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Introduction
Ultrafuse 316L is a metal polymer composite filament especially 
designed for Fused Filament Fabrication (FFF). Once formed via 
3D printing, parts undergo a debinding and sintering process. 
The catalytic debinding and sintering processes have been 
developed over the 25 years in which BASF has been active in 
Powder Injection Molding.
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Metal part

Unlike Selective Laser Melting (SLM), Direct Metal Laser Sintering (DMLS), 
Direct Metal Deposition (DMD) and Binder Jetting, enclosed internal features 
are made possible by the FFF nature of Ultrafuse 316L. In addition to this 
increase in capabilities, open format FFF printers are orders of magnitude less 
expensive than other metal component manufacturing hardware.
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The high 90 percent metal content and the even distribution of the metal within 
the binder matrix reduces the risk of defects and increases the success rate. 
Due to immobilization of metal particles in the binder matrix into afilament 
dramatically reduces the potential hazards of handling fine metal powders 
when compared to Selective Laser Melting (SLM), Direct Metal Laser Sintering 
(DMLS), Direct Metal Deposition (DMD) and Binder Jetting.

Ultrafuse 316L is compatible with both Bowden and direct drive extruders via 
the use of a non-slip outer surface. Possessing high flexibility, the filament can 
be guided through complex idler pulleys and guide roller filament transportation 
systems. 

Material
Ultrafuse 316L enables the printing of green parts 
without the need for a mold or other forming pro-
cesses and has been specifically designed for open 
FFF 3D printers.1

Computer-Aided Design (CAD), Computer-Aided Manufacturing (CAM), 
& Slicing– “Art to Part”

Like any manufacturing process, FFF is subject to process-related constraints. 
Although, in principle, nearly any geometry imaginable may be produced, 
post-processing of a sintered metal part may be required to achieve a 
surface quality that is higher than that typically achieved with FFF.

To avoid frequent changes and a “trial and error“ process, 
recommended design parameters are provided.

Modeling Software

Each print starts with a computer generated model (examples for modeling softwares are CATIA, 
Autodesk Inventor, SolidWorks, Siemens NX, etc.). Regardless of the modeling software used, 
the outcome must be readable by the print preparation software “slicers.” Typical model formats 
include .stl, .obj, etc., which use triangles to describe the geometry. Selecting the size and 
variation of these triangles considerably impacts the resulting part tolerances. The slicer then 
converts the triangulated mode into machine code (G Code) by “cutting” the model into slices.

Slicing

Nozzle size 0.40 mm Influenced by quality (details) and print time

Extrusion multiplier 1.0–1.1 Should be checked; dependent on the printer

Extrusion width 0.35 mm Dependent on the nozzle size

Retraction distance (direct/Bowden) 1.5 mm/5.0 mm Direct/Bowden extruder 

Retraction speed 45 mm/s Recommended

Layer height 0.15 mm Range of 0.10 – 0.25 mm (Resolution)

Outlines 1–2 Dependent of the part and print quality; overlap 
between the outlines must be provided

Infill % 100 % Less than 100 % for hollow parts

Infill type 100 % (red.) <100 % 
Grid Honey comb

Min. 60 %

Outline overlap % 20–35 % Should be checked; dependent on the printer

Infill extrusion width 100 % 100% recommended

Nozzle temperature 230 °C–250 °C Actual temperature

Bed temperature 90 °C –120 °C Actual temperature

Cooling No cooling Part cooling increases warpage

Default print speed 35 mm/s Printing speeds depend on part complexity and size

Shrinkage 16 % XY

20 % Z

Regarding the scaling factor, see Shrinkage  
on page 12.

Printing Parameter Value Comment

There are many parameters that can be changed, and some 
of them are critical for the quality of the print. 
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Part Orientation: 
Alignment of the Part Inside the Build Volume

Parts should be orientated to minimize the need for supports. 

Not good, support needed. Good, no support needed.

Skirt

Mainly used to prime the nozzle and to  
readjust the bed leveling during the 
print, if no brim or raft is used.

Brim

By experiencing corner warping or 
similar horizontal expansion of the surface.

Raft

Creates a bottom surface that the 
print can adhere to. This is a common  
solution to adhesion problems.

The Need of Support

As the sintering process begins, its metallic portions will slowly 
begin to coalesce, providing structural strength.

It is recommended to use a support when exceeding a  
45 ° overhang angle. The same material is used as the support 
(the support infill structure should be dense, approx. 70 %) 
and can be removed in the green part state (the debinding 
and sintering strategy should be considered before removing 
the support material from the green part) or after sintering, 
again depending on the part geometry and complexity.  
A debound but unsintered part has the same structural integrity. 

