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Introducmg FDM leon 12

The toughest materials in additive
manufacturing just got tougher

Highest elongation at break
Highest impact strength
Good chemical resistance

Flexible material enables new
applications

Pressed metal inserts
Snap fits

Living hinges

Fatigue resistant parts
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FDM NY'OH 12 S Stratasys

Unique Material Features

e High Elongation at Break: +30%

High Z Strength: > 90% isotropic

Excellent fatigue resistance

Moderate chemical resistance

High impact resistance

Good HDT*: 82° C

* HDT after annealing part at 140 ° C for 2hrs



FDM Nylon 12 VStratasys
/

e Fortus 360mc ; 400mc ; 900mc compatible System Support
Availability Technology

New Material Option is required

360mc
e 0.178mm, 0.254mm, 0.333mm slice thickness 400
mc Soluble
e SR-110 Soluble Support (similar to SR-100) 900mc

Black color available

Engineering Plastics (PC) pricing
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FDM Material Comparison e

Flexural Izod Impact

Modulus

Tensile
Strength

Technology Elongation

HDT @264 psi

(Heat Def. Temp)

@ Break Unnotched

Material Notched

FDM 7,000 psi 3.17 ft-Ib/in 82° C*
Nylon 12 (48 MPa) (200 J/m)

woso | a | gom | e Lasien | e | g
oms | e | pmem |mn [ | s | e c
o | amn | || | o | 127 C
wmsoss | sow | o | e [aowan [t [ g
| | g | e | e | g C

* HDT after annealing part at 140 ° C for 2hrs




FDM Nylon vs. SLS/LS
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Material Comga rison

Technology Elongation Tensile Flexural Izod Impact HDT @264 psi

Material @ Break Strength Modulus Notched Unnotched (Heat Def. Temp)

Stratasys o %
FDM Nylon 12 82" C
3D Systems 0 6237 psi 201 ksi 0.6 ft-Ib/in 6.3 ft-Ib/in o
Duraform PA 14% (43 MPa) (1387 MPa) (32 J/m) (336 J/m) 95" C
EOS o 7000 psi 217.5 ksi 0.78 ft-Ib/in 8.6 ft-Ib/in o

PA 2201 15% (48 MPa) (1500 MPa) (40 J/m) (460 J/m) 75 C

* HDT after annealing part at 140 ° C for 2hrs

Toughness, Strength, and Flexibility
e Highest tensile strength
* Highest unnotched impact resistance

e Best elongation at break and flex modulus

Lower flex modulus = more flexible



- Stratasys

FOR A 3D WORLD™

Material ' Mechanical Thermal . Chemical
. . ) Part Aesthetics .
Properties ' Properties Resistance Resistance

FDM ;T M Y|
Nylon 12 | o |
SLS M M M
Nylon 12 L L L
Build Cost per Total cost of  Total process Ease of use Size of
Process part ownership time parts
FDM _|ik/|°:g N _|ik/|°:g N N
Nylon 12 | | | |

Volume Volume

Med- Med-
SLS/LS | . ;T .
Nylon 12 l_H_J High l_H_J High

Volume Volume

Significant advantage in mechanical properties and build process
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FDM Nylon 12

Material Best Practices



Building with Nylon 12 ks St

Nylon 12 Users Guide N

e Semi-crystalline material: Enables annealing to improve
temperature resistance

e Build Modes: Can optimize part performance by adjusting the oven
temperature based on the part geometry

e Support Removal: Soluble support (SR-110) with tank temperature
determined by geometry

e Post Processing: Mass finishing compatible, machine able, bonds
well, and accepts inserts well.

. J
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* User selects build mode in
Insight while processing part

e Geometry specific build
modes enable optimization of
part quality and mechanical
properties

e Software automatically
adjusts the oven temperature
to control the crystallization
rate and reduce internal
stresses

: Dimension Oven Temp
BuildiMode (thickest wall) (° C/° F)
Thin Wall <2.5 mm 80/176
2.5 mm-—
Normal 100/212
12.7 mm /
Brick >12.7 mm 120/248

Choose build mode based on the thickest section of the part.
For parts with a wide variation in wall thicknesses you can
choose Brick mode and build the part at an angle to improve

part accuracy.
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Support Removal

New support material SR-
110. Uses T12 SR-100 series
tips.

Due to temperature
sensitivity of parts the
support removal bath needs
to be set to a lower
temperature

Thicker parts can have
support removal at higher
temperatures to accelerate
the process

. Dimension Support Removal
Build Mode (thickest wall) Tank Temp (° C)
Thin Wall <2.5mm 50
2.5 mm—
Normal 12.7 mm 60
Brick >12.7 mm 70

J

Most parts will have support completely removed when tanked at
50° C over night (8-12 hours).
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Significantly increases Heat
Deflection Temperature
(55° C>82° C)

If annealing: shrink factor
should be changed to
1.0251 for Xand Y

Only necessary for
applications that will see
~50° C+ temperatures

Build Dimension Ang:ling AnnealingTime
Mode (thickestwall) . /op [ inOven(min)
Thin
Wall <2.5mm 130/266 300
2.5mm-
Normal 12.7 mm 135/275 180
Brick >12.7 mm 143/290 60

To ensure proper annealing leave the part in an oven at the
recommended temperature for the recommended time.

