Developmental Product

3D Printing with 3M™ Dyneon™ Fluoropolymers

A new dimension
of opportunity.

3M pioneers 3D printing
technology for fully-fluorinated
polymers, including PTFE –
enabling faster prototypes,
greater freedom of design
and more.

3D Printing with 3M™ Dyneon™ Fluoropolymers

Imagine the possibilities.
For the first time, fully fluorinated polymers
such as 3M™ Dyneon™ PTFE can be processed
via 3D printing. 3M has pioneered a proprietary
technology that could allow manufacturers
to avoid the time and expense of traditional
processing techniques. The combination of
this uniquely versatile fluoropolymer and
additive manufacturing opens a new world
of possibilities:
• Produce parts with complex geometries
• Create rapid prototypes
• Integrate multiple components
• Avoid the need for expensive tooling
• Reduce machined material

Potential industries

Print-on-demand meets PTFE
The new 3M process uses an additive
manufacturing method called stereolithography,
or vat polymerization. Stereolighography involves
curing a photosensitive material by selectively
delivering energy to specific regions. Once
printed, the parts display properties similar to
those produced by traditional PTFE processing
techniques. In fact some properties, such as
surface finish, may even be superior.
3D printing is intended to complement,
rather than replace, traditional fluoropolymer
processing. One particular advantage of 3D
printing is its ability to create highly accurate and
intricate parts quickly, with less waste – allowing
you to respond to fast-changing customer needs.

• Automotive
• Chemical processing
• Medical equipment
• Energy
• Aerospace

Benefits of 3D printing with PTFE
Expanded freedom of design
• Allows greater geometric flexibility, enabling novel designs and delivery methods
• Adds functionality to designs
• Creates possibilities for weight reduction, improved properties and enhanced durability
• Improves response time to customer demands
• Enables “on-demand” supply of customized products

Enhanced product development cycle
• Accelerates and improves design iteration
• Eliminates the need for long lead time tooling when generating prototypes
• Reduces unit cost and lead time of small batch series

Potential cost savings
• Reduces tooling and tooling maintenance cost
• Streamlines production by printing integrated assemblies in fewer steps
• Generates less waste than traditional subtractive manufacturing techniques
• Reduces inventories by printing spare parts “on-demand”

Mechanical Properties
Tensile strength and elongation
Due to its unique nature, PTFE is not melt processible, which
is why it is not injection molded or extruded. A critical step to
achieve mechanical integrity in the finished part is fusion of
the PTFE particles, accomplished in conventional processing
methods by compression molding and sintering.

Tensile test measurements based
on a dog-bone sample, punched
from a horizontal 3D-printed
sheet of PTFE (ASTM D1708).

23 MPa

While not intended to exactly replicate existing PTFE processing
technology, 3D printing does accomplish a similar fusion of PTFE
particles. Test results show that this process can yield parts with
mechanical strength suitable for a wide range of applications.
The two characteristics related to the material’s mechanical
strength are tensile strength and elongation at break, which are
often part of the initial screening for specific applications.
To test these values, a PTFE part was 3D printed to simulate a
sintered die cut specimen. The part was then tested in build
plane (parallel to printed layers).
The resulting average values were 23 MPa tensile strength
and 240% elongation at break.* These test results indicate
that 3D-printed PTFE parts may achieve mechanical strength
suitable for many applications, while allowing greater flexibility
and potential cost savings for prototyping and short-run,
specialized parts.

Average tensile strength at break

240 %

Average elongation at break
*Data is not for specification.
Tensile specimen based on ASTM D1708
(thickness: 1.5 mm) tested at 12.7 mm per
minute extension at room temperature.

Yield strength
Yield strength is the stress point at which permanent
deformation of a plastic part begins. Many parts need
to operate below their yield point in order to maintain
their original shape and elasticity.

compared to a sintered die cut PTFE test
specimen, manufactured using traditional
processing methods. The 3D printed part was
tested in the build plane (parallel to printed layers).