Many slicers work from the outer surface  
in. Therefore, when the extrusion width and 
wall thickness do not match, inner portions 
can be left either with no infill or partial infill.

In metal FFF printing MF3, the metal composite filament is used 
as the material base. Printing with a metal filament is the same as 
printing with a plastic filament. However, there are subsequent 
process steps. After the component has been printed (“green 
part”), it must be debound, whereby the main binder is removed 
catalytically. The component after debinding is called the  
“brown part”, it has a lower strength than the green part, but 
it remains dimensionally stable. During the sintering process, 
the brown part loses its second binder, and the individual  
metal particles fuse together. 

Fundamentals of Printing
Starting Requirements & Parameters

For successful printing, the following points are fundamental.

As with any FFF printing material, segments of Ultrafuse 316L 
are deposited on the printer’s heated bed to form a layer. As 
successive layers of material are deposited, a 3D part is created, 
which is referred to as a green part. After printing, the part is then 
moved on to debinding and sintering (D&S).

Hot-end

Filament

Extruder

Drive gear

Nozzle

Printed object

Build plate

Direct drive Bowden drive

1 2 3

  Basic knowledge  
    of FFF 3D printing

  Fully functional 
    FFF 3D printer

  Printer calibration
 How does it work?

 Slicer parameters.

 Axes.
 Extruder.
 Print bed.
 Nozzle/Bed distance.
 Temperature control: 

    Heated bed, Nozzle, etc.

2 3

Build Plate Adhesion/Additions
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Printing green part

Calibration and Benchmark Test

Introduction & first print tests with the Ultrafuse 316L metal filament

1. Single wall cube
   a.  To define the correct extrusion multiplier
   b.  Each material has different melting points and viscosities.  
   This affects the extrusion multiplier and the extruded value during printing. 

2. Process window
   a.  The process window is an indicator of the printing speed as a function of the printing temperature.

3. Retraction test & part and end points 
   a.  To avoid strings between part features or parts

4. Printing accuracy test (can also be used for evaluation of the shrinkage value) 
   a.  Accuracy of the printer.
   b.  Check if the printer is printing the correct dimensions.

5. Benchmark test
   a.  Checking the printing parameters on a more complex part with different geometries.

Printer Requirements

Basically, it is possible to print the metal 
filament with a standard desktop FFF printer, 
but the machine influences the print quality 
and experience. Due to high warpage of the 
material, it is recommended to have an enclosed 
printing chamber with a low chamber air flow. 

First Layer

For successful printing, it is important that the first 
layer is printed satisfactorily. The first layer fixes 
the component during printing on the build plate.

 Everything should be leveled and closed during printing.
 First layer should be adhered to the print bed.

Key points:

Even and closed.  
No swelling, not too “loose”.

Nozzle is too far away from 
the print bed. First layer is 
not closed and thus there 
is not good adhesion of the 
first layer to the printing.

Nozzle is too close to the print 
bed. The extrudate swells, and 
the layer is heavily smeared and 
uneven.

By smearing the extrudate that 
collects at the nozzle, this can 
lead to closure of the nozzle. Oc-
casionally, the extrudate collects 
at the nozzle, which can lead to 
nozzle blockage.

Minimum printer 
requirements

Recommended printer 
requirements

• Nozzle temperature up to 250 °C

• Bed temperature up to 90–100 °C

• Enclosed chamber

• Low chamber air flow

• Nozzle temperature up to 280 °C

• Bed temperature up to 130 °C

• Enclosed and heated chamber

• Dual print head

4

Debinding brown part

Ultrafuse 316L uses multiple binder systems to ensure rapid and 
controlled removal of the primary binding material. Once the 
polymer-based binder has been removed, the part is referred 
to a brown part and is ready to be solidified into a fully metallic 
part by sintering.        

Debinding is the removal of binders which are required to enable the printing process. Catalytic 
debinding is a thermochemical process in which green parts are exposed to gaseous nitric acid 
(HNO3) in a nitrogen atmosphere and heated. The goal of debinding is to remove the binder in 
the shortest amount of time with the least impact on the final part. 

Additionally, economic considerations often limit maximum debinding times whereas catalytic 
debinding removes the binder material at highest rates in industry (1–2 mm/h for each external 
surface). In addition to the amount of time for the binding materials, a flushing cycle is required 
to remove residual HNO3 or other decomposition by products.

Sintering
Brown parts are relatively porous and require sintering to pro-
duce a solid densified material. Sintering consolidates and forms 
a solid mass of material upon heat without melting the material, 
thus maintaining the part’s shape.