Nylon 12: First FDM material that can be annealed




Key Application Capabilities :/ stratasys

(. . .
Snap fits & clips -
Covers, panels, facades ,&) i '.
. Housings, enclosures, clamps
Fatigue resistance / high endurance parts

Ducts /Q

Repetitive vibration, flex, stress

Tooling / prototypes w friction-fit inserts
Drill guides, bushings, wear surfaces

e°

Threaded inserts
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\_

Target Applications

Functional prototypes:
Very high mechanical, and fatigue and moderate
chemical resistance.

Jigs/Fixtures and Tooling/Patterns:
High durability and dimensional stability. Easy
machining (drilling, tapping, friction fit inserts,
etc.). High impact strength / resistance.

End use parts:
For aerospace, automotive, and other high-
requirements industries

Unique Material to FDM:
Current customers may not readily identify
applications due to the unique properties of
Nylon 12

</ Stratasys

FOR A 3D WORLD™




Target Customer Profile :/ stratasys

Fortus System Owner / SLS System Owner using Nylon 12/11:
e Large engineering companies & service bureaus
e Capacity constrained on SLS

$200M

Fortus System Owner / SLS Nylon 12/11 Part Buyer: ot ':,‘,’::,?el:arts

* Have not justified large SLS system investment
« FDM capacity available or needs aid to justify adding capacity

Previous Fortus System Prospect / SLS Nylon 12/11 Part Buyer:
* Have not justified large SLS system investment
« Added FDM capabilities aid to justify Fortus purchase
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Euromold 2013

« December 3", Frankfurt

« Nylon will be featured at the Stratasys exhibit e

Pricing
» Material priced the same as PC and PC-ABS
e Material Option —same as PC and PC-ABS
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I,
310-21800 Nylon 12 Filament Canister, Fortus 360/400/900mc, 92 in"3 (1510 cc)

Pa rt number SR-110 Soluble Release Support Canister, 92 in”3 (1510 cc)

- Fortus eV/eT/360/400/900mc (Nylon 12, Nylon 12 CFR)

325-11050 Nylon 12 Model with SR-110 Soluble Support Material Package for Fortus 900mc
- Two (2) Nylon 12 Model Material Canisters

- Two (2) SR-110 Soluble Support Material Canisters

- One (1) Package of Small Nylon Build Sheets (qty 20)

- One (1) Package of Large Nylon Build Sheets (qty 10)

- One (1) T16 Tip Set (T16/T16)

- One (1) T12 Tip Set (T12/T12)

311-11050 Nylon 12 Model with SR-110 Soluble Support Material Package for Fortus 360/400mc
- Two (2) Nylon 12 Model Material Canisters

- Two (2) SR-100 Soluble Support Material Canisters

- One (1) Package of Nylon Build Sheets (qty 20)

- One (1) T16 Tip Set (T16/T16)

- One (1) T12 Tip Set (T12/T12)

125-21500 Nylon 12 Model with SR-110 Soluble Support Material Option, Fortus 900mc
- allows Fortus 900mc to run Nylon 12 material
- includes 3 Nylon 12 Material Packages (PN: 325-11050)

161-21500 Nylon 12 Model with SR-110 Soluble Support Material Option, Fortus 400mc
- allows Fortus 400mc to run Nylon 12 material
- includes 2 Nylon 12 with Nylon 12 Material Packages (PN: 311-11050)

162-21500 Nylon 12 Model with SR-110 Soluble Support Material Option, Fortus 360mc
- allows Fortus 360mc to run Nylon 12 material
- includes 2 Nylon 12 Material Packages (PN: 311-11050)

310-32200

310-00400 |Foundation Sheet (pkg of 20)
- Fortus 360/400mc (Nylon 12)

325-00500 Foundation Sheet - Small (pkg of 20)
- Fortus 900mc (Nylon 12)

325-00600 Foundation Sheet - Large (pkg of 10)
- Fortus 900mc (Nylon 12)
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New

Updated

Nylon12 Collaterals:

. December 03 - 06, 2013
Nylon12 Launch presentation Frankfurt/Main, Germany

Nylon12 material data sheet

About Nylon12

Nylon12 Frequently Asked Questions
Nylon12 and SR110 MSDS

Nylon12 Images

From tomorrow
Production series Brochure

Available for download

Fortus Systems & Materials

Fortus 360mc Brochure
Fortus 400mc Brochure
Fortus 900mc Brochure
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Stratasys now has Nylon!

