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Vacuum sintering of stainless steels:
how to choose the right sintering at-
mosphere

Nowadays several technologies rely on
sintering to transform porous, fragile parts
into sturdy, fully dense components: from
powder pressing to metal injection moul-
ding, moving to binder jetting additive ma-
nufacturing and metal FDM (Fused
Deposition Modelling).

Stainless-steel components represent a
large part of the market for sintered parts;
they can be produced using any of the
technologies mentioned above and have
a wide variety of applications such as au-
tomotive, biomedical industries, mechani-
cal and fashion.

Among the most widespread stainless
steels used for sintering are the 304L,
316L, 440, 410 and 17-4 PH, which are
chosen for their mechanical properties to-
gether with their exceptional corrosion re-
sistance.
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In this article we are going to discuss how
sintering parameters, and especially the
sintering atmosphere, may affect the qua-
lity achievable from sintered stainless-
steel parts.
We’ll analyse the three gas options, and
we’ll see that in some circumstances there
are interesting solutions that can fit your
needs.

Introduction to Vacuum Sintering

The atmosphere plays an essential role in
the successful outcome of the sintering
process, for this reason the sintering at-
mosphere must be carefully selected in re-
lation to the material and the final
application.
Sintering under vacuum (which is in fact a
reducing atmosphere) has several advan-
tages:

Bright parts after sintering.
Lack of oxidation and/or atmosphere

contamination.
Precise setting and monitoring of the

process parameters.

Some material must be sintered under va-
cuum with pressure ranging between 10-
2 millibars and 10-4 millibars. Those are,
for example, the best condition for sinte-
ring extremely reactive materials, such as
titanium.
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However, most of the sintered materials
requires atmospheres enriched with inert
gases, which is also the case for stainless
steels.

The starting condition is always a cold fur-
nace that has reached the proper vacuum
level, which is then backfilled (partial pres-
sure or over-pressure) with inert gas. This
leads to the following benefits:

The depletion of alloying elements can
be avoided (i.e. chromium and manga-
nese).
The elimination of residual binder is

eased by a continuous flow of gas, which
is constantly pumped out of the furnace
chamber.
The oxygen content on the parts can be
controlled by exploiting the reducing ca-
pacities of the process gases used and/or
of the vacuum itself.
The carbon content of the processed

parts can be controlled.

Process gas for vacuum sintering of
stainless steel

The gases used as a protective atmos-
phere inside a vacuum furnace are most
commonly:

Nitrogen: it is an inert gas and the less
expensive among the process gas, for this
reason it is widely used for sintering appli-
cations.
Argon: it is more expensive than the ni-
trogen therefore it is chosen as an inert
gas mostly when the processed material
is nitrogen sensitive.
Hydrogen: it is the most expensive

among the listed gases and has safeties
implications for both the furnace and the
installation site of the furnace itself. Ho-
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wever, hydrogen is an extremely reducing
agent.

If we focus on the sintering of stainless
steels, all the of the above-mentioned at-
mospheres are viable choices.

Let's briefly delve into the topic, highligh-
ting the pros and cons of the 3 process
gases.

Nitrogen

Nitrogen is soluble in the steel matrix and
act as a solid solution strengthening in
austenitic stainless steels.

Nitrogen can form nitrides at high tempe-
rature.
Focusing on stainless steel, chromium ni-
trides precipitation can affect the corrosion
resistance of the part by forming sensiti-
zed regions that act as corrosion initiator.

For this reason, high cooling rates are
often adopted after sintering in nitrogen to
minimize the phenomena.

For some stainless steels, nitriding during
the sintering process is a requirement to
obtain the desired properties and micros-
tructure. This is, for example, the case of
the nickel free stainless steel
X15CrMnMoN17-11-3 (Catamold ® PA-
NACEA) that is usually sintered using a
high partial pressure of nitrogen of around
700 mbar.

Argon

Usually, pure Argon is not an optimal for
processing stainless steel. In fact, Argon
is not soluble in the steel matrix, and may
generate porosity due to the gas trapped
inside the part.



Hydrogen

Hydrogen is widely used for the sintering
of stainless steel due to its ability of redu-
cing oxides, thus helping to obtain clean
parts.

