being verified
Skin Statement available (1ISO 10993-5, 10993-

Flame UL blue card available (HB rating), as

Resistance well as FMVSS 302 contact 10); tests for vapour smoothed parts ongoing

LOW T NIGN — Ayailable for -50 to 100°C: impact, DMA,
temperature Vicat. HDT
resistance ’

Emissions VDA 270, 275, 276, 278

V0P BQ

Investigations ongoing in recycling to

REACH, RoHS, PAHs, PFO, POP, ELV, SVHC,
filament and injection molding grade

k -
[I?(?glljjrlr?gr?tg WEEE, GADSL. Material listed in IMDS. Others
regulatory documents available upon request.

Sustainability

200B0Ee0

O -BASF

14 24.02.2023 | BASF Forward AM | Basic Training of Ultrasint® TPUO1 - Business and Technology

We create chemistry




Ultrasint TPUO1 (MJF): current Technical Data Sheet (1ISO)

Bulk Density / g/cm? DIN EN 1SO 60 0.5
Printed Part Density / g/m® DIN EN ISO 1183-1 1.1
Mean particle size d50 / pm IS0 13320 70-90
Glass transition Temperature / °C IS0 11357 (20 K/min) -48
Melting Temperature / °C ISO 11357 (20 K/min) 120-150
X-Direction Z-Direction
UL Flammability UL 94 HB (1.0-3.0 mm) HB (1.0-3.0 mm)
Vicat/A (10 N)/ °C DIN EN ISO 306 97 98
X-Direction Z-Direction
Remarks
Hardness Shore A DIN ISO 7619-1 88-90 88-90
Tensile Strength / MPa DIN 53504, 2 g 7 + All properties are measured after conditioning 3 days at 23°C and
Tensile Elongation at break / % DIN 53504, S2 280 150 50% RH
Tensile Modulus / MPa ISO 527-2, 1A 85 85 » All values represent the stable part performance obtained when
Flexural Modulus / MPa DIN EN ISO 178 75 75 using the recommended refresh rate of 20% fresh + 80% recycled
Tear resistance (propagation, Trouser) / kKN/m DINISO 34-1, A 21 18 powder
Tear resistance (initiation, Graves) / kN/m DIN ISO 34-1, B 38 32
Compression Set B (23°C, 72h)/ % DIN ISO 815-1 23 24
Rebound resilience / % DIN 53512 63 63
Abrasion resistance / mm? DIN ISO 4649 96 100
Charpy Impact Strength (notched, 23°C)/ kJ/m®  DIN EN 1SO 179-1 No break No break
Charpy Impact Strength (notched, -10°C) / kJ/m* DIN EN ISO 179-1 46 44 O -BASF =55 FORWARDLX
15 2002 3PS ERGPIESARITATK) BRI S Unad B AU musinesd G4 8ERElogy S

Fatigue behavior (Rossflex, 100k cycles, -10°C)  ASTM D1052 No cut growth



Ultrasint TPUO1 (MJF): current Technical Data Sheet (ASTM)

Bulk Density DIN EN 1SO 60 0.5 g/lem?®
Printed Part Density DIN EN ISO 1183-1 1.1 gfm®
Mean particle size da0 IS0 13320 70-90 pm
Glass transition Temperature ISO 11357 (20 Kimin) -48°C /- 54°F

Melting Temperature ISO 11357 (20 K/min) 120-150°C  248-302°F

X-Direction Z-Direction
UL Flammability UL 94 HB (1.0-3.0 mm) HB (1.0-3.0 mm)
Vicat/A (10 N) ASTM D1525 B84°C / 183°F 96°C / 205°F

X-Direction Z-Direction

Hardness Shore A ASTM D2240 Remarks
Usle = SLEl [ e I S T o '“pa’ “”595' « All properties are measured after conditioning 3 days at 23°C and
Tensile Elongation at break ASTM D412, type IV 200% 120% 50% RH
Tensile Modulus ASTM D412, type IV 75MPa/ 11 ksi 85 MPa / 12 ksi
Flexural Modulus ASTM D790 60 MPa / 8.7 ksi 80 MPa/ 12 ksi » All values represent the stable part performance obtained when
Tear resistance (propagation, Trouser) ASTM D624, type T 20 KN/ 24 KN/m using the recommended refresh rate of 20% fresh + 80% recycled
Tear resistance (initiation, Graves) ASTM D624, type C 46 KN/m 44 KN/m powder
Compression Set (method A, 23°C, 72h)  ASTM D395 4% 2% * These data were still collected with an older firmware/printmode
Compression Set (method C, 23°C, 72h)  ASTM D395 23% 24% version. Some improvements, especially in Tensile elongation at
Rebound resilience ASTM D2632 60% 60% break can be expected_
Abrasion resistance (method A) ASTM D5963 78 mm? 70 mm?
Izod Impact (notched, 3.2mm, 23°C) ASTM D256 Mo break Mo break
Izod Impact (notched, 3.2mm, -10°C) ASTM D256 No break No break O -BASF == FORWARDII

Fatigue (Rossflex, 100k cycles, -10°C)

ASTM D1052

24.02.5653"‘&] @Rﬁ%m %ﬁ%&%“ochaimng“&wd%éﬂ% TPUOL - BuMeEQMChnology
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CONFIDENTIAL
Ultrasint TPUO1 (MJF): cyclic mechanical testing

B Rossflex tests (ASTM D1052)
» Plates (120x25x2mm, printed in XZ) and Lattices (150x20x10mm)
» 60°or 90° bending angle, 100k bending cycles

» 2 mm incision is made and possible growth of this cut during the bending is monitored

Coated (Ultracoat F)
Rossflex tests

After 100k cycles

Plate, 23°C, 90°, 2mm incision  No cut growth No cut growth No cut growth
Plate, -10°C, 90°, 2Zmm incision  No cut growth No cut growth No cut growth
Lattice, 23°C, 90°, no incision No broken connections -
I Y T T . =
Plate, 23°C, 60°, Imm incision  No cut growth Not tested Not tested
Plate, 23°C, 60°, 2Zmm incision  No cut growth Not tested Not tested R/
Plate, 23°C, 60°, 3mm incision  No cut growth Not tested Not tested I e
Plate, 23°C, 60°, 4mm incision  Broke after 350k cycles  Not tested Not tested

O-BASF | =rorwiarom
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CONFIDENTIAL

Ultrasint TPUO1 (MJF): Hydrolysis resistance

W Storage of S2 tensile bars (X-direction), immersed in water, at various temperatures

® Like for all polyester-based TPUs, water at high temperature can be a problem, but at 40°C
the printed parts properties stay constant for >200 days (not shown in graphs)!

