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Able to achieve quicker build speeds and lower cost per part than its 
rival technologies, metal Binder Jetting (BJT) has generated increasing 
interest and rapid industry investment over the past two years. But while 
many engineers are now becoming familiar with the principles of design 
for Powder Bed Fusion AM, design for BJT is less widely understood. In 
this article, Olaf Diegel and Terry Wohlers attempt to demystify some of 
the key factors that must be considered when designing parts for BJT. 

Design for Additive 
Manufacturing (DfAM): Binder 
Jetting Technology demystified

Fig. 1 Gears produced in 17-4PH stainless steel using ExOne’s metal Binder 
Jetting technology (Courtesy The ExOne Company) 

Over the past two years, a lot of 
interest has developed in the use of 
metal Binder Jetting (BJT). Desktop 
Metal, HP Inc. and others have 
generated much of the attention 
this class of AM technology is 
getting. While some may be under 
the impression that metal BJT 
is a relatively new AM process, it 
has been commercially available 
for nearly two decades from The 
ExOne Company. Höganäs’s Digital 
Metal was second to make its BJT 
technology available, first as a 
service and more recently by selling 
machines.

BJT offers some potential 
advantages over alternatives such 
as metal Powder Bed Fusion (PBF), 
with cost being one of them. Taking 
everything into account, the cost per 
part can be lower for small parts 
produced by BJT. Build speed, too, 
is fast compared to some competing 
AM technologies, which also factors 
into its lower cost. BJT may offer 
cost and speed advantages, but one 
needs to consider other factors, 
such as the part shrinkage that 
occurs during sintering. Depending 
on the process, metal and method 

used, shrinking can range from 3% 
to more than 20%. Because errors 
from shrinkage magnify with size, 
and controlling it is difficult, users 
of BJT tend to favour the technology 
for the production of small parts. 
Porosity and structural integrity are 
also considerations in BJT.

How metal BJT works

A layer of metal powder is deposited 
onto a build platform and a liquid 
binder is then applied using an 
inkjet nozzle to form the shape of 
a slice of the part design. Where 
the binder is applied, the powder 
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used to produce details as small 
as 1 mm, but these features are 
difficult to handle without damaging 
them. This applies to both features 
and text on a part.

2. The ‘green’ state  
After the building phase is 
complete, the parts are in a fragile 
‘green’ state. It is important to 
consider the design of a part to 
ensure it can be handled during this 
temporary but critical phase. Green 
parts can be picked up, but they 
have little strength and can easily 
be broken.

3. Powder removal 
Loose powder around the parts 
is carefully removed by brushing 
and/or vacuuming as part of a 
depowdering process to fully expose 
the green parts.

4. Debinding and the ‘brown’ state 
In the case of most BJT systems, 
a debinding process is needed to 
remove the main part of the binder 
system. The parts are placed in a 
furnace to burn away the binder, 
resulting in ‘brown’ parts. These are 
extremely fragile and will crumble if 
touched. 

5. Sintering 
The parts are heated in a furnace 
until the particles of the metal 
sinter and form a solid. Significant 
shrinking occurs with during 
this phase, but the result is a 
homogeneous part. Sintered BJT 
parts typically have some internal 
porosity, and are often around 97% 
dense. This means their as-sintered 
mechanical properties are inferior 
to the same material in wrought 
form. As a point of comparison, 
metal PBF parts can be 99.5% 
dense. It is common, however, 
for high volumes of sintered 
parts produced by Metal Injection 
Moulding (MIM), technically similar 
to metal Binder Jetting, to undergo 
Hot Isostatic Pressing (HIP) to 
produce full dense parts. There is 
little reason why this step cannot 
also be applied to BJT parts, should 
the application require it. 

Once a green part has been 
produced, an alternative to 
sintering is infiltration by a second 
material, such as bronze. The lower 
hardness of these materials makes 
it easier to machine and polish 
them. They can also exhibit useful 
corrosion resistance properties.

When processing in this way, 
sprues and stilts need to be 
added to the part design to serve 
as passages that allow a molten 
metal to infiltrate. Since they are 
still in a green state and fragile, 
they are fully surrounded with 
sand, which acts as a temporary 
support material. The model is 
then infused with bronze at a high 
temperature, resulting in parts that 
are a two-alloy matrix. In the case 
of a stainless steel/bronze part, 

A well-established technology variant:  
Binder Jetting and infiltration to produce matrix 
materials such as ~ 60% stainless steel and ~ 40% 
bronze

the material ratio will be in the 
range of 60–70% stainless steel and 
30–40% bronze. Infiltrated parts will 
typically be about 90% dense. 

The sprues and stilts typically 
have a surface area of about 
1–1.5 mm where they connect 
to the part, so the artefacts left 
by these stilts and sprues after 
infiltration require finishing, usually 
by machining. Any residual powder 
around the model is removed by 
blasting it with air. Care must 
be taken to not damage delicate 
features.

As the infiltration process can be 
labour intensive, its opportunities 
for high volume production may be 
limited, compared to Binder Jetting 
followed by conventional debinding 
and sintering. 

The bronze infiltration process (Courtesy The ExOne Company)

Sand as 
support 
material

Green 
part

Stilt

Runner/Sprue

Bronze powder infiltrates the green part 
through capillary action when melted

particles in the layer bond together. 
The build-platform is then lowered, 
a new layer of powder spread on top, 
and the process repeates until the 
part geometry is completed within 
the powder bed. After completion, 
the build platform is raised and the 
loose powder removed. Green parts 
must then be sintered into solid metal 
parts.

The BJT process involves the 
following steps and considerations:

1. Binder Jetting 
A machine deposits thin layers of 
metal powder onto a build platform 
and applies a binder (i.e., liquid glue) 
layer by layer. The minimum feature 
size for metal BJT is typically in the 
range of 2 mm. The process can be 
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Is shrinking the curse of 
metal BJT?

It is important to understand that 
parts shrink, often significantly, 
during the sintering step to 
consolidation to near full density. 
This is one of the biggest factors to 
consider when using BJT for produc-
tion. The level of shrink will vary 
between various systems, depending 
on the volume of binder used. The 
MIM industry learned to embrace 
this aspect of the technology over 
several decades and successfully 
produces hundreds of millions of 
parts annually for everything from 
superalloy stator vanes to the stain-
less steel buttons for smartphones. 
In BJT, the software provided by 
machine manufacturers attempts 
to compensate for shrinkage in 
the CAD model, but many external 
factors contribute, including the 
part design and sintering furnace 
parameters. 

Proper part size and design 
makes a big difference

Some companies recommend BJT 
only for small parts, typically less 
than 5 x 5 x 5 cm. Suppose a part 
measures 10 mm in length and 
dimensional error from shrinkage is 
1%. The resulting error is 0.1 mm, 
which may be within an acceptable 
tolerance. If a part is 300 mm in 
length, the error from shrink is 
3 mm, which is less likely to be 
within an acceptable tolerance. The 
silver lining to this cloud is that 
when a part shrinks, extremely 
small features also shrink, effec-
tively increasing resolution. In this 
way, you are able to plan for details 
that are finer than is otherwise 
possible, with improved surface 
resolution. 

Part design is a factor that a 
designer can control. The key design 
guideline for BJT is to avoid large 
masses of material or uneven wall 
thicknesses. These can cool at 
different rates, so they are more 
likely to cause the part to distort or 
shrink unevenly. 

Fig. 2 Round all ‘knife’ edges to help prevent them from breaking, and fillet 
internal corners to avoid stress concentrations

Fig. 3 Simple filleting reduces both stress concentrations and residual stress

Stress concentration crack

Uneven thickness at corner, 
resulting in risk of residual stress 

and deformation

Filleted corner reduces risk of stress 
concentration and residual stress
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BJT does not have the same 
support material requirements for 
overhangs or down-facing surfaces 
as PBF. Consequently, the down-
facing surface quality of BJT parts 
is typically better. Gravity, however, 
is the enemy during sintering and 
whilst PBF-style supports are not 
required, some designs may need 
to be adapted with reinforcements 
against slumping when sintering. 

Fillet and round everything
A general design guideline is to 
avoid sharp edges. If possible, fillet 
and round all internal and external 
corners. Sharp external corners 
and knife edges can chip and crack 
when depowdering, handling, or 
heating while parts are in their green 
state. Rounding the edges with at 
least a 0.5 mm fillet prevents parts 
from breaking (Fig. 2). If required, 
sharp edges can be recreated when 
post-processing the parts.