Hydrogen also plays an important role in
the carbon control of the parts by remo-
ving the residual carbon left by the binder
itself at the end of the binder burnout
(since binders typically used in powder
metallurgy are carbon based).
Hydrogen can be used in vacuum fur-
naces with both partial pressure (0,1 – 10
mbar) and with slightly over-pressure
(backfilling with approx. 1.1 bar hydrogen).

However vacuum furnaces operating with
hydrogen require additional safety mea-
sures.
For this reason, specific design solutions
(such as double seals on all the furnace
flanges) and software safeties are adop-
ted.

Despite the increased degree of com-
plexity of the equipment and the higher
process costs, vacuum furnaces operating
with hydrogen over-pressure bring seve-
ral advantages:

Oxygen cannot enter in the furnace
under any circumstance since the furnace
is pressurized.
There are more reactive hydrogen mo-

lecules available in the furnace compared
to partial pressure atmosphere, therefore
maximizing the reductive power.

Hydrogen mixtures, a valuable alternative

Under some circumstances, the use of
inert gas (nitrogen or argon) and hydrogen
mixtures can be a good trade-off.

In fact, they retain some of the reducing
capability specific of pure hydrogen at-
mosphere while lowering the operating
and investment costs.

Moreover, mixtures of inert gases with low
hydrogen percentage (>5.5 mol% hydro-
gen in nitrogen and >3 mol% hydrogen in
argon) can be used without implementing
the safety measures that are required with
hydrogen over-pressure.

Argon-based mixtures are typically prefer-
red to avoid chromium nitrides precipita-
tion during cooling when high cooling
rates cannot be achieved, while Nitrogen
ones are used for all the other cases.
Conclusions

All the gas alternatives discussed in this
article are viable choices for the sintering
of the stainless-steel parts, however a tho-
rough analysis is crucial to achieve the
desired properties.

Choosing the right sintering atmosphere
for your process may help you get the best
trade-off between results and operating
costs.

6K Additive Introduces
Ultra-Low Oxygen Tita-
nium Powder Helping
Customers Increase

Quality While Lowering Overall Print
Cost

The availability of 500-700 ppm titanium
powder significantly expands the number
of parts that can be printed from a manu-
factured lot while maintaining material
specifications
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6K Additive, a division of 6K, a leader in
the sustainable production of engineered
materials for additive manufacturing and
lithium-ion batteries announced the im-
mediate availability of ultra-low oxygen ti-
tanium 64 with parts per million range of
500 - 700.

6K Additive’s ability to deliver titanium at
these low oxygen levels at production
scale greatly surpasses what is available
for additive manufacturing today. 6KAddi-
tive’s ultra-low oxygen titanium provides
customers with an extremely high-quality
material that enables them to get additio-
nal print jobs through their additive manu-
facturing systems without sacrificing
quality. The low oxygen Ti64 effectively lo-
wers users’ overall cost for titanium parts
with powder that stays with-in printable
specification longer.

“The global supply chain crisis has caused
volatility in the market for metals like tita-
nium which leads to uncertainty in costs
and availability. Our ability to provide low-
oxygen titanium at production volumes en-
ables our customer to stretch their powder
use well beyond what’s available today,
essentially increasing value and lowering
costs for their Ti64 parts,” said Frank Ro-
berts, president of 6K Additive.

Mark Barfoot, director of AM programs at
EWI commented, “When we talk to Ti64
users in the market, quality always is top
priority with costs following a close se-
cond. Increasing the value of their Ti64
purchase by extending the life of the pow-
der with more uses is a definite win.”

6K’s UniMelt® platform offers multifaceted
sustainability benefits like no other mate-
rial production platform in the world. 6K
Additive recently commissioned Foresight

Management to conduct a life cycle as-
sessment of both their titanium and nickel
powders. This study was conducted to
quantify the environmental impacts asso-
ciated with the production of printable
metal powders and specifically compare
atomization technology methods to 6KAd-
ditive’s. It was found that for Ti64, 6K’s
UniMelt process at minimum delivered a
74% energy reduction and 78% carbon
emission reduction from traditional pro-
cesses.
In addition to low oxygen (500-700ppm)
Ti64, 6K Additive produces a full suite of
AM powders including Ni718, Ni625,
stainless steel 316/17-4, copper 18150,
GRCOP, refractory powders including
tungsten, tantalum, and rhenium.