12
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B Remark: parts may turn yellow after contact with water. This happens when

there are copper traces present in the water or on the parts (for example
s When-CeRper.biyshes.aredsed) this.doesnpt affect part performance.

s ]



CONFIDENTIAL

Ultrasint TPUO1 (MJF): Part blooming

B Part blooming = migration of a component or additive to the surface of the part, causing discoloration

» Test method 1: store lattice parts for various times at 60°C, 95% RH

» Test method 2: store parts half under water (distilled) for 21 days at 48°C

¥ No visible blooming on any of the tested parts!
(in the pictures: left = reference, right = after 21 days)

Method 1 Method 2 Method 2 Method 2
(sandblasted) (sandblasted) (Ultracur3D coating) (chemically smoothed)

19



CONFIDENTIAL

Ultrasint TPUO1 (MJF): Chemical resistance

B TPU chemistry: this is an aliphatic polyester-based TPU

. . Elastollan 585 A Elastollan C 85 A Elastollan 1185 A
B General chemical resistance data for
Conventlonal TPU grades Code Tested 20°C 60° C 20°C 60°C 20°C 60° C
0. Water Tap Water Years Months Years Monins Years Years
Sea Water ears Months Years Montns Years Years
. . 1. Weak A_cids,_ 3 % Acetlc Acld Weeks Days Weeks Days Years Manths
Of the th ree g ven g rades’ EIaStOI Ian C 85 A 1S carbonic Acids 3 % Laclic Acid Weeks Days Weeks Days Years Months
chemistry-wise the closest to Ultrasint TPUOL. 3% Bori Acid Vols  Wesks | Wonlhy  Weoks | Years Mo
SO th e d ata g |Ve n fOf th |S EIaStOI Ian C 85 A Can 3 % Phenolic Solutlon Weeks/ Days Months/  Weeks Years Months
Months Years However, tensile
be used as a non-binding indication for the oy 0% dve
C h e m |Ca| reS | Stan Ce Of U ItraS| nt T P U O 1 . gihe%ﬁgt:a%r;dogti_ﬁrjltljlggunnosmog;gmg acid, propionic acid, butyric acid, lauric acid, oleic acid,
2. Ehelllating . 3 % Citric Acid Maonths Days Months Days Years Manths
3. Weak Mineral Acids 3 % Sodium Bisulphate Months Days/ Months/  Weeks Years Manths
Solution Weeks Years
3 % Phosphoric Acld Months Days Months Weeks Years Months
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http://www.elastollan.basf.us/img/pdf/Elastollan_Chemical_Resistance.pdf
http://www.elastollan.basf.us/img/pdf/Elastollan_Chemical_Resistance.pdf

CONFIDENTIAL

Ultrasint TPUO1 (MJF): Chemical resistance

B Tests on Ultrasint TPUOL: S2 tensile bars, X-direction, immersed for 42 days at 23°C unless specified
otherwise. Detailed results available upon request.

Tested fluid Testing conditions / Fluid details Tensile Strength Elongation at Break | Hardness Shore A Volume change

IRM 901 100°C +2.0%
IRM 902 100°C = l = +5.4%
IRM 903 100°C ! ! = +8.7%
Fuel A Comparable to gasoline = ! = + 3.8%
Lubricating grease “Nigrin Mehrzweckfett” = = = +7.1%
Brake fluid “Bosch DOT 4* ! ! = +29%
Hydraulic fluid “Febi 46161~ = — = +2.3%
Engine oll “Castrol Edge Professional 5W-30" = = = + 3.5%
t?aer"]";rﬂ'l'ssﬁ‘g;ofﬁf‘é'c “Valvoline ATF PRO 236.14” = ~ - +2.6%
Engine coolant “Glysantin G48 ready mix” = = = +2.3%

: : 15 washing cycles of 1.5h each, 40°C, _
Washing machine : = =
with regular soap and softener

Ethanol 1 day = = +3.2% =9 FORWARDI]

21 %b%’@ﬁé?f‘lo. BASF For\Nardl%BBasic Training of Ultrasint® TPUO1 - Business and Technolegy - + 2.8%



CONFIDENTIAL

Ultrasint TPUO1 (MJF): UV resistance, accelerated weathering tests

B Test method

Example UV exposure Exposure period Chamber Black-standard | Relative
temperature |temperature humidity

ISO 4892-2A Cycle 1 Outdoor Daylight filters 102 min dry 38+£3°C 65+3°C 50+ 10 %
conditions 18 min water spray
ISO 4892-2B Cycle 3 Car dashboard Window glass Continuously dry 65+ 3 °C 100+ 3 °C 20+ 10 %
filters
¥ Remarks:

» Plates were printed vertically, cleaned by regular sandblasting, S2 tensile bars cut out afterwards
In XZ-direction, exposure duration 42 days (1000h)

» Because of the UV radiation, samples heat up. The ,black-standard temperature” can be used as
an approximate temperature for darker samples

» The TPU chemistry behind Ultrasint TPUO1 (aliphatic) has an intrinsically high UV stability

22 24.02.2023 | BASF Forward AM | Basic Training of Ultrasint® TPUO1 - Business and Technology



CONFIDENTIAL

Ultrasint TPUO1 (MJF): UV resistance, accelerated weathering tests

B Testresults

Tensile Elongation at Color fastness
Strength Break

ISO 4892-2A Cycle 1
ISO 4892-2B Cycle 3

= Some staining from the water spray

! Samples became a bit darker after long exposure times

12,0
11,0
10,0
9,0
8,0
7,0
6,0

Tensile Strenfth [MPa]

5,0
4,0
3,0
2,0

UV Resistance

5 10 15

e TPUO1 - I1SO 4892-2B cycle 3

20 25 30 35
Time [days]

—e— TPUO1 - 1SO 4892-2A cycle 1

40

a5

MPa]

Elongation at break

UV Resistance
300

250

: B S

150

100

50

0 5 10 15 20 25 30 35
Time [days]

- TPUO1 - ISO 4892-2B cycle 3 —e— TPUO1 - ISO 4892-2A cycle 1

40

45
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ISO 4892-2A
cycle 1

Oh 100h 300h 500h 1000h
L-Value: L- L- L- L-
47,6 Value: Value: Value: Value:
a: -0,1 43,8 455 452 46,1
b:-1,0 a: -0,2 a: -0,2 a: -0,1 a: -0,2
b: -0,8 b: -0,8 b: -0,8 b:-0,9



CONFIDENTIAL

Ultrasint TPUO1 (MJF): Flame resistance

B This material does not contain any flame retardants,

so the flammability behavior is in principle
comparable to regular plastics.

® UL Blue card available:
» HB rating fort=1.0mm
B FMVSS 302 (car interior applications):

» VERY geometry dependent!
Worst-case are thin plates or thin/fine lattices

» Result for test plates 356x102mm, 5 samples:

. . . Max. burning rate
(iimit < 102mm/min)

XY 1.16 mm 97 mm/min

Z 1.32 mm 63 mm/min
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Plastics for Additive Manufacturing E506048

Guide Information Process Category: Powder Bed Fusion M View Blue Card Format

BASF 3D Printing Solutions GmbH
Speyerer Str 4, Heidelberg 69115 DE

Ultrasint TPUO1(#)(R80)
Thermoplastic Polyurethane (TPU), furnished as powder

Min. Thk Flame RTI RTI RTI
Color (mmy} Class HWI HAI GWIT GWEFI Elec Imp Str
GY 0.75 j B j 700 675 50 50 50
1.0 HB . - 675 650 50 50 50

15 HB . - 675 650 50 50 50

3.0 HB . - 675 650 50 50 50

Comparative Tracking Index (CTI): 0
Dielectric Strength (kV/mm): 4.38
High-Voltage Arc Tracking Rate (HVTR): -
|IEC Comparative Tracking Index (Volts Max): -
|IEC Ball Pressure (°C): -
ISO Tensile Strength (MPa): -
ISO Tensile Impact (kJim?2): -

Inclined Plane Tracking (IPT}) kV: -

Volume Resistivity (10% ohm-cm): 10
High Volt, Low Current Arc Resis (D495): -
ISO Charpy Impact (kJim2): -
IS0 Heat Deflection @1.80 MPa (°C): -
I1SO Flexural Strength (MPa): -

ISO Izod Impact (klim?2): -

Process Category: Powder Bed Fusion Printing Process Designation Number:

Horizontal &

Build Plane: Vertical

Laser Power (Watts): -

Layer Thickness (um): 100 Scan Speed (m/s): -
Hatch Spacing (mmj: - Scan Strategy: -
Post Processing Method: Bead blasting: Glass beads, 300-400um, with 4-6 bars Air Pressure.
For use with UL Listed printer: HP Jet Fusion 5200 3D Printer, HP Jet Fusion 5210 3D Printer, HP Jet Fusion 5210 pro 3D
Printer
Printer Preset: balanced

Limited properties and ratings assigned to samples produced by the Additive Manufacturing technique representing a specific set of printing parameters and build
strategy Other print parameters and build strategies may result in significantly different results.