* Nylons: widely used in traditional and additive manufacturing
* Now available with the convenience & affordability FDM

e Toughest Nylon 12 AM parts on the market

* Nylon 12 is the first in a family of Nylons

FDM Nylon 12 differentiators

e Exceptional fatigue resistance

e Toughest Nylon 12 in additive manufacturing
» 2x the elongation at break vs. SLS
» Best impact strength

» Highest z-strength ratio FDM material
e Good chemical resistance
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FDM Nylon 12
Appendix
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FDM Nylon 12 Datasheet

CONDITIONED"

Mechanical Properties’ Test Method English Metric
| ] I i I [ 1
T lodu 5 1 i f

\qation at rmin ASTM Di
E 10 T i < JTTHI) TM L i

ura 1th (Methe ] I | 10.0 5 Ipa

i fulus (Metho A 1 I
exural Strain at Br ™ D7 I I o Bre

Z0O0 impa £ TM D25t - 0

[ 1 10 t (1 f f

Mechanical Properties’ Metric
Tensile Strength [ Type 1 1257 0.2°'min) ASTM DE3R 7,700 ps 531 MPa
[ ladu | | ASTI f | i
nga E o | ; =
! i ASTM D £
exura gth (Meth .05 ™ D7 10.2 7
exura ilus (Mealth j 1 Th | k
Lif iy at | | | &l | .
B et | AST! |
Z0D impac Ino l (Method A, 2 T 5 7 T 000 J

*Conditioned = Test specimends are conditioned according to procedure A of ASTM D618 (40 hours @ 23C and 50% relative humidity)
**Unconditioned (Dry) = As printed (No soluble support removal)
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FDM Nvlon 12 Datasheet o RIS

Thermal Properties? Test Method m

Heat Deflection (HDT) @ 66 psi annealed ASTM D648 206.6°F 97°C
Heat Deflection (HDT) @ 66 psi unannealed ASTM D649 167°F 75°C
Heat Deflection (HDT) @ 264 psi annealed ASTM D650 179.6°F 82°C
Heat Deflection (HDT) @ 264 psi unannealed ASTM D651 131°F 95°C

MeltingPoint ] e 352.4°F 178°C
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Material Comparison

Technology Elongation Tensile Flexural lzod Impact HDT
Material @ Break Strength Modulus Notched Unnotched @66 psi @264 psi
FDM 12 30%+ 7000 psi 190 ksi 3.17 ft-Ib/in | >37.4ft-lb/in | 97° 82°
Nylon 12 0 (48 MPa) | (1310 MPa) | (200 J/m) (>2000 J/m) C* C*
Solid o
. . _ N _ . 177
s | 12| st | S|tk [aizibn | ssatn | 177 86
Nylon 12 C C
Solid o
a Q _ 0 _ o 157
s | 11| 210 | S| mow sl | s 157 50
Nylon 11 C C
EOS 0 7000 psi Charpy 159 | 55°
PA 1101 11 45% (48 MPa) N/A (70 3/m) N/A - c | ¢
EOS . . .
7250 psi 217.5ksi | 0.78 ft-Ib/in
0,
PA 2200 12 20% (50 MPa) | (1500 MPa) |  (40J/m) Ny N/A | N/A
EOS 12 15% 7000 psi 217.5ksi | 0.78 ft-lb/in | 8.6 ft-Ib/in 154 | 75°
PA 2201 0 (48 MPa) | (1500 MPa) | (40 J/m) (460 J/m) °C C
3D Systems 12 14% 6237 psi 201 ksi 0.6 ft-Ib/in 6.3 ft-Ib/in 203 | 95°
Duraform PA 0 (43 MPa) | (1387 MPa) | (32J/m) (336 J/m) ° C C
EOS PA 1101 — 48 MIPa Z-strength * HDT after annealing part at 140 C for 2hrs

EOS PA 2202 — 48 MPa Z-strength
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Objet500 Connex3HHHE
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Trek Bicycle (ERBHI1TE) RRIhZESH §tratasys

A 3D WORLD

REEMESE FHRIRAMRERZEE RN, XI—KTHEZR”
“ATHIELRFNBITE, Trek ﬁﬁ%rd‘éﬂﬁlm MM Connex3 MM RIEEE. ”
— Mike Zeigle, Trek
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ABSH FHfRlmE =S #ME MK  (Digital ABS material
for high toughness applications)

ABSHIF PRI LS U FAPRRE &
BB A S ISR SR
ERAMA
BeEbR - TER (Ba)

IS HEHAE 12 ##°F ABS RIT B R MM FH R AT HixEE
2£ 4 Tango+/TangoBlack+#1#}
HMEAENHENEE AE (BNEE A27-A95)
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wrecise replica of a pediatric patient's heart made on a 3-D printer at Children's Hospital of
ladelphia, with a rectangular cutout for fraining purposes. (CLEM MURRAY [ Staff Photographer)

JLEEPRTA3ID fTEIMEE VIR ES|M, A T#HEOIRINEEERNERFAR,
(CLEM MURRAY / Staff Photographer)
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Cardiologist Yoav Dorl with printed models. "The malformations that we deal with are incredibly
complex,” he says.

“FEDREAZ RO FARREM T BIERDILERNFE, 7

Yoav Dori .
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