About 6K
With sustainability at its core, 6K was
founded in North Andover, Massachu-
setts, has developed UniMelt®, a proprie-
tary advanced microwave plasma
production system, to transform enginee-
red materials into revolutionary products
that advance industries across additive
manufacturing, renewable energy, aero-
space, consumer electronics, and more.
6K represents 6000 degrees, both the
temperature of the operation of UniMelt®,
the world’s only microwave production
scale plasma system, and the tempera-
ture of the sun’s surface.

The 6K Energy division is focused on the
production of low-cost, sustainable, and
domestically produced battery material ac-
celerating the pace of battery production
and adoption of electric vehicles. The 6K
Additive division specializes in sustainably
sourced, AM metal powders production
and reclamation, using a proprietary mil-
ling and cleaning process that ensures
contamination-free, high-quality powders.
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13 NEW VALIDATED MATERIALS AND
OPEN MATERIAL OPTIONS NOWAVAI-
LABLE FROM STRATASYS

Stratasys announces ALM as first sup-
plier of PA12 powder for H350 produc-
tion 3D printer

The OpenAM™ software, including an
open material license, is also now availa-
ble for the Fortus 450mc printer, enabling
printing with exploratory open materials.

“There should be no limits on what’s pos-
sible with 3D printing,” said Stratasys CEO
Dr. Yoav Zeif. “The polymer materials in-
dustry is investing in additive manufactu-
ring like they never have before, and we
want our world-class customers to be able
to take full advantage of those innovations
in chemistry as quickly as possible. Our
hybrid materials strategy does just that,
because the world urgently needs to make
this shift to additive manufacturing at
scale.”

DI Labs is a fast-growing additive manu-
facturing service bureau built by product
development engineers with deep techni-
cal knowledge, making it an ideal global
launch partner and the first beta site for
the OpenAM solution. “Our Fortus 450mc
printer offers us consistent and reliable
printing outcomes but until now, we’ve
been limited by materials,” said DI Labs
CEO Carl Douglass. “We’re proud to have
engineers working directly with the Strata-
sys development team to fine-tune this
new software platform and help optimize
the process of printing with materials like

PEKK, PEEK and others. The OpenAM
software will allow us to unlock endless
opportunities using additive for complex
aerospace, medical device, heavy indus-
trial, and automotive applications.”

13 New Validated FDM Materials
Stratasys is partnering with materials pro-
viders Covestro, Kimya, and Victrex plc to
make Stratasys Validated materials avai-
lable for Stratasys FDM® printers, starting
with the Fortus 450mc. These materials
have been validated by Stratasys with
basic reliability testing to accelerate the
expansion of material options available in
the marketplace. The following FDM ma-
terials are now available for order, and are
expected to ship by early 2023:
• VICTREX AM™ 200: Strong, semi-
crystalline PAEK filament specifically for-
mulated for end-use parts production in
high-requirement industries such as oil
and gas and aerospace.
• Covestro Addigy® PA6/66-GF20 FR
LS: Flame-resistant, glass fiber composite
material that meets EN45545 require-
ments for rail applications. The materials
strength and stiffness is similar to Nylon
12CF.
• Kimya PC-FR: Flame-resistant poly-
carbonate material that meets EN45545
requirements for rail applications and is
specifically designed for end use parts, in-
cluding low-volume production and repla-
cement parts.
• FDM HIPS: An affordable high im-
pact polystyrene-based material for low
requirements applications
In addition, several existing materials are
now available in colors as Validated ma-
terials:
• ULTEM™ 9085 Red, Dream Gray,
White, Jana White, Gunship Gray, Aircraft
Gray: Providing this flame-retardant, high-
performance thermoplastic in several co-
lors opens up more end-use parts
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applications in which aesthetics are im-
portant, such as in aircraft or train car in-
teriors.
• PC Red, Black: Polycarbonate fila-
ment with heat resistance and high dura-
bility for functional prototypes and tooling
applications.
• PCS-ABS Red: Blend of polycarbo-
nate and ABS polymers provides both
heat resistance and flexural strength for a
variety of prototyping and end-use parts
applications.