(#) - For use with Fusing and detailing agents HP 3D600, HP 30700 or HP 3D710.
(R80) - Material is approved for use with Reclaimed powder of 80%

[EC/S0 smal-zscale test data does not pertain to building materials, furnishings and relsted contents. IEC/ISO small-zcale test data is intended solely for determining the flammability of plastic
materialz used in the components and parts of end-product devices and appliances, where the acceptability of the combination is determined by UL.

Report Date:  2020-03-13 ®
Last Revised: 2020-03-17 22020 UL LLC

We create chemistry




CONFIDENTIAL

Ultrasint TPUO1 (MJF): Electrical properties

W Mostly available on UL Blue card

B Some detailed results:

Test

Dielectric
Strength

Volume
resistivity

Specific

ASTM D149

ASTM D257

Orientation

XY

XY

Thickness

1.4 mm

1.2 mm

0.67 mm

0.67 mm

Conditio-

ning

48h 23°C
50%RH

96h 35°C
90%RH

48h 23°C
50%RH

96h 35°C
90%RH

48h 23°C
50%RH

96h 35°C
90%RH

48h 23°C
50%RH

96h 35°C
90%RH

Plastics for Additive Manufacturing E506048

Guide Information Process Category: Powder Bed Fusion

View Blue Card Format

BASF 3D Printing Solutions GmbH
Speyerer Str 4, Heidelberg 69115 DE

Ultrasint TPUO1(#)(R80)
Thermoplastic Polyurethane (TPU), furnished as powder

Color
GY
RE
4.38 kV/mm
4.83 kV/mm
5.81 kV/mm
5.97 kV/mm

1.45E11 ohm-cm

6.79E10 ohm-cm

2.09E11 ohm-cm

1.05E11 ohm-cm

25 qurfaé&2.2023 | BapH ggmd@_lg | Ba;(c Training of UItraziht@nTPum - Business and Technology 5,5E+11 Ohm

resistivity

Min. Thk Flame RTI RTI RTI
(mmy} Class HWI HAI GWIT GWEFI Elec Imp Str
0.75 j B j 700 675 50 50 50
1.0 HB . - 675 650 50 50 50
15 HB . - 675 650 50 50 50
3.0 HB . - 675 650 50 50 50

Comparative Tracking Index (CTI): 0
Dielectric Strength (kV/mm): 4.38

Voltage Arc Tracking Rate (HVTRY): -

warative Tracking Index (Volts Max): -

|IEC Ball Pressure (°C): -

ISO Tensile Strength (MPa): -

ISO Tensile Impact (kJim?2): -

Inclined Plane Tracking (IPT}) kV: -

Volume Resistivity (10% ohm-cm): 10
High Volt, Low Current Arc Resis (D495): -
ISO Charpy Impact (kJim2): -
IS0 Heat Deflection @1.80 MPa (°C): -
I1SO Flexural Strength (MPa): -

ISO Izod Impact (klim?2): -

Jrocess Category. Powder Bed Fusion Printing Process Designation Number:

Horizontal &

Build Plane: Vertical

Laser Power (Watts): -

Layer Thickness (um): 100 Scan Speed (m/s): -
Hatch Spacing (mmj: - Scan Strategy: -
Post Processing Method: Bead blasting: Glass beads, 300-400um, with 4-6 bars Air Pressure.

For use with UL Listed printer: HP Jet Fusion 5200 3D Printer, HP Jet Fusion 5210 3D Printer, HP Jet Fusion 5210 pro 3D
Printer

Printer Preset: balanced

fies and ratings assigned to samples produced by the Additive Manufacturing technique representing a specific set of printing parameters and build
strategy Other print parameters and build strategies may result in significantly different results.

ruse with Fusing and detailing agents HP 30600, HP 30700 or HP 3D710.
terial is approved for use with Reclaimed powder of 80%

e test data does not pertain to building materialz, furnishings and related contents. IEC/IS0 small-scale test data is intended solely for determining the flammability of plastic
materialz used in the components and parts of end-product devices and appliances, where the acceptability of the combination is determined by UL.

0-03-13 .
0-03-17 @2020ULLLC
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CONFIDENTIAL

Ultrasint TPUO1 (MJF): Temperature resistance

W Several values on TDS already + some additional values in the table below

® DMA measurement: see graph (storage modulus indicates stiffness of material)

Glass transition Temperature / °C ISO 11357 - 48
Melting Temperature / °C (20 K/min) 120-150
x-direction z-direction =3
Charpy Impact Strength (notched, 23°C) / kJ/m? No break No break E ©
Charpy Impact Strength (notched, -10°C) / kJ/m? 46 44 :E é
Charpy Impact Strength (notched, -20°C) / kJ/m2 DIN EN ISO 179-1 22 10 E -é e
Charpy Impact Strength (notched, -30°C) / kJ/m? 7.9 4.5 g 9
Charpy Impact Strength (notched, -40°C) / kJ/m? 4.5 3.7 3 3
Rossflex test!ng (100k cycles, 23°C) ASTM D1052 No cut growth .
Rossflex testing (100k cycles, -10°C) No cut growth
N e e
Thermal Properties Test method
x-direction z-direction .
Vicat/A (10 N) / °C DIN EN ISO 306 “ : “ “ ! “ *" . * ”“ .
Heat Deflection Temperaturel) (HDT B, 0.45MPa) DIN EN ISO 75 49-64 50-52 Temperature T [*C]
1) HDT is not a good method for flexible materials as they bend easily, measurement values fluctuate strongly. O0-BASF ORWARDES
-

We create chemistry
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CONFIDENTIAL

Ultrasint TPUO1 (MJF): Temperature resistance

@ Mechanics for TPU based on 1A on S2 tensile bars at 23°C (RT), 50°C and 80°C

® High temperature leads to reduction of mechanics

Ultrasint TPUO1 - temperature resistance
200
180
160
140
120
100
80
60
40
: I I

0

23 °C, x- 50 °C, x- 80 °C, x- 23 °C, z- 50 °C, z- 80 °C, z-

direction direction direction direction direction direction

= E-Modul [MPa] Elongation at Break [%0]
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Ultrasint TPUOL - temperature resistance

23°C,x- 50°C,x- 80°C,x- 23°C,z- 50°C,z- 80°C, z-
direction direction direction direction direction direction

tensile strength [MPa]

O -BASF
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CONFIDENTIAL

Ultrasint TPUO1 (MJF): Water tightness

®  Water tightness of printed parts will be dependent on

» part geometry and orientation (overlap between printed
layers)

» testing conditions (pressure, temperature,...)