In some materials, such as PTFE, the yield point is not
easily defined, because no clear yield point appears
over the course of the stress-strain curve. In these
cases, an approximation called “offset yield strength”
is determined. For PTFE, the stress at which 10%
permanent deformation occurs is often used.

In this test, the 3D printed specimen exhibited
similar performance, in the direction parallel to
the printed layers, to the traditionally produced
specimen. This indicates that 3D printing of
PTFE parts may be a viable option for many
specialized applications. Additional development
and benchmarking work is currently underway
at 3M to optimize the performance of this
emerging technology.

In the figure below, the average offset yield strength
of a sintered, 3D printed PTFE test specimen is

Offset yield strength of 3D printed structures
Yield strength range of printed
PTFE parts at 10 % offset

8 to 12 MPa

Yield strength range of skived
PTFE film at 10 % offset

10 to 12 MPa
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Offset yield
strength in MPa

Data is not for specification. Tensile specimen based on ASTM D1708 (thickness: 1.5 mm) tested at 12.7 mm per minute extension at room temperature.

Density
Does 3D printing affect the density of PTFE parts?
Density is one of the most significant properties of PTFE. Density
data allow for conclusions about processing conditions, like cooling
rate after sintering, and about certain properties, like flex life or
permeability – all of which affect the quality of a PTFE part.
To test how 3D printing might affect part density, 3M printed a
variety of PTFE parts up to approximately 1.4 mm thickness using
stereolithography. Stereolithography has been identified as the
optimal 3D printing process for PTFE and other fully fluorinated
polymers.

Cross section of a 3D printed PTFE
part (freeze fractured).

Test results on the samples produced show density values of 2.12
to 2.17g/cm³ which is within the typical range of conventionally
processed material.
These PTFE test parts were then analyzed using a scanning electron
microscope, and compared with similar parts produced by machining.
As you can see, the results are similar in both the printed and
machined cross-sectional SEM pictures.
Cross section of a machined PTFE
part (freeze fractured).

Density
range of
printed
PTFE parts

2.12

Density range of PTFE
parts produced by
conventional technologies

2.19

Density in g/cm3

Density measurements were performed by the displacement method referring to ASTM D792-13

Can 3D printing help achieve a smoother,
more accurate surface finish?

Dimensional
resolution
and accuracy

3D printing is an additive manufacturing process that creates
three-dimensional objects directly from digital information,
avoiding the use of tooling. While both standard 3D printing and
tooling processes can leave layer steps or machining marks behind
on a surface, our new 3D printing process for PTFE can achieve a
degree of smoothness not typically obtainable with conventional
printing or machining.

Parts printed by stereolithography
not only provide a smooth
surface finish, but also have high
dimensional resolution, enabling the
production of fine PTFE structures
of less than 1 mm in dimension.

Surface finish

This difference is demonstrated by a microscopic comparison of
printed and machined PTFE parts with dome-shaped features.
Microscopy of the 2mm dome-shape example below illustrates
a superior surface finish on PTFE parts made using a 3D printing
technique called stereolithography.
These images show that stereolithography leaves minimal “layer
step” formations that can be noticeable on parts made by other
3D printing techniques.
Certain applications in the food, pharmaceutical and semiconductor
industries requiring low roughness and low surface adhesion
may benefit from this technology. That’s because, with smoother
surfaces, cross-contamination and microbial growth may be
minimized. Cleaning processes may also be streamlined. This may
translate into increased efficiency and service life of the PTFE part.

Top view of a printed PTFE part with
dome-shaped features. Produced at
3M laboratories.

Top view of a machined PTFE part with
dome-shaped features. Produced by
an external machine shop.

The design flexibility offered by
stereolithography and other 3D
printing techniques shows particular
promise for the production of
miniaturized technical parts,
lightweight structures and
applications requiring parts
with a high level of detail.

Top view of a small printed
PTFE cogwheel, produced
at 3M laboratories.

3M's new 470,000 square foot Carlton Science Center located in Saint Paul,
Minnesota. This state-of-the-art facility is dedicated to application engineering
and product development for a wide range of 3M technologies, including
3M™ Dyneon™ Fluoropolymers.
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