Access to Third Party Open Materials
for Fortus 450mc
Stratasys also continues to expand the
use cases served by the Fortus 450mc 3D
printer by giving customers access to third
party open materials through an annual
OpenAM materials license, which Strata-
sys provided to Origin® One customers
earlier this year. The software, used in
conjunction with GrabCAD Print or Insight,
provides parameter controls and printer
tuning capabilities for customers who wish
to use open market filaments or newly de-

veloped proprietary formulas. The soft-
ware can also be used to adjust parame-
ters to meet unique customer
requirements for Stratasys Preferred and
Validated materials as well.

Stratasys Selects ALM to Provide PA12
Powder
Stratasys also announced that it has se-
lectedAdvanced Laser Materials (ALM) as
the first provider of SAF PA12 material, for
the H350 3D printer. PA12, also known as
nylon 12, is the single most popular mate-
rial in industrial 3D printing today , provi-
ding geometric accuracy, chemical
resistance, and stiffness for machine com-
ponents, communications industry appli-
cations, and prototyping.

Powder bed additive manufacturing sys-
tems bring special requirements for mate-
rials to address production applications,
and ALM specializes in the engineering,
testing, and manufacturing of high-quality
polymer materials. “Stratasys’ focus on
production, material quality, and process
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repeatability are key value drivers of the
H350 printer,” said Donnie Vanelli, Presi-
dent, ALM. “ALM shines by tailoring pow-
ders for specific applications and
processes, and our collaboration with
Stratasys is important to those customers
scaling their AM production and who will
see a compelling value in the combination
of ALM PA12 and SAF technology – ex-
ceeding their quality expectations.”

Stratasys currently expects to be able
to take orders for SAF PA12 before the
end of the year.

All Stratasys Preferred materials and Vali-
dated materials for Stratasys systems are
available for purchase through Stratasys
and reseller partner channels.

Stratasys is leading the global shift to ad-
ditive manufacturing with innovative 3D
printing solutions for industries such as
aerospace, automotive, consumer pro-
ducts and healthcare. Through smart and

connected 3D printers, polymer materials,
a software ecosystem, and parts on de-
mand, Stratasys solutions deliver compe-
titive advantages at every stage in the
product value chain. The world’s leading
organizations turn to Stratasys to trans-
form product design, bring agility to ma-
nufacturing and supply chains, and
improve patient care.

In terms of overall costs, 3D printing is al-
ways the more economical alternative to
conventional processes up to a certain
batch size, since tool costs are eliminated.
The smaller the batch size, the greater the
cost advantage offered by voxeljet’s tech-
nology. With complex geometries in parti-
cular, 3D printing is the most economical
choice, even in batch sizes of several hun-
dred units, although it cannot replace clas-
sic mold construction in large series.
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The other benefits range from shorter pro-
duction times to less post-processing work
for the unfinished cast parts. The same
essentially applies to investment casting,
where 3D-printed plastic models have re-
placed classic wax models, which are very
time-consuming and expensive to pro-
duce with injection molds.

Printed sand molds for metal casting

In contrast to the conventional manufac-
ture of molds, in which the production of
model plates or core boxes alone can take
several weeks, 3D printing makes it pos-
sible to print even complex sand molds
usually overnight or in just a few days. The
molds are created without expensive mold
set-ups, and are produced in a fully auto-
mated process purely based on CAD data
in a layering process, in which 300-micro-
meter quartz sand layers are applied re-
peatedly and selectively glued together
with a binder, using the system’s print
head. After the printing process is com-
plete, the mold only has to be unpacked
and cleaned of excess sand—that’s all.
Since the sand molds are produced di-
rectly on the basis of CAD data, they set
the standard where rich detail and preci-
sion are concerned.

Along with a shorter production time, des-
ign freedom is also far less limited than in
conventional manufacturing. Designs can
be made true to their structure without ha-
ving to watch for draft angles, separating
lines or undercuts. Even molds that are
modified during the testing phase can be
printed immediately in accordance with
the new CAD data, without time-consu-
ming tool modifications. Moreover, gating
systems can be customized individually to
parameters such as casting pressure,
thus avoiding turbulence and increasing
quality.