Sintering in a pure hydrogen atmosphere 
enables the production of a finished 
stainless steel component that is almost 
fully dense. As a rule, the printing direction 
and parameters have a greater influence 
on shrinkage magnitudes than does part 
orientation in the D&S process. Support 
structures, as with any FFF part, are 
required when printing overhangs or other 
horizontal structures. Unlike typical FFF, 
however, Ultrafuse 316L requires increased 
support structures to ensure structural 
integrity throughout the D&S process.

5

6

Due to its transition from a porous brown part to a dense 
“white” state, dimensions of the part are reduced. This 
reduction in size is typically referred to as shrinkage and 
must be considered during the design phase. 

white part
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Post-Processing
Sintering produces pure metal parts that are ready 
for use. Tolerances of  the surface quality may require 
further post-processing methods, such as polishing, 
milling, heat treating, and coating.

Shrinkage

As individual metal particles coalesce into a solid mass, a reduction 
in the part size occurs, which is referred to as shrinkage. Anisotropic 
shrinkage occurs during the D&S process and is approximately  
16 % in the X- and Y directions and 20 % in the Z direction. The 
figure on the right provides an example of typical part shrinkage 
from a green printed state to the fully sintered white part. Oversize 
factors are applied during the design stage to compensate for geo-
metric changes and printing strategies. The following are general 
shrinkage guidelines under typical printing operations. 

Guidelines
A great part starts with a great design. To enable the highest 
possible quality and performance, Ultrafuse 316L parts should 
be designed to exploit their advantages and avoid the limitations 
of both FFF and D&S.

It is recommended to rework 
threaded holes regardless of 
printing direction or size. The 
diameter of the hole should be 
reduced to the diameter of the 
core hole so that the thread can 
then be re-tapped.

Parts requiring high tolerances may take advantage of traditional metal 
working methods to produce functional faces. Green state machining 
enables dramatic reductions in machining costs and capital investment 
due to Ultrafuse 316L’s high machinability in the green state. 

The tool holder seen above was printed and sintered. After sintering, 
the supports were removed and higher tolerance features were finished, 
followed by tapping.

Before polishing After polishing

Even before the component design begins, 
process steps influence each other, such as the 
print direction, extrusion width, and layer height.

7 8
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Shrinkage Definitions and Examples Shrinkage Definitions and Examples

Shrinkage & Oversizing Factor 
Equations & Examples

Catalytic debinding removes the primary binding materials of Ultrafuse 316L. Once debound, the part 
is referred to as “brown”. Brown parts are comprised of tightly packed metal powder. During sintering, 
the metal particles fuse together, resulting in an overall reduction of the part size.   

S = Shrinkage (A measure of the reduction in size from green to sintered)

OFS = Oversizing factor (The amount to scale up a green part to produce the desired sintered part)

Typical Ultrafuse 316L shrinkage and oversizing factors:

Sx ≈ Sy = 0.16 or 16 %

Sz = 0.2 or 20 %

OFSx ≈ OFSy = 1.20 or 120 %

OFSz = 1.26 or 126 %

How to convert between shrinkage and oversizing factors:

(eq. 1) S = 1 – 
Ls

Lg

– (eq. 2) OFS = 
Lg

Ls

– (eq. 3) OFS = 
1

1 – S
– (eq. 4) Lg 

=
 1 – S
–

Ls

where:

Ls = the length of the sintered part (in mm) Lg = the length of the green part (in mm)

Lgxy = 11.98 mm

Lgxy=
Lsxy

1 – Sxy

– =
10

1 – 0.165
– Lgz= 

Lsz

1 – Sz

– =
10

1 – 0.205
–

Lgz = 12.58 mm

Scale up the 10 mm cube in 
your slicer by:

X = 120 %

Y = 120 %

Z = 126 %

Example 2

To obtain a 10 mm sintered cube, the green part needs to be:

X = 12 mm   Y = 12 mm     Z = 12.6 mm

Result 1

X = 12 mm

Y = 12 mm

Z = 12.6 mm

Result 2

You want to make a 10 mm cube, what should the X, Y, & Z 
dimensions of the green part be? Using the shrinkage equation 4:

Example 1
Wall Thickness & Slicing

The hexagonal sections have a wall thickness of 1.05 mm; with an extrusion width of 0.35 mm as 
shown on the left, three full extrusion widths created the wall structure whereas with an extrusion width 
of 0.40 mm, the slicer is forced to fill the gap with partial movements resulting in a decreased density.

The selection of an appropriate extrusion width (EW) must be calibrated prior to printing because it may 
dramatically affect the material infill and thus the mechanical properties and survival of the thin walls.

Wall Thickness

The wall thickness should be a multiple of the extrusion width, 
but not less than 1 mm. When the extrusion width and wall 
thickness do not match, the inner portions can be left either 
with no infill or partial infill resulting in a lower density and a 
reduced structural stability.

Part Size

3D printing easily allows the production of >100 g parts. Part size is limited 
by the size of the print chamber, debinding, and the sintering oven size and 
brown part stability. The general component size should not exceed 
100x100x100 mm. Typical parts up to 100 mm have been most successful. 
Although achievable, larger parts can suffer from warpage from the build 
plate and often require longer development processes.

Feature Height

A debound but unsintered part has the lowest structural integrity. As the sintering 
process begins, its metallic portions slowly begin to coalesce, providing structural 
strength. To minimize the risk of structural collapse, height-to-width ratios of less 
than 3 to 1 are effective to prevent part collapse.

Example of a logopart.
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Guidelines

When printing, an overhang angle greater 
than 45 ° is easily achievable but may suffer 
from collapse during debinding and sintering 
if not properly supported. Therefore, additional 
support structures, not typically required during 
printing, are necessary to reduce part distortion 
and to avoid collapse. The figure on the right 
provides an example of a full overhang feature 
and its corresponding support.

If horizontal holes cannot be avoided, they 
should be altered as shown on the right to 
minimize ridging and/or the need for removal 
after sintering.

Simplify Support Removal

Thickness and Debinding

The thickest section of a part defines the total debinding time. Additionally, thin walls will debind  
faster; printing parameters such as the nozzle diameter, and EW may lead to the collapse of the thin walls 
during debinding. As the debinding process progresses, thinner sections may experience full removal of 
the binder, while thicker sections will require longer process times to fully remove the binder.

Supports

Print parts as flat as possible and add as much support as possible to increase the survivability of parts during D&S. 
As with typical FFF part printing, overhangs are a critical concern when using Ultrafuse 316L. During the transition 
from debinding to sintering, structural stability is at its minimum. Through the strategic use of part orientation and 
support structures in the printing and post-processing phases, part collapse and deformation can be significantly 
reduced.

To minimize the need for post-pro-
cessing, divide the support structure 
into individual segments by chamfering 
for manual removal during slicing.

Are you ready? 
What’s your next project?

Transition

Thermal stresses during D&S may intensify and exaggerate layer delamination or cracking present in the 
green part and may be amplified by notches or abrupt cross-sectional changes. The addition of fillets or 
chamfers have been shown to reduce part cracking and increase part fidelity. If part geometry constraints 
limit redesign, the print orientation can often be adapted to reduce geometric distortion.

Circular features are best produced when their axis of rotation is in line with the print 
direction. Typical FFF printers provide dimensional accuracies of the order of the extrusion 
width. For an extrusion width of 0.35 mm, typical dimensional accuracies in the XY plane 
are approximately ±0.35 mm. Layer height is directly related to the accuracy and the level 
of feature fidelity achievable and is mostly dependent on the printer used. The relation 
between layer height and dimensional accuracy is most pronounced for circularity.

Green part Brown partUltrafuse 316L A beautiful metal part
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Forward AM 
Forward AM: With innovative material solutions for a broad variety of 3D printing technologies 
and integrated engineering services, BASF 3D Printing Solutions GmbH accelerates the 
industrialization of additive manufacturing by developing new applications in close collaboration 
with various industry partners. We leverage BASF’s know-how for materials, applications, 
customer needs and scale-up possibilities. This leads to accelerated and tailored solutions for 
customers.

Service and Support

The data contained in this publication are based on our current knowledge and experience. They do not constitute an agreed contractual quality of the product and, in view of the many factors that 
may affect processing and application of our products, do not relieve processors from carrying out their own investigations and tests. The agreed contractual quality of the product at the time of 
transfer of risk is based solely on the data in the specification data sheet. Any descriptions, drawings, photographs, data, proportions, weights, etc. given in this publication may change without 
prior information. It is the responsibility of the recipient of our product to ensure that any proprietary rights and existing laws and legislation are observed (11/2019). ® = registered trademark of 
BASF group in many countries.
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Our comprehensive portfolio

 Metal Solutions
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Contact
BASF 3D Printing Solutions GmbH 
Speyerer Str. 4 | 69115 Heidelberg | Germany

sales@basf-3dps.com
Phone: +49 6221 67417 900
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