Best Practice

Figure 1: Full-sized car body used hot air welding and solvent to bond over 16 ABS-M30™ sections.
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Bonding

Overview

Joining pieces and repairing parts are routine operations for all manufacturing processes, including additive
manufacturing. While there are many bonding options, the primary considerations when selecting a bonding
method should be the strength of the bonded joint and compatibility with an FDM® material.

Common applications where bonding is applicable are:

Joining sectioned parts (for details, see the Best Practice: Sectioning Oversized Parts)
Embedding inserts (for details, see the Best Practice: Embedding Hardware into FDM Parts)
Repairing parts

Joining assemblies

Making composite structures

There are many methods, and even more materials, for bonding FDM parts. The processes for adhesive,
solvent, and welding methods are covered in the options section.

Reference materials

Processes e Best Practice: Sectioning Oversized Parts

e Best Practice: Embedding Hardware into FDM Parts
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1. Options

1.1. Bonding method selection

Table 1: Bonding Method Characteristics.

. - Cure ;

th%?ﬁL%% Option gi)oosl}ars) mitntltf:s) -(rg:f;) Viscosity gg'gggth* gg:ir:tlgg«l':e* gzgitstance*

Adhesive Loctite® Low 0.5 0.01 Low Medium Low Low
Plastics
Bonding
System
(Cyanoacrylate)
Hysol E-20HP Medium 20 1 Medium High Medium Medium
(Epoxy)
Magnolia 6166 High 60 7 High Medium Medium High
(Epoxy)

Solvent Micro-Mark® Low 5 0.33 Low High High Low
SAME STUFF

Welding Hot Air Low 15 NA High High High High
Ultrasonic spot  Low 5 NA NA High High High

* See manufacturer’s data sheet for details.

Table 2: Compatibility of Bonding Method with FDM Materials.

Method  Type ABS Family PC PC-ABS PC-ISO NYLON 12 PPSF/PPSU olTEM
Adhesive Cyanoacrylate - v % v x ® ® ®
Loctite Plastics
Bonding System
(Cyanoacrylate)
Epoxy — ® ® v % ® v (4
Hysol® E-20HP
Epoxy - % b ® ® ® ® v
Magnolia® 6166
Solvent SAME STUFF v v (4 v ® % 4
Welding Hot Air v v v 4 v v v
Ultrasonic Spot 4 v 4 ® v v x



Best Practice

Bonding

1.2. Bonding Method Descriptions

1.2.1.

1.2.2.

1.2.3.

1.2.4.

Adhesive: Cyanoacrylate — Loctite Plastics
Bonding System (Figure 2)

e Description
— Short shelf life
— Fast-curing
e Characteristics
— Easy to use
Adhesive: Epoxy — Hysol E-20HP
e Description
— Two-part adhesive
¢ Characteristics
— Creates high tensile strength
joint
Adhesive: Epoxy - Magnolia 6166
e Description
— Structural paste

— FST (flame, smoke and toxicity)
compliant epoxy

e Characteristics

— Maintains FAA FAR 25.853 on
ULTEM™ 9085 resin FDM parts

Solvent: Micro-Mark SAME STUFF
e Description

— Chemically melts surfaces
(Figure 3)

e Characteristics

— Greater bond strength than
cyanoactrylate or epoxy

— May blister at temperatures
above 70°C (158 °F)
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Figure 2: Cyanoacrylate adhesives.
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Figure 3: SAME STUFF solvent chemically melts plastic.
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1.2.5. Welding: Hot Air
e Description
— Melts plastic with hot air
— Uses thermoplastic filament as a
filler (Figure 4)
e Characteristics

— The bond has similar properties
and characteristics as the FDM
part

TIP: Hot air plastic welding requires some skill.
Practice is recommended to develop the technique
that produces good bonds.

NOTE: This method is not recommended for thin-
walled parts. For ULTEM™ 9085 resin and PPSF/

PPSU, thin wall is < 3.2 mm (< 0.13 in). For all
other materials thin wall is < 2.0 mm (0.08 in).

1.2.6. Welding: Ultrasonic Spot

e Description

— Uses ultrasonic vibration to melt
and bond plastic

e Characteristics

— Welds are stronger than
surrounding material

— No foreign material is introduced

— |deal for applications that have
strict material requirements

— One side of the bond joint has
a visible imprint from the spot
weld
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Figure 4: Draw the hot air welding tool and plastic filament
along the seam.
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1.3. Optimizing Bond Strength

In practice, the strength of the bond will vary with
method, wall thickness and geometry type. However,
bond strength may be improved by selecting the
appropriate type of joint. For example, replace a butt
joint with a dove or lap joint when shear forces are
going to be applied. Another option is to combine
bonding methods. For example, start with hot air
plastic welding for a thick-walled joint and then follow
up with a chemical bonding agent.

NOTE: When using ultrasonic spot
welding, a lap joint is required.

2. Process
2.1. Adhesive: Cyanoacrylate and Epoxies
STEP 1: Scuff bonding area using sandpaper.

NOTE: Sanding the surfaces until the visible
surface toolpaths are blended together will
dramatically improve the bond strength.

STEP 2: Clean the bonding area with isopropyl
alcohol.

STEP 3: Thoroughly mix the adhesive’s two
components if necessary (Figure 5).

NOTE: Consult the manufacturer’s

instructions for ratios and details.

STEP 4: Apply adhesive to mating surfaces and join
(Figure 6).

TIP: Use an applicator, such as a brush, putty knife or
mixing dispenser to apply the adhesive to the joint.

STEP 5: Hold or clamp work pieces while the
adhesive sets (Figure 7).

NOTE: Consult the manufacturer’s

instructions for cure times.

TIP: Accelerate curing time with heat per the
manufacturer’s recommendations.

Figure 5: Mix the two components of the adhesive.

Figure 6: Apply the epoxy to mating surfaces

Figure 7: Mate pieces and hold or clamp.



Best Practice

Bonding

STEP 6: Remove excess adhesive.

STEP 7: After curing, sand the seam to achieve a
uniform surface.

STEP 8: Adhesive bonding with cyanoacrylates and
epoxies procedure complete.
2.2. Solvent: Micro-Mark SAME STUFF
STEP 1: Clean and prepare surfaces to be bonded.

NOTE: Sanding the surfaces until the visible
surface toolpaths are blended together will
dramatically improve the bond strength.
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Figure 8: Brush solvent onto mating surfaces.

STEP 2: Apply solvent to the bonding surfaces
(Figures 8 and 9).

TIP: Use an applicator, such as a brush or needle tip
to apply the solvent to the joint.

STEP 3: Mate the pieces and hold until the bond
sets, which is usually just a few seconds
(Figure 10).

STEP 4: Allow the part to sit for 8 hours to reach full
mechanical strength.
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Figure 9: The low-viscosity solvent also flows well into
seams and cracks.

STEP 5: Sand the seam to achieve a uniform surface.

STEP 6: Chemical bonding with Micro-Mark SAME
STUFF procedure complete.

2.3. Welding: Hot Air

STEP 1: Clean and prepare surfaces to be bonded.

STEP 2: Mate the pieces that will be bonded and Figure 10: Align and clamp the mating pieces until the
secure them. bond has set.
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STEP 3: Set the hot air welding tool’s temperature and fan

speed for the FDM material to be bonded (Table 4).

Table 4: Hot Air Tool Temperature Settings.’

Material Temperature
ABS Family/Nylon 12 201°C (395°F)
PC-ABS 246°C (475°F)
PC/PC-ISO 282°C (540°F)
PPSF/PPSU 379°C (715°F)
ULTEM™ 9085 resin 332°C (630°F)

STEP 4: Slowly draw the hot air welding tool and
FDM plastic flament along the seam,
applying constant downward pressure with
the filament on the bond joint (Figure 11).

STEP 5: Parts are fully cured as soon as the FDM
thermoplastic cools.

TIP: Maximum bond depth will be approximately
equal to the diameter of the welding filament. A
“V” groove is typically used to increase the mating
surface area (depth) to be welded (Figure 12).

STEP 6: Sand the seam to achieve a uniform surface.

STEP 7: Hot air plastic welding procedure complete.
2.4, Welding: Ultrasonic Spot

STEP 1: Clean and prepare surfaces to be bonded.

STEP 2: Use a test part to determine equipment
settings for the type and thickness of plastic
being bonded.

1 Table does not include all Stratasys FDM materials.
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Figure 11: Hot air plastic welding.
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Figure 12: Establish a “V” notch at the joint for hot air
welding.
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STEP 3: Mate the pieces that will be bonded and
secure them in place (Figure 13).

STEP 4: Place the tool on the joint to weld the pieces

(Figures 14 and 15). Parts may be used
immediately after bonding (Figure 16).

STEP 5: Ultrasonic spot welding procedure complete.

3. Safety
Observe manufacturer’s recommendations for safety,
material handling and storage. This information can be
found in the Safety Data Sheet (SDS).
4. Tools & Supplies
4.1. Adhesive: Cyanoacrylate and Epoxies
e | octite Plastics Bonding System
e Hysol E-20HP
e Magnolia 6166
e Applicator: brush, putty knife or mixing dispenser
e Oven (optional)
4.2. Solvent:
¢ Methylene Chloride (Micro-Mark SAME STUFF)
4.3. Welding: Hot Air
e \Welding tool (Leister® Hot Jet S)
e FDM material filament
4.4, Welding: Ultrasonic Spot
e Spot welding tool (Dukane iQ series)
e Ultrasonic horn
e Spot welding tip
4.5. General
e Sand paper
e Respirator with filter (N100 or better)
e Clamps

e |sopropyl alcohol

Figure 13: Clamp pieces for ultrasonic welding (ultrasonic
horn shown).
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Figure 14: Touch the spot welder to the work piece.

Figure 15: Depress the tool into the work piece to weld.

Figure 16: Spot welds from an ultrasonic welder.
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5. Materials:

e ABSplus™

° ABSI™

e ABS-M30

e ABS-M30i™

e ABS-ESD7™

* ASA

° PC
PC-ABS
PC-ISO™
Nylon 12
PPSF/PPSU
ULTEM™ 9085 resin

Stratasys Headquarters

7665 Commerce Way, 1 Holtzman St., Science Park,
Eden Prairie, MN 55344 PO Box 2496

+1 800 801 6491 (US Toll Free) Rehovot 76124, Israel

+1 952 937-3000 (Intl) +972 74 745 4000

+1 952 937-0070 (Fax) +972 74 745 5000 (Fax)

stratasys.com
ISO 9001:2015 Certified

© 2022 Stratasys. All rights reserved. Stratasys and FDM are registered trademarks of Stratasys Inc. ABSplus, ABS-ESD7, ABS-M30, ABS-M30i, ABSi and PC-ISO are
trademarks of Stratasys, Inc. 9085, 1010 and ULTEM™ are trademarks of SABIC, its affiliates or subsidiaries. All other trademarks are the property of their respective owners,
and Stratasys assumes no responsibility with regard to the selection, performance, or use of these non-Stratasys products. Product specifications subject to change without
notice. BP_FDM_Bonding_0622a

The information contained herein is for general reference purposes only and may not be suitable for your situation. As such, Stratasys does not warranty this information. For
assistance concerning your specific application, consult a Stratasys application engineer. To ensure user safety, Stratasys recommends reading, understanding, and adhering
to the safety and usage directions for all Stratasys and other manufacturers’ equipment and products. In addition, when using products like paints, solvents and, epoxies,
Stratasys recommends that users perform a product test on a sample part or a non-critical area of the final part to determine product suitability and prevent part damage.



http://www.stratasys.com/?utm_source=logos&utm_medium=pdf&utm_content=s-logo
http://stratasys.com