Combination of 3D-printed cores and
classic mold construction

Whenever suitable, innovative foundries
today rely on a combination of 3D-printed
cores and molds produced with conven-
tional methods. This approach is a good
choice, among other things when produ-
cing complex cores with undercuts, which
are required for impellers, for instance.
The cores can be printed in the 3D printer
and subsequently integrated into the
conventional mold. The benefits include a
smaller number of parts and a much less
laborious mold construction process,
since the method eliminates the time-
consuming, conventional production and
assembly of the complex cores and also
minimizes subsequent remachining.

Another interesting alternative that expe-
rienced die-casters select with increasing
frequency is to produce the time-consu-
ming molding tools and 3D-print the sand
molds in parallel. Since the printed sand
molds are available immediately, initial
parts can be cast for test purposes in
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order to optimize the tools under construc-
tion. In many instances, this variant is fas-
ter and more cost-effective than classic
mold construction alone.

3D printing and classic mold construction
are equal when it comes to mold stability
and strength. With adjustable values bet-
ween 220 and 380 N/cm2, the bending
strength that can be achieved in the laye-
ring process is in the same range as the
strength of cores produced with conven-
tional methods.

High-precision melt-off models for in-
vestment casting

In addition to printing sand molds, more
and more foundries also rely on models
produced with the 3D printer for invest-
ment casting. This method facilitates the
easy and straightforward production of
wax models. Even though these models
are no longer made from wax, but rather
from plastic, this does not have any bea-
ring on the subsequent process steps.
The production of PMMA models in 3D
printers is easy enough: they are printed
exactly according to CAD data. To in-

crease the quality of the melt-off process,
the plastic models are also infiltrated with
wax, which creates a particularly fine-
pored and homogeneous surface.

Benefits of 3D printing for investment
casting

In addition to producing models cost-ef-
fectively and without tools, the method
also earns points with impressive time sa-
vings. The voxeljet service center can thus
provide models in dimensions of up to
1,000 x 600 x 500 millimeters in just a few
workdays. Of course, the large job box
can also be used to print complete small
batches in a single print job. The subse-
quent investment casting operations are
identical whether one uses classic wax
models or 3D-printed models.

High Speed VX2000 for Scandinavia’s
fastest foundry

Eight years ago, Ville Moilanen probably
wouldn’t have thought, that in 2021 he
would operate the largest 3D printer for
on-demand production of sand molds and
cores in all of Scandinavia. But what was
once his vision, is now his reality.

He now runs Hetitec Oy, one of the most
modern and fastest foundries in Europe,
equipped with state-of-the-art technology
for additive manufacturing, simulation and
metal casting. With in-house foundry ca-
pabilities in steel, iron and aluminum al-
loys, Hetitec can produce castings within a
week thanks to the Printed Casting tech-
nology. Post-processing and quality assu-
rance included.

Printed Casting describes the process of
3D printing and casting highly complex
molds. With this hybrid approach, the ad-
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vantages of 3D printing, means geometric
freedom and the cost benefits of conven-
tional manufacturing can be combined.
The way to self-employment and a new
age of metal casting

In 2008, Ville Moilanen joined what was
then voxeljet technology GmbH in Augs-
burg as a mechanical engineer. Among
other things, he supervised the establish-
ment of the on-demand center at voxeljet
and was responsible for sales in the Scan-
dinavian market.

In exchanges with customers, he learned,
that the average delivery time for castings
in Finland is over three months, and this
despite the fact that there are many large
industrial companies in Finland operating
in sectors such as mechanical enginee-
ring, energy supply and shipbuilding etc.
Industries that usually have a high de-
mand for castings, especially for prototype
parts.

The reason for these long lead times is,
that the Finnish foundry industry is mainly
designed for the production of serial pro-
duction with traditional methods, supple-
mented by the fact that there is also an
acute shortage of skilled foundry engi-
neers. In many foundries, engineers are
so occupied with serial orders that they
simply do not have the time to work on
small to medium batch sizes.