W Test results at room temperature, duration 1 week:

Wall thickness | Hollow spheres Vertical cylinder

0.4 mm not watertight watertight
0.5 mm not watertight watertight
0.6 mm watertight watertight
0.7 mm watertight watertight
0.8 mm watertight watertight
0.9 mm watertight watertight
1.0 mm watertight
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CONFIDENTIAL

Ultrasint TPUO1 (MJF): Burst pressure tests

W Burst pressure of printed parts will depend on

» part geometry and orientation (overlap
between printed layers)

» specific testing conditions used

B Procedure: pressure ramp 25mbar/s = 1.5bar/min
until part breaks

® Geometries tested:
» Hollow spheres
» Plates printed horizontally in XY

» Plates printed vertically in Z

= BASF

We create chemistry
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CONFIDENTIAL

Ultrasint TPUO1 (MJF): Burst pressure tests

B Results:
» At least two tests for each wall thickness, good reproducibility is obtained
» Quite good homogeneity between XY and Z directions in plates

» Spheres have lower burst pressure than plates, probably because small inhomogeneities in wall
thickness and varying overlap of printed layers leads more easily to weak spots

® Hollow spheres
® XY plates ®

7 plates

Pressure at break [bar]

oo

0,5 1 1,5 2 2,5 3 3,5 :
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CONFIDENTIAL

Ultrasint TPUO1 (MJF): Air tightness

B Same measurement setup as burst tests, but under water, and
pressure increase in steps. Leakage is detected through bubble
formation and recorded pressure drop. Measurements up to burst
pressure, or up to maximum
5 bar.

B Results:

» Best air tightness obtained in Z-direction plates. Hollow

spheres were always leaking at the top and bottom of the 5
sphere.

= = =P setpoint

1.5mm XY plate

1.5mm Z plate

Pressure [bar]
[S§]

Wall thickness | Hollow spheres XY plates

1 mm not airtight not airtight airtight up to 2 bar !
1.5mm not airtight airtight up to 2 bar  airtight up to 5 bar .
2 mm not airtight airtight up to 2 bar  airtight up to 5 bar
31 24.02. 23()2TTBASF Forward AM P&Eu? ITglmurI;g];tof UItrasmtg ITrI;[L%?t éjusung(gsﬁng?‘erchnog;tlght up to 2 20 ’ 0 100 200 300 400 500 600 I
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CONFIDENTIAL

Ultrasint TPUO1 (MJF): Biocompatibility, skin contact

M Skin contact statement available on request; data stored here

Ultrasint TPUO1 ISO 10993-5 ISO 10993-10 ISO 10993-10

Printed v/ v/ v/
Printed + vapour smoothed (AMT) v/ v/ v/
Printed + coated (Coat F Jet Black) v/ v/ v/

B General recommendations for the sterilization of TPU materials. These were not tested specifically on the
Ultrasint TPUO1!
» Best is to use ethylene oxide or gamma radiation.
» UV radiation or Ethanol are also possible, as long as times are kept relatively short and the parts do not
change color.

» Autoclaves with steam are in general not recommended, as TPU can possibly
emit toxic components under these conditions. S
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file://basf-3dps.com/SHARES/share/50_Sales/04_PBF/00_Product Information/02_Test Results_and_Certifications

CONFIDENTIAL

Ultrasint TPUO1 (MJF): Food contact

® The HP fusing agent does not have food contact approval. Also, the material Ultrasint TPUO1 is not
produced according to any food contact guidelines and does not have food contact approval.

® Applications close to food, but with no direct contact, e.g. robotic grippers: have to be investigated
case-by-case, with a risk analysis.

m Alternatively, there would be the possibility to use a functional barrier, e.g. FDA accepted functional
barriers are aluminum foil, and polyethylene terephthalate film (at least 25um thick for room-
temperature applications). Tests with parylene coating as a potential barrier are currently ongoing.

O -BASF
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CONFIDENTIAL

Ultrasint TPUO1 (MJF): Car interior tests, emissions

W The values given in the table below are the results of a case study and are not generally valid.

Test results will be dependent on the part geometry of the application and the exact production and
postprocessing conditions.

® Our tests showed a positive effect of vacuum drying on the results. In our tests, the vacuum drying
did not have a negative effect on part geometry, look & feel, or mechanical properties. Good
temperature calibration of the oven is however crucial.

VDA 270 VDA 275 VDA 276 VDA 278 - VOC VDA 278 - FOG DIN 75201B
(smell) (formaldehyde) | (Im3room test) | (volatile organic (condensable (condensable
compounds) substances) substances)
Limit*: 3 | Limit*: 5 mg/kg Limit*: 220 ppm Limit*: 220 ppm Limit*: 1 mg
Sandblasted 2.9 <0.3 Data available on 690-1032 461-532 5.9
request
Sandblasted

+ vacuum drying 8h 120°C 88-93 182-183 0.1

Chemically smoothed
+ Red Ultracur3D coating 2.7 51-64 142-151 0.8
+ vacuum drying 24h 120°C

*Limits are manufacturer dependent, given are just typical limit values as an indication. 0-BASF

We create chemistry
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CONFIDENTIAL

Ultrasint TPUO1 (MJF): Design guidelines

¥ In general very high geometrical freedom: fine details, thin walls and
overhangs are not a problem

B Maximum part size = usable build space JF 5200 = 380 x 284 x 380mm

B Minimum wall thickness
» Vertical walls: printable down to 0.2mm (measured thickness 0.4mm)
» Horizontal walls: printable down to 0.1mm (measured thickness 0.3mm)

» Recommended minimum wall thickness: 0.5mm

M Lattices

» For easy cleaning: use see-through structures (picture on the right vs. left),
open from all sides (no sandwich)

» Minimum strut thickness: 0.5mm possible, but minimum 1mm recommended for AN\
robustness, and minimum 2mm to have best part-to-part consistency N WIS

B Remark: large horizontal cross-sections during printing should always
® b’ avoided as thiéy caif be Uhexpeetedly Pérfdus and weak!



CONFIDENTIAL

Ultrasint TPUO1 (MJF): Bonding and gluing

B The preferred type of bonding or type of glue is very dependent on the requirements for the final part:

» Meld bonding / welding introduces no extra substance, but may be hard to implement, also depending on the
part geometry.

» Gluing introduces an extra substance. Selection will depend on requirements for chemical resistance, air/fluid
tightness, part flexibility, speed/ease of use.

» Hot bonds allow using TPU based glues for perspective recycling

Melt bonding / Heated tools / hot plate (+-10s 200°C) Very good bonding
welding Vibrational welding Material was too soft for vibrational welding

With THF there was some adhesion, but parts became brittle. Other

Solvent bonding IPA, ethanol, DMF, DMSO, THF :
solvents did not work.

Generally good results, see next slides. Fracture always occurred
within the material or within the glue layer, never between material
and glue, so adhesion of the glue to the material was always good.

Gluing Tested by Henkel: Loctite 401, 4850, HY 4090, AA  Best results with Loctite 401 and 4850; primer showed no additional
3038 and primer Loctite SF 770 advantage. Detailed results upon request

Loctite 3D Printing universal Bonder, Delo PUR
9694, Dow Corning 866, UHU Plus Endfest 300
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CONFIDENTIAL

Ultrasint TPUO1 (MJF): Bonding and gluing

Tensile lap-shear strength ?F Pull-off adhesion test
(DIN EN 1465) m (based on DIN EN ISO 4624) s O
mdl | Stand-off

Quick coupling

Glue
(uneven bond line)

;ji—;::::j ‘ . Coating

' Source: DeFelsko

Offset Piece
Clamp

500 500
Reference I
450 450
400 400
g 350 I 350
E x _
S 300 | Z 300 ]
o =
» 250 % 250
g 5 ]
200
5) g 200
o e
® 150 8 150
m
100 100
50 50
0 0
Loctite 3D Delo PUR 9694 Dow Corning 866 UHU Endfest 300 Welded sample Loctite 3D Delo PUR 9694 Dow Corning 866 UHU Endfest 300
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CONFIDENTIAL

Ultrasint TPUO1 (MJF): Sustainability

® Production process

» BASF has optimized the production process to be as energy efficient as possible, and almost no
waste is created in the production chain from raw material to powder

» In-depth sustainability study of the production process is currently ongoing at BASF
B TPU printed parts
» Ultrasint TPUOL1 is not bio-based or biodegradable
» With the recommended 80-20 recycling rate, almost no waste is created in the MJF process

» The TPU is very stable during MJF processing (no degradation, yellowing, molecular changes), so
parts or unused powder can be recycled / remolded like any regular thermoplastic polymer. Trials
are currently ongoing at BASF where printed parts are shredded and added to fresh TPU for use
In injection molding.

» Geometrical freedom in 3D-printing allows to make products (e.g. complete  FTHETS-
s 24.08R0)0Ul-0fust Linaterak-whchmakessecycling much easier.
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Overview for deep dive into business and technology
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Ultrasim® 3D Lattice Design
Introduction



Where you find Lattices today

Bendsge and Sigmund, 2003:

Any material is a
structure if you look
at it through a

Diamond Structure
sufficiently strong NG S S  E S A
microscope. yy v__' g s (o 0 W TCY

Basotect® - BASF

O -BASF
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What are 3D printed Lattices?

Lattices Background Lattice Characteristics Benefits at a Glance

« 3D-printed lattices are repeated patterns

comprised of a network of cells, beams, and * Increased comfort

Lattice Beam

Lattice Cell » Design controls function

nodes.

Lattice Node

* Unlock entirely new designs that have Lattice Skin c « Aesthetics

been considered before unmakeable.
* Heat transfer & ventilation

« One material with a whole range of different
_ _ _ _ » Lightweight
mechanical properties by finetuning the

combination of lattice characteristics.

e Lattices unlock entirely new designs

O -BASF
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There are millions of different lattices out there

Example: Ultrasint® TPUO1

N\
N
\ ,
\

Displacement [%]

*holds for equal volume density

O-BASF | =rorwiarom
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Ultrasim® 3D Lattice Library
Digital Lattice Test Pad

O=BASF 2= rorwaRDm Footwear  Profection = Seating ~ RESET
We creata chemistry -
4
: Footwear - A1 @ Footwear-Ad ©  Footwear-B2 ©  Footwear-B3 ©  Footwear-B4 °
[ o STl [ Sinoss Dersty Stfness Densiy Siness Densiy stfness Densiy Stness Dersit
0.18 MPa  0.09 2 MPa 0.3 glcm?® 0.49 MPa  0.15 1.14 MPa  0.23 1.98 MPa (.3 g/cm?
) s 2 B
Shore Hardness © lem Shora Hardness Shore Hardness grcm Snore Haroness 9 lem Shore Hardness.
007 Density 25 40-54 25.30 30-40 40-54
= " @@ s Height Height Height Height Height
yom? 5.0 mm 5.0 mm 7.5 mm 7.5 mm 7.5 mm
oo
@D Compression Siffness @ 30% Footwrear - C1 ©  Footwear- C2 ©  Footwear-C3 ®  Fooiear-C4 ©  Footwear-D1 °
Qr—— Density Stfiness Ctiffnazs Dansity Stffness Density Stifiness. Density
kPa 0.09 0.48 MPa 1.13 MPa 0.23 1.93 MPa 0.3 gFl:mJ 0.15 MPa 0.09
glem? . gicm? gfcm? y - .. glicm®
@D Compression Sness @ 40% IR S irse e s s s e Shoe s
[
Pa e e Heion: e Heion
10.0 mm 10.0 mm 10.0 mm 10.0 mm 12.0 mm
@ Compression Stifness @ 60% (XTI
(D) e — Footwear - D2 @  Footwear-D3 o ] ) )
KPa Suf Densty Stffness Stifnass Density Stffness Density Stifinese. Dersity
(&) 0.47 MPa  0.15 1.1 MPa 1.93MPa .3 giem® 1.11 MPa 23 0.38 MPa 13
; - s 2 B
= @R  Minimum Pat Thickness  (EEHD) [—— T Shore Horaness Srore Hardness Pee— ) ShoreHargness /€T
o L 4 25-30 0-54 54.64 40-54 <25
)
e et Haion: e
I I 12.0 12.0 mm 12.0 mm 10.0 mm
o ©  Seating-C1 ®  Sealing-C2 i} °
Density Sttiness Density Siffness Density Stifness Density Density
0.18 1.09 MPa 0.23 0.19 MPa 0.09 0.37 MPa 0.13 0.1g
s s 2 2 B
Shore Hardness § Lo Shors Hargnass gicm ) Shore Hardness g’em Shore Hargness 9 fen olca
30-40 40-54 =25 <25
Hegnt Heignt Heign: egnt
15.0 mm 15.0 mm 20.0 mm 20.0 mm
) ©  Protection- C2 ©  Protection-D2 [} o
Sifness Density Stfiness Densiy Siffness Density Siftsss Density Stfiness Density
= 1.06 MPa  0.23 0.46 MPa 0.1 g/cm? 2.84 MPa  0.32 1.53 MPa 0.2 grem? 0.78 MPa  0.14
- —— : 2 3
Shore Hardness 8 e Shore Hardnass Shore Hardness g/em Shore Hardness Shore Hardness iz
10754 <25 4054 0-40 <25
- Haignt Height Haight 2 Height. Heignt
DISpIaCement [%] 20.0 mm 7.5 mm 25.0 mm 25.0 mm 7.5 mm
Protection - A3 Li} Protection - A4 (i} Protection - B1 (i} Protection - B2 o Li}
Sifhess Density Stfiness Densiy Siffness Density Siffness Density Stfiness Density
1.16 MPa 0.18 1.69 MPa 0.22 0.61 MPa 0.13 0.76 MPa 0.14 0.91 MPa 0.16
s s 3 3 s
Shore Hardness 8 fcm Shore Hardnass giem Shore Hardness alem Shore Hardness 8 e Shore Hardness o
<25 25-30 <25 <25 <25
Heignt e Haign: egnt Heion:
7.5 mm 7.5 mm 10.0 mm 10.0 mm 10.0 mm

Ultrasim® 3D Lattice Library allows to choose from a large database of lattices

FORWARD X1

Innovating Additive Manufacturing

O:BASF | =
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How to find the right lattice for your application?
- One material many behaviors

High energy absorber

Grey curves show stress-strain behavior
of different lattices of the same density

printed from Ultrasint TPUOL.
o+t Vintle >< Low energy absorber

. EEEEEEDR

L ]
“‘
“‘
* | | |

u“ X-type High linear stiffness

“‘ g EEmmmEs
$“

“ mn
/ a
““ IIIIIIIIIIIIIIIIIIII

ﬁ‘:-------..-llll"" Framed X-type -
Low linear stiffness - =

Displacement

Force
)
*
L )

O-BASF | .= rorwirom
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Ultrasim® 3D Lattice Test Pad
Touch & feel lattice

How to find the right lattice

- AV R

» Find the right lattice using touch & feel lattice pads

2

» Each lattice pad has 4 diameters + 4 cell sizes giving you 16 "/

options to choose from

» 3 lattice pads for different applications available: Q

Beam Diameter

—

Cell Size

e Ultrasim® 3D Lattice Test Pad allows to directly feel & touch the right lattice

O -BASF
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Ultrasim® 3D Lattice Engine — Beta
Many and expensive tools with no pre-set and no certified lattices included

What is the Lattice Engine:
= BASF FAM Ultrasim® 3D Lattice Engine powered by Hyperganic

enables you quickly generate lattice parts

Benefits: e

v" Access free of charge

v' Extremely user friendly — no engineering expertise needed

v Validated BASF lattices

v' System integration with BASF material and services

e Ultrasim® 3D Lattice Engine enables generate lattice parts instantly.

O -BASF
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We support you in every stage — from starter to expert

To obtain the optimum performance the right lattice is key. We offer 4 easy methods to find the right lattice and generate the validated lattice design

made from our Ultrasint® TPUO1:

Lattice Engine - Beta Lattice Design Service Foam Replacement Full Engineering

Starter 1: Starter 2: Premium: Enterprise:

Our Ultrasim3D Lattice Engine enables Get one of our lattice engineers to Use our in-house developed FEA and We support you in each step of the
you to choose from BASF validated design your customized lattice design |lattice library to mimic a foam you use product design development for your
lattices and generate lattice parts incl. partial, multi-zone lattices & more. today by a lattice. ideal lattice design.

instantly yourself.

__—

Available Now
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Overview for deep dive into business and technology

Environmental Impact
. LCA “

Material Tests and Certificats Ultrasim® 3D Lattice Design

Application and Usecases
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Sales Assets

Partner Resource Center Whitepaper Sales Kits
Y el

N
. | o-Base ~
WHITE PAPER y
BASF Forward AM and ! s e
PARTNER RESOURCE CENTER DyeMansion:

Optimizing Post-Processing for Ultrasint® TPUO1 <

All the sales resources you
need in one place

Get the documentation, images, and sales resources to stay up to Q
date and provide the most accurate information for your customers.

GET STARTED Download the Catalogue

O -BASF
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https://move.forward-am.com/partner-resource-center#PBF
https://forward-am.com/use-cases-and-whitepapers/prosthetic-socket/

Overview for deep dive into business and technology

Environmental Impact
. LCA “

Material Tests and Certificats Ultrasim® 3D Lattice Design

Application and Usecases
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Environmental Impact

Life Cycle Assesment Recycling Carbon Compensation

Calculation of environmental impact for Take-back program for end-of-life TPU
complete TPU production from raw parts and powder I—— d : ok
material to powder according to 1ISO QEESEPIOTECHON ANC ECONOMIC BrOW
ISO 14040:2006 and ISO 14044:2006 1. Downcycling for injection molding . .
2. Recycling within 3D printing from e
| h ) d yt fgl t p g Certificate: Verified Carbon Standard (VCS)
» Climate Change powaer to tfilamen Capacity: 70.000 tons
 Ecotoxicity, freshwater
« Eutrophication, marine Q | a
° Resource use, fOSSiIS Project's mi.ssion: Preser\{ing.existing forests is one of the
) . o best solutions to maintain carbon absorption and
 Photochemical ozone format|on, } E sequestration processes. The project works hand-in-hand

with indigenous communities to shift towards sustainable

Wi economic practices (no deforestation).

7
"

human health
* Resource use, mineral and metals
Water use
Baseline for reduction of carbon .
emission L
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Ultrasint TPUOL1: Downcycling

Downcycling process of 3D-printed parts

I

3D-printed article_and/or_ 3p.printed part
[e.g. by SLS] [e.g. by MJF]

Injection molded parts from Injection molding
recycled 3D-printed objects T

-n'..

o

] .
Direct injection Pallets X
molding after cutting =

Ground 3D-printed fE'IXtrUdetd %
parts & articles llaments

j o2 s ‘
e
94 e ()
4 AR
and/or Blending with Compounding
: virgin polymer

el
:
o
Y ¥

-’.;D
CEX .

L

O-BASF | .= rorwirom
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Ultrasint TPUO1: Downcycling

Mechanical properties after recycling printed Ultrasint TPUO1 parts

Tensile Elongation @ Tear . .

Reference — Ultrasint®

TPUOL Pellets of raw material 1,142
1- Ultrasint® TPUO1 Pellets + 10% 3D Parts (MJF) 90 15 750 39 76 1,141
2- Ultrasint® TPUO1 Pellets + 20% 3D Parts (MJF) 90 15 750 40 75 1,141
3- Ultrasint® TPUO1 Pellets + 30% 3D Parts (MJF) 90 15 710 39 74 1,14
4- Ultrasint® TPUO1 100% 3D Parts (MJF) 90 15 760 40 75 1,142

Visual development during recycling

No significant changes in mechanical performance 100%

O-BASF | =rorwiarom
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TPU Recycling Study

Mechanics* | TPUO1 Recycled Recycled
powder, TPUO1 TPUO1

filament, filament,
white black

Tensile 85 MPa 38 MPa 42 MPa

modulus

Tensile 9 MPa 15 MPa 15MPa

strength

Elongation 280% 825% 880%

at break

S2-tensile bars printed in x-direction

Polyester based
= better chemical resistance (oll,
- ‘ solvent, acids)
Ultrasint TPUO1 TPUO1 filament TPUOL1 filament out of = higher abrasion resistance
(powder, MJF) out of granulate recycled powder printed parts
(mixed by 50% with granulate) O:=BASF | = rorurom
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Ultrasint TPUOL1 powder recycling to TPUO1 filament

Mechanical Properties

Tensile modulus [MPa] 85 32
Tensile strength [MPa] 9 16
Elongation at break [%] 280 580

O =BASF i FORWARD ]

innovating Additive Manufacturing

We create chemistry
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Overview for deep dive into business and technology

Environmental Impact
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Material Tests and Certificats Ultrasim® 3D Lattice Design
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Why you should include your post-processing steps into your design phase

Post
Processing

ldea Concept > Design/CAXx > Printing

Open access
to structure

Closed Structure /
Undercuts

Gap distance
between lattice

e Design determines the final post-processing quality.

O=-BASF | =

We create chemistry
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Hurdles and challenges

59

Powder Residue No Uniform Surface

N
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Burned Marks

Inconsistent Quality

O-BASF | =rorwiarom
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What are the main influences?

2. Blast Media 3. Blast Pressure

« Glass Beads » 3 bar (steel beads)

* Plastic Beads * 4 bar (glass beads)

« Steel Beads » 5 bar (plastic beads)

« Diameter

4. Part Geometry
1. Blast Time - Balanced mix of
* Min. 20 min bulky parts and
lattices

6. Powder Temperature 5. Machine Settings
 Warm (directly after * Nozzle Distance
unpacking) * Nozzle Quantity

* lonizing Nozzles

O -BASF

We create chemistry
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How to depowder Ultrasint TPUO1

Part Geometry
« Balanced mix of bulky
parts and lattices

Blast Time
e 66mMIN

Blast Media
» Plastic Beads (400um)

Blast Pressure
5 bar

Powder Temperature
 Cooled down to room
temperature

O-BASF | .= rorwirom

We create chemistry
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How to depowder Ultrasint TPUO1

Blast Time 15min Additional 30min
e 1x 15min T
« Additional 30min

Blast Media
» Glass Beads (300 —
400um)

Blast Pressure
» 4 bar — glass beads

Powder Temperature
 Cooled down to room
temperature

O -BASF

We create chemistry
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How to depowder Ultrasint TPUO1

63

Blast Media

 Steel Beads
* Plastic Beads
 Glass Beads

Blast Time

e 22 Min

Blast Pressure

« 3 bar — steel beads (100-

200um)

« 5 bar — glass beads and
plastic beads (300-400um)

Powder Temperature

« Cooled down to room

temperature

24.02.2023 | BASF Forward AM | Basic Training of Ultrasint® TPUO1 - Business and Technology

Glass beads

After depowdering

Before depowdering

Plastic beads
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Depowdering White Paper: BASF and Dyemansion

Key Results of TPUO1 White Paper

e Plastic beads achieve better quality than glass beads

e Glass beads need high pressure (>5 bar) to fully depowder lattices, but
therefore break and might destroy the surface which influence post-
processing

e For printed only parts—> deep dark color

e For parts with post-processing = greyish surface recommended

e Powershot Performance C for high throughput and serial production

e TPUO1 “depowdering mode” on Powershot Performance C

e Good depowdering results with the right process parameters

WHITE PAPER

BASF Forward AM and
DyeMansion:

Optimizing Post-Processing for Ultrasint® TPUO1 <
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Overview for deep dive into business and technology
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BASF TPU powders: applications and use cases
Sandals - Hilos Climbing Shoes - Athos Backpack - Vaude Furniture - Oechsler Helmets - BASF Bike Saddle — Posedla Joyseat
Consumer
Motorbike Saddle — Oechsler Spoiler closeout seal - GKN Spring Sleeve
Automotive
Prosthetic Socket - Prosfit
Cobots - Oechsler
Industrial /
medical || | ENGOMIE

O -BASF
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https://forward-am.com/use-cases-and-whitepapers/reaching-new-summits-with-the-first-3d-printed-climbing-shoe/
https://forward-am.com/use-cases-and-whitepapers/unlocking-limitless-creativity-furniture-industry/
https://hilos.co/pages/our-story
https://www.3dnatives.com/de/novum-3d-vaude-backpack-090220221/
https://bikerumor.com/posedla-joyseat-3d-printed-custom-saddle/
https://forward-am.com/use-cases-and-whitepapers/protective-helmets/
https://forward-am.com/use-cases-and-whitepapers/motorbike-saddle/
https://forward-am.com/use-cases-and-whitepapers/motorbike-saddle/
https://forward-am.com/use-cases-and-whitepapers/motorbike-saddle/
https://www.forecast3d.com/wp-content/uploads/2022/05/GKN-Additive_F3D_GM-Case-Study_2022-1.pdf
https://forward-am.com/use-cases-and-whitepapers/protective-lattice-layer-for-cobots/
https://forward-am.com/use-cases-and-whitepapers/protective-lattice-layer-for-cobots/
https://forward-am.com/use-cases-and-whitepapers/motorbike-saddle/
https://forward-am.com/use-cases-and-whitepapers/motorbike-saddle/
https://forward-am.com/use-cases-and-whitepapers/prosthetic-socket/
https://www.spring-italia.com/basf-ultrasint-tpu01-available-in-spring-srl/?lang=en

(%) | Industrial & Mobility and Transportation

GKN ADDITIVE
FORECAST 3D

Spoliler closeout seal - GKN

* Bridge Manufacturing helped GM deliver vehicles on time

« Late into the development process of its 2022 full-size SUV,
General Motors added a spoiler closeout seal to improve
aerodynamics and increase fuel-efficiency. As a result, GM
needed 60,000 parts manufactured within six weeks or they
risked delaying delivery of 30,000 vehicles to dealerships.

WHY BASF Ultrasint™ TPUO1

« Closed surface as sealing through vapour smoothing
«  Weatherability properties

 flexible and durable part performance

Use case available!

O -BASF

We create chemistry
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https://forward-am.com/use-cases-and-whitepapers/protective-lattice-layer-for-cobots/
https://www.forecast3d.com/wp-content/uploads/2022/05/GKN-Additive_F3D_GM-Case-Study_2022-1.pdf
https://www.forecast3d.com/wp-content/uploads/2022/05/GKN-Additive_F3D_GM-Case-Study_2022-1.pdf

(%) | Industrial & Mobility and Transportation

Clamp for Wind Turbines

Wind turbine blades are 67+ meters long and require a tool to rotate
the blade component (structural shear-web) from horizontal to vertical.
This application serves as a safety aid to mount and protect the turbine
blade component during handling. These parts need to be changed
yearly.

WHY BASF Ultrasint™ TPUO1

* Impact absorption — protecting the blade from
delamination and crushing

* Reusability rate

« Time to manufacturing is 2% that of conventional
Injection Molding (3-4 days vs. 3-3.5mo)

O -BASF

We create chemistry

Internal Use Only
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SOFT TOUCH TOOLING

* Assembly equipment fixtures
 Shipping dunnage

* Prevent marking on A-surface

© Extol, Inc.




AMT VAPOR FINISHING BENEFITS

« Smooth Surface

* Seal TPU

* Clean Easier

 Avoid Collecting Debris

¢ & ADDITIVE
' MANUFACTURING
TECHNOLOGIES

© Extol, Inc.

Data credits from Extol




COMPARISON

Traditional Manufacturing

Data credits from Extol

Soft Touch Tooling

Lead Time 4 weeks Zdi?g 5 days
Performance Great @ Great
Cost $3026 @ $3000
Design Changes 2 weeks Sf:izf’ 2 days
Design Freedom Very Low @ Very High

© Extol, Inc.

4



(%) | Industrial & Mobility and Transportation

Lattice Layer — RoboSkin

« RoboSkin works as a mechanical collision buffer, it requires no
additional sensors, just the TPU layer that takes up only minimal
installation space and is mounted with an easy system. Need to
be flexible and cushioning, when changing end of arm tooling

» The lattice design of the skin is easily, rapidly and cost-
effectively adaptable to every robot type

WHY BASF Ultrasint™ TPUO1

« High abrasion resistance and E@B
« Skin Contact

» Volume saving to the lattices design
* Reusability rate

 Crash Test Dataset ISO 10218-4, fulfillment of
all requirements of ISO TS 15066 Use case available!

Designed by Oechsler

O-BASF | .= rorwirom
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https://forward-am.com/use-cases-and-whitepapers/protective-lattice-layer-for-cobots/

(%) | Industrial & Mobility and Transportation

Data credits from Oeschler

Auto Seat

Enables additional functionalities such as sound equipment,
background lightning, better heating and ventilation.

WHY BASF Ultrasint™ TPUO1

* The lattice structure provides same cushioning effect with
much less weight, essential for vehicles

* Tested for durability (fatigue bending ASTM D1052)
* VDA emission tests (VDA 270, 276, 278)

* Flame resistance (FMVSS 302) and UV resistance
(ISO 4892-2A Cycle 1)

* Post-Processing coating compatibility*

White Paper Available!

*Coated with Ultracur3D Coat F, a coating developed by BASF to
ensure a perfect match in between flexible substrate and applied

coating. n - BASF

We create chemistry

Internal Use Only

© Copyright 2019 HP Development Company, L.P. The information contained herein is subject to change without notice. HP Confidential


https://forward-am.com/use-cases-and-whitepapers/automotive-ultrasint-tpu-for-car-interior-applications/

() | Industrial & Mobility and Transportation

Data credits from Ford

Spring Sleeve for Dual-Rate Spring
Assemblies

Ford-First, and potentially Industry-First use of additively manufactured
thermoplastic urethane for a vehicle chassis application. The sleeves
were designed & manufactured in-house by Ford Motor Company.

Short run production

WHY BASF Ultrasint™ TPUO1

* Meets functional requirements

* Improved water shedding

* Eliminates the need for an adhesive

*  Weight and volume saving to material utilization (47% reduction,
when compared to the same design without holes)

* 33% reduction in per piece price

We create chemistry

Internal Use Only

© Copyright 2019 HP Development Company, L.P. The information contained herein is subject to change without notice. HP Confidential



() | Healthcare

Prosthetic Socket

Dynamic process that can offer complete customization for each patient.

Perfect for the creation of the soft part

WHY BASF Ultrasint™ TPUO1

Biocompatible, ideal for skin contact

The right balance between flexibility and stiffness of
the component

Lightweight (TPUO1 Ultrasint Density 1.1 g/cm3)

Skin Contact Statement Available

White Paper
Available!

Internal Use Only

= BASF

b create chemistry

© Copyright 2019 HP Development Company, L.P. The information contained herein is subject to change without notice. HP Confidential


https://forward-am.com/use-cases-and-whitepapers/navigating-additive-manufacturing-for-the-healthcare-industry/
https://forward-am.com/use-cases-and-whitepapers/navigating-additive-manufacturing-for-the-healthcare-industry/

() | Consumer Goods

SKIING GOGGLES

The customer was looking for parts consolidation. Reduction of
production costs due to the elimination of mounting steps

WHY BASF Ultrasint™ TPUO1

Lattice structure enables a variety of comfort

Gluing

UV Resistance

Hydrolysis resistance
Lightweight (TPUO1 Ultrasint Density 1.1 g/cm3)
Skin Contact Certificate

Internal Use Only

© Copyright 2019 HP Development Company, L.P. The information contained herein is subject to change without notice. HP Confidential

Data credits from Oeschler

d* BASF
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() | Consumer Goods

Footwear

Faster product development cycle and new product go-to-market in only
two weeks instead of months

Improved inventory management
WHY BASF Ultrasint™ TPUO1

* Increased comfort and durability with new materials
*  Complete recyclability of the product
* Hydrolysis resistance

*  Wearability test

Data credits from Hilos

Internal Use Only
© Copyright 2019 HP Development Company, L.P. The information contained herein is subject to change without notice. HP Confidential

Data credits from Athos

O- BASF == FO
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() | Consumer Goods

Protective Helmet

The costumer was looking to create an intelligent impact absorbing
helmet

WHY BASF Ultrasint™ TPUOQO1?

* Impact resistance

* Lattice engineering and simulation
* Flexible coating

* Skin contact

* Hydrolysis resistance

Use case available!

O -BASF

We create chemistry

Internal Use Only
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https://forward-am.com/use-cases-and-whitepapers/protective-lattice-layer-for-cobots/
https://forward-am.com/use-cases-and-whitepapers/protective-helmets/
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WORKFLOW & POST-PROCESSING -

COOLING KEEP-HOT
TIME PHASE

max. 8 hours Optional 4 hours

Whitepaper: Unpacking & Cleaning Guidelines - 52x0

24.02.2023 | BASF Forward AM | Basic Training of Ultrasint® TPUO1 - Business and Technology

Workflow

TRANSPORT OF HOT UNPACKING
BUILD UNIT At 80°C

max. 2 hour

POST-

DEPOWDERING

PROCESSING

Media:

Plastic beads
Steal beads
Ceramic beads
Glass beads

Pressure :

3-5 bar

. Time:

15-60min

Surface Smoothing
Coating
Dyeing

O -BASF

We create chemistry



http://www.hp.com/go/3DMaterials

Overview for deep dive into business and technology
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B3DPS Coating Solutions

Ultracur3D Coat F+ Product Presentation

BASF 3D Printing Solutions (B3DPS)
Status January 2023



BASE 3D Printing Solutions — Product Description = roawsom | K= BASF

We create chemistry

Ultracur3D® Coat F+ by Forward AM is a flexible waterborne 2k-basecoat designed to offer
exceptional flexibility for elastic 3D Printing Materials and enables new possibilities for
advanced applications — from functional prototyping through to end use serial production parts.
Together with BASF Coatings GmbH we can offer outstanding technical support and an
extensive range of colors to identify the ideal surface finish for your specific application.

Waterborne based coatings can be applied with a wide range of industrial spray guns, which
allows easy handling and reduces expensive hardware investments.

In addition, a customized color development based on a physical sample, RAL or Pantone code
Is offered.

" Ultracur3D Coat F+
.~ Substrate

BASFE 3D Printing Selutions GmbH ams@basf-3dps.com www.forward-am.com
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BASFE 3D Printing Solutions — Target Markets =~ FORWARD L

consumer Automotive Interior Medical O&P

BASFE 3D Printing Selutions GmbH ams@basf-3dps.com www.ferward-am.com



BASE 3D Printing Solutions — Product Features = FORWARDI O -BASF
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> ) High fiexibilitys = \Vearrand Scratch Skin contact Waterbased Large color
resistance formulation portfolio

BASFE 3D Printing Selutions GmbH ams@basf-3dps.com www.ferward-am.com
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BASF 3D Printing Solutions — Product Support = FORWARDL

Application Equipment

BASFE 3D Printing Selutions GmbH ams@basf-3dps.com www.forward-am.com
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BASFE 3D Printing Solutions — Color Support =~ FORWARDIXI

Ultracur3D Coat F+ Uni Colors

b A —

Grass Green

Light Blue

Ultracur3D Coat F+ Effect Colors

‘ Metallic Silver Metallic Blue

BASFE 3D Printing Selutions GmbH ams@basf-3dps.com www.ferward-am.com



BASFE 3D Printing Solutions — Color Support = rorwarom | H"BASF
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1. Color reference 3. Customized color

y S e N ) N .
R ‘: L 7 A 2 < . \
- ) &« . P @ B i
L4 ; > ) -

Pantone : A

TPU 88A ™
Physical master sample

BASFE 3D Printing Selutions GmbH ams@basf-3dps.com www.ferward-am.com



BASE 3D Printing Solutions — Application Support = ronwarom | " BASF
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30A e 4 ) . 4 | — C g = -
|:| D IVIIXing ratio: 10054 by weight % SPrayPasseS 105=2
>+ | ——— — | -
| '1erdener: Ultracur3D® Hardener F+ Layer thickness 25 * 5um
$ T
¥ Reducer: DI-Water, ) Flash of'at 23°C Smin
 —
N
’E| Potlife at 20°C: 2h Intermediate drying 10min/at 80°C
oo Shelf life (5=35°C) b months Final drying 30min at 80°C

- N
. —

“ '__’\L \ =Y z
PDF | s < i A L e

ind furtherinformationiinour.processing guideline:

BASFE 3D Printing Selutions GmbH ams@basf-3dps.com www.forward-am.com



BASE 3D Printing Solutions — Equipment Support = romwmom | H*BASF

We create chemistry

Coating eqguipment Drying equipment

1) Spray gun: 1) Drying oven:

Protective clothing

1) Coating suit
2) Coating Mask + Filter

» Minimal drying temperature: 80°C

« Air circulation

y - My

Fizoves

E.g.: 3M™ 7500 Series Face Mask

3) Safety shoes

. . A . q e
4) Slngle use gloves E.g.: SATAjet 5000 B E.g.: lwata WS 400 Evo

5) Safety glasses

2) Spray booth

— -

E.g.: XUE225 universal oven Essential

» Spray wall with filters

» Spray wall with air/water separation

» Closed spray cabin with air regulation

E.g.: HONEYWELL SVP200 ANTI-FOG

BASFE 3D Printing Selutions GmbH ams@basf-3dps.com www.ferward-am.com
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Innovating Additive Manufacturing




BASF Elastollan® Applications
Where do we meet TPU?

e Rubber like material used in wide range of industries

O -BASF
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