Internal corners are where stress 
concentrations occur, so filleting 
them reduces the problem and 
improves the overall structural 
strength of a part. Stress concentra-
tions may cause a part to fail 
prematurely and residual stress 
may cause distortion in a part when 
sintering.

 In the simple part shown in 
Fig. 3, the sharp internal corner may 
cause a stress crack. Also, the sharp 
corner has a larger mass of material 
than the horizontal and vertical 
walls, resulting in residual stress 
that can cause the wall to distort. 
A filleted corner and an even wall 
thickness reduces the possibility of a 
stress fracture.  

Fragile metal BJT parts 
Until parts have been fully sintered, 
green BJT parts are very fragile, 
so the entire design must take this 
into consideration. Poor design may 
result in parts being damaged during 
handling, e.g. to move to a debinding 
unit. Because of this temporary 
fragility, certain shapes and 
geometric features cannot be used. If 
they are, a part may be built without 
a problem, but you may not be able to 
handle it in its green state. It is often Fig. 6 For horizontal holes, use a teardrop or diamond shape whenever possible

Fig. 4 Make parts strong enough to handle in their green state

Fig. 5 The stem design in the lowest image offers the greatest chance for 
success

Thin stem may not 
be strong enough 
to support large 
mass of material

Reinforcements for 
stem will need to 
be removed after 

sintering

Thicker stem requires no 
reinforcements and fillets to 

prevent cracking
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necessary to include strengthening 
ribs or walls in a design that support 
handling (Fig. 4). 

Fig. 5 shows three different 
designs of the same part, with 
significant differences in the stem 
design for greater green strength. 

 
Horizontal holes
With BJT, building parts with circular 
horizontal holes can be problematic 
because the weight of the material 
above the hole will compress its 
shape downward during the sintering 
process. This is particularly severe 
when large masses of material are 
above the hole. If a distorted pipe is 
straight, it can be made round by a 
subsequent drilling operation. If the 
pipe is curved, achieving a round hole 

can be difficult. For this reason, it is 
better to use teardrop or diamond-
shaped holes whenever possible.

In general, round holes larger 
than 6 mm in diameter may distort 
heavily, so teardrop or diamond-
shaped holes are recommended 
(Fig. 6). The smallest horizontal holes 

that can be additively manufactured 
with BJT are about 0.7 mm when 
infiltrating bronze. For fully-sintered, 
homogeneous parts, the smallest is 
1.2 mm. Average powder particle size 
also plays a role in the hole size that 
is achievable.

Additional thoughts

BJT can be less expensive for 
producing relatively large volumes of 
small parts, compared to PBF. When 
using laser-based PBF in particular, 
parts cannot be stacked or nested 
easily, which is possible with BJT. This 
makes it possible to use a machine’s 
entire build volume by stacking parts 
in the vertical direction. The build 

speed of BJT is also typically faster 
than with PBF. If plenty of sintering 
furnace capacity is available for the 
green parts, the overall production 
time is attractive.

It is impossible to conclude 
whether BJT or PBF are better 
or worse because both have their 

benefits, pitfalls, and design consider-
ations. Both require strong knowledge 
of the process and material to 
design for an optimum outcome. 
BJT is relatively new for production 
applications where structural integrity 
is important, however those familiar 
with MIM can call upon that industry’s 
experience and research. PBF is 
being used much more extensively for 
production, even for some structural 
applications. The key is to understand 
the idiosyncrasies of each process 
and where they can add value to make 
the process commercially viable.
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“It is impossible to conclude whether BJT 
or PBF are better or worse because both 
have their benefits, pitfalls, and design 

considerations. Both require strong 
knowledge of the process and material to 

design for an optimum outcome.”
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Industry events

Space Tech Expo Connect
August 10-13 - Digital Event
www.spacetechexpo.com

3D Printing Asia Zone (Asiamold)
August 11-13, Guangzhou, China
https://asiamold-china.cn.messefrankfurt.com/
guangzhou/en/programme-events/3d-printing.html

PM China 2020
August 12-14, Shanghai, China
http://en.pmexchina.com

PM Life - Additive Manufacturing Module
August 24-28, Dresden, Germany
www.pmlifetraining.com/about/additive-manufacturing

Formnext + PM South China
September 9–11, Shenzhen Shi, China
https://formnext-pm.hk.messefrankfurt.com

Manufacturing World Nagoya 2020
September 9-11, Nagoya, Japan
www.japan-mfg-nagoya.jp/en-gb.html

EPHJ Trade Show
September 15-18, Le Grand-Saconnex, Switzerland
https://ephj.ch/en

Metal Additive Manufacturing Conference 2020
September 30-October 2, Vienna, Austria
www.mamc2020.org

Events guide

2020

Download our app for Apple 
and Android devices...

EBAM 2020 – International Conference on Electron 
Beam Additive Manufacturing
October 5-7, Erlangen, Germany
www.ebam.fau.de

Euro PM2020 Virtual Congress
October 5–7 - Digital Event
www.europm2020.com

3D Print Congress & Exhibition 
October (TBC), Lyon, France
www.3dprint-exhibition.com/en/

AM Summit 2020
October 27, Kastrup, Denmark
www.amsummit.dk

Formnext
November 10-13, Frankfurt am Main, Germany
www.formnext.com

ASTM International Conference on Additive 
Manufacturing
November 16-20, Orlando, FL, United States
https://amcoe.org/events/astm-international-
conference-on-additive-manufacturing-astm-icam

Space Tech Expo Europe
November 17-19, Bremen, Germany
www.spacetechexpo.eu

Additive Manufacturing for Medical Devices
December 1-2 - Digital Event
www.pharma-iq.com/events-additive-medical-devices-
online

AMTech Expo
December 9-10, Mumbai, India
https://amtechexpo.in
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Metal AM magazine is dedicated to driving awareness and development of metal Additive Manufacturing 
and its related technologies. Key to this aim is our support of a range of international partner 
conferences. View our complete events listing on www.metal-am.com

MAPP 2nd International Conference
January 13-14, Abingdon, United Kingdom
www.mapp.ac.uk/events/mapp-2nd-international-
conference

Additive Manufacturing Strategies 2021
February 9-12 - Digital Event
www.additivemanufacturingstrategies.com

MIM2021
February 22-24, West Palm Beach, FL, United States
www.mim2021.org

5th Additive Manufacturing Forum 2021
March 11-12, Berlin, Germany
www.am-forum.eu

AMUG 2021
March 14-18, Chicago, IL, United States
www.amug.com

Hannover Messe – Home of Industrial Pioneers
April 12-16, Hannover, Germany
www.hannovermesse.de

Rapid + tct
April 26-29, Chicago, IL, United States
www.rapid3devent.com

Space Tech Expo USA 2021
May 10-12, Long Beach, CA, United States
www.spacetechexpo.com

HI-AM Conference 2021
June 1-2, Halifax, Canada
www.nserc-hi-am.ca/2021

Events guide

2021

and access all our 
back issues for free!

PowderMet2021 & AMPM2021
June 1-2, Orlando, FL, United States
www.powdermet2021.org & www.ampm2021.org

TCT 3SIXTY
June 29 - July 1, Birmingham, UK
www.tct3sixty.com

EPMA Powder Metallurgy Summer School
July (TBC), Ciudad Real, Spain
www.summerschool.epma.com

AMTC4

October 12-14, Aachen, Germany
www.munichtechconference.com

Euro PM2021
October 17-20, Lisbon, Portugal
www.europm2021.com
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“I can print with the  
geometry that I want to use,  
rather than use a design that 
compromises aerodynamics,  
but is AM friendly.”

Chad Robertson, Senior Engineer  
Hanwha Power Systems Americas

VELO3D SupportFree capabilities enable engineers to print an 
expanded range of designs and parts without supports, complex 

orientation rules, or manual customization of parameter sets.  
This widens the application space available for additive 

manufacturing, opens the opportunity for direct part replacement of 
existing designs, and creates greater geometric freedom on new designs.
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WATCH THE VIDEO

•  Advanced 3D printing of ultra-fine MIM metal powders

•  Largest metal binder jetting system available today

•  3D prints more than a dozen metals, ceramics and composites

•  Exclusive technology for industry-leading density, repeatability

•  Quality 3D printing with fast speeds topping 10,000 cm3/hour

BIG METAL PRODUCTION
T h e  X 1  1 6 0 P r o

  

LEARN MORE
exone.com/metal3d

NEW
ExOne’s 10th metal 3D printer

http://exone.com/metal3d
https://www.youtube.com/watch?v=y6cOkDoRk5U