These market deficits were taken to heart
by Ville Moilanen in 2012, when he deci-
ded to move back to Finland to start his
own business with Hetitec Oy in the Pir-
kanmaa region, close to the city of Tam-
pere. In 2013, he finally opened his center
for 3D printing of sand molds and cores.
Back then he invested in a VX1000 from
voxeljet and 3D prints Furan molds and
cores for customers on demand.

For several years, Hetitec pursued this bu-
siness model until 2018, when Hetitec de-
cided to scale up, expand and transform
the business model into a highly speciali-
zed foundry.
Hetitec’s unique idea: let’s build a foundry
around the 3D printer and not just include
a 3D printer in a foundry. All with a clear
focus: fast castings.

STRATASYS MAKES STRATEGIC IN-
VESTMENT IN AXIAL3D

Companies plan strategic partnership to
bring 3D printed anatomic models to
mainstream adoption for point of care ins-
titutions and medical device OEMs

Med-tech startup Axial3D has announced
the closing of a $15 million investment
round led by a strategic investment of $10
million from Stratasys Ltd. (NASDAQ:
SSYS), a leader in polymer 3D printing so-
lutions. This is Stratasys’ first investment
in Axial3D. The two companies also will be
providing a joint offering to make patient-
specific 3D printing solutions for hospitals
and medical device manufacturers more
accessible so it becomes a mainstream
healthcare solution.

Personalized 3D printed anatomic models
are used for pre-surgical planning and
diagnostic use to improve patient out-
comes while shortening time spent in the
operating room. They are also used in
education and training, and medical de-
vice development. Creating a 3D printed
model from a patient’s scan data normally
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takes several hours and requires a high
level of technical expertise and expensive
software licenses.

Axial3D’s artificial intelligence-powered
algorithms enable healthcare providers to
segment CT and MRI scans for these mo-
dels without significant investments in
time, specialized skills and large upfront
costs.

The company’s J850™ Digital Anatomy™
3D printer enables medical customers to
create models that not only accurately re-
present the appearance of human tissue
but are also biomechanically realistic while
suturing, cutting, or inserting and de-
ploying medical devices. A range of Stra-
tasys printers and materials have been
validated and FDA 510(k) cleared with
Axial3D software to produce anatomic
models for pre-operative surgical planning
and diagnostic use across multiple spe-
cialties.

“We are proud to be partnering with Stra-
tasys, and have always believed in their
technology and, more importantly, their vi-
sion for 3D printing in healthcare,” said
Axial3D CEO Roger Johnston. “We be-
lieve that to move the industry from early
adopters to the mainstream, we need to
improve the accessibility of models for
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Patient-specific 3D-printed anatomic model of a
large tumor of the right nasal cavity. The patient
scan data was prepared for 3D printing using
Axial3D's software and then 3D printed by Stra-
tasys.

https://3dscout.de/


healthcare so hospitals and medical de-
vice manufacturers can scale their patient-
specific programs. Our joint offerings will
be the positive, disruptive catalyst that
medical 3D printing needs to address 3D
printing accessibility.”

Stratasys has estimated the opportunity
for medical 3D printing at approximately
$2.8 billion.
“Many of the world’s leading hospitals are
already benefiting from our MediJet and
Digital Anatomy 3D printers for medical
models,” said Dr. Yoav Zeif, CEO of Stra-
tasys. “We believe that by working toge-
ther with Axial3D, we can remove the
barriers to entry for the remaining majority
of hospitals in many countries around the
world, dramatically growing the use of 3D
printing in pre-surgical planning so it is
truly a standard part of patient care. This is
about providing a complete tailored solu-

tion for customers that is fast, automated
and scalable.”

About Axial3D
Axial3D, a leader in medical segmentation
and 3D printing, provides hospitals and
medical device manufacurers access to
an easy to use, fast, affordable way to
transform 2D medical image data into 3D.
Through our 510(k) cleared, cloud-based
segmentation platform, we convert pa-
tients’ DICOM data into accurate and data
rich 3D visualizations, printable files, and
3D models printed with Stratasys print
technology in an efficient and scalable
way.
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3D Printer Patterns & Rapid 3D Proto-
typing Services for Foundries

Integrating a 3D printer into a pattern shop
or foundry creates new opportunities to
disrupt the industry and meet detailed cus-
tomer requests.

Whether leveraging 3D printing for com-
plex foundry patterns, multi-piece core as-
semblies, 3D printing prototype iterations,
or series production, you’ll have more
control over the total printing process, as
well as potentially reduce overhead and
materials cost.
Learn more about how ExOne® can sup-
port established professionals in the foun-
dry industry for a more efficient and
effective casting process.

PumpWorks Castings LLC

Complex Mold Production Reduces
Lead Time by 9 Weeks & Saves Thou-
sands

Customer Challenge

The customer required extremely fast lead
time as well as complicated casting geo-
metry for replacement cyclinders on an old
obsolete compressor. MW Smith DXP En-
gineers, contacted Pumpworks Castings,
LLC about the need for 2 Compressor Cy-
linders on an expedited basis. The chal-
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lenge; reduce lead time from an estimated
17+ weeks down to 8 weeks without too-
ling.

The Solution / ExOne Competitive Ad-
vantage

Using ExOne technology, Pumpworks
Castings, LLC was able to meet the sche-
dule by providing the old obsolete com-
pressor heads to MW Smith DXP in 8
weeks. The complex molds were printed
in about 7 days and it was estimated that
using a traditional wood pattern to make
this complex mold, it would have taken
about 8-9 weeks. By using ExOne tech-
nology, the mold was made ready for the
casting pour in about 1 week versus 8-9
weeks. By printing the complex mold in 1
week, the aggressive delivery of 8 weeks
was met and the compressor repairs were
started.

Specifications
Customer: MW Smith/DXP Longview Part:
Compressor Cylinder
Part size: 46 x 38 x 46 assembled mold
Material: Class 40 Cast Iron
Industry: Gas
Traditional Methods and Pricing
Method: Pattern-based casting/ machining

Total time: 16 - 17 weeks
Tooling costs: $70,000
ExOne® SandPrintingMethod
3D Sand Mold Printing and Casting Print
Media: Silica Sand/Furan Binder Produc-
tion Time: 8 weeks
Tooling Cost: $0

About ExOne

ExOne uses 3D printing to create complex
molds and cores directly from 3D CAD
data for a variety of industries with accu-
racies of ± 0.011 in. (± 0.3 mm). The
ExOne® process achieves geometric
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complexity and scale unmatched using
conventional casting techniques without
the need for a physical pattern. ExOne
produces accurate, uniform cores and
molds rapidly.

We build large scale 3D printers

CEAD delivers technology and helps with
the implementation of large scale thermo-
plastic composite 3D printing solutions
t and steered us into the right direction.
Also the final product was delivered just
as we expected and saved us precious
hours during the production of our car!”

Scaling back production time of auto-
motive autoclave tool from weeks to
days
The challenge

The challenge of this project was to de-
monstrate that 3D printing of an autoclave
tool can in fact be manufactured in a shor-
ter time period, from beginning to end. The
design of the autoclave tool consists of a
double curved surface, representing the
shape of a sports car door.

The AM Flexbot Solution

The AM Flexbot offers the option to com-
bine 3D printing with milling. Printing and
milling is done in the same coordinate sys-
tem. When milling to such high tolerances,
the product normally has to undergo mea-
surement cycles to ensure high accuracy.

However, our print bed ensures a strong
mechanical anchor with the product so it
stays in place.

Smooth surfaces are realized with milling,
after which minimal post-processing is re-
quired. For the tool, Dahltram® C-250CF
is used, one of the many resins from Air-
tech which has been validated on the AM
Flexbot system. Dahltram® C-250CF is a
modified polycarbonate reinforced with
20% carbon fibre, an additive manufactu-
ring polymer suitable for low to medium
temperature autoclave tooling solutions
(121°C). Airtech Advanced Materials
Group has been extruding and compoun-
ding resins for nearly 50 years and has ex-
panded its offering with a line of
technologically advanced and reliable re-
sins for use in additive manufacturing.

The advantages/results

The CAD model, CAM programming, 3D
printing and milling was realised within a
week, instead of multiple. Since all the
programming was done, the second pro-
duction cycle required even less effort and
time.
This shows that this method is not only
suited for single productions, but also for
(small) series. Using the AM Flexbot, not
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only is the duration of the production pro-
cess significantly shorter, it also takes less
manpower and saves on material costs,
compared to traditional tool making pro-
cesses.
Dahltram® C-250CF in use on the AM
Flexbot, offers greater stiffness versus
glass and low warpage for predictable re-
sults. It is a cost effective material that pro-
vides higher strength, higher temperature
performance and higher throughput.

Extensive autoclave testing at Airtech has
shown that 3D printed tooling with Airtech
materials can be used successfully for at
least 350 curing cycles without any signi-
ficant degradation.
They are planning to go up to 500 cycles.

C1000 FLEXMATIC
The C1000 FLEXMATIC,
an authentic industrial
ceramic 3D printing ma-
chine

In our range of 3D printers dedicated to
ceramics, the C1000 FLEXMATIC is des-
igned to meet the industrial challenges of
large-scale production.
Designed to integrate the Smart Ceramic
Factory, it has all the assets to print cera-
mic parts in a semi-automatic line.

A platform that meets theneeds for versa-
tility:
- large parts and series of parts
- 320*320*200 mm;
- A removable tank that allows the in-line
processing of printed parts.
- User-friendly, no engineering skills re-
quired to start a printing run.
- Automation of the recycling process : un-
cured material and automatic cleaning
step.

TEAM PENSKE ADDS STEREOLITHO-
GRAPHY TO ITS LINE UP OF STRATA
SYS 3D PRINTERS

Motorsports leader buys Neo800 3D prin-
ter for better surface finish, throughput
and reliability
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Stratasys announced that Team Penske,
one of the most recognizable and suc-
cessful teams in motorsports, has purcha-
sed a new Stratasys Neo®800 3D printer.
The system is Team Penske’s first stereo-
lithography-based 3D printer from Strata-
sys and will be used to rapidly print scale
model components for aerodynamic tes-
ting.

“As additive manufacturing’s applications
continue evolving in racing, Stratasys
continues to help us rapidly improve race
performance ahead of the competition so
we can turn ideas into parts and get them
onto the racetrack faster than ever before
and with greater reliability than ever be-
fore,” said Matt Gimbel, Production Mana-
ger at Team Penske. “We can now make
parts in ways not possible through tradi-
tional manufacturing.”

The open materials model for the Neo
printers was seen as a key benefit, along
with the high quality of the surface finish
and the reliability of the Neo system, Gim-
bel said. Enabling Team Penske to source
material from any vendor gives the orga-
nization maximum flexibility in material se-
lection. In addition, the large build volume
of the Neo800 3D printer (800 mm x 800
mm x 600 mm) allows them to print larger
parts with less time spent hand sanding,
sectioning and joining parts together for
wind tunnel testing.
“With over 500 wins, Team Penske’s com-
mitment to excellence is unrivaled in the
motorsports industry and achieving new
heights of performance means constantly
asking how things can be done better,”
said Pat Carey, Senior Vice President of
Commercial Development at Stratasys.
“As one of their chief partners in additive
manufacturing solutions, we are commit-
ted to providing more winning solutions
tailored for the racing industry than

anyone else in the industry so Team
Penske can capture more checkered flags
than any other racing organization in the
world.”

This purchase builds on a technical part-
nership dating back to 2017 with Strata-
sys. Historically, Stratasys has provided
Team Penske with a variety of FDM® and
PolyJet™ technology-based 3D printers
for prototyping, tooling, fixturing, and end-
use parts in cars and pit equipment.

With 38 national championships, including
17 in INDYCAR SERIES competition,
Team Penske has often been referred to
as the New York Yankees of motorsports.
The team recently produced single-sea-
son records of 40 victories and 45 pole po-
sitions to go along with three
championships across its five series of
competition around the globe.
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MIM-VAC M™ SERIES 3570

Custom-engineered high temperature, vacuum
controlled atmosphere furnaces designed prima-
rily for 2nd stage binder removal and sintering.

The MIM-Vac M™ is designed specifically for the
Metal Injection Molding Market and is Centorr Va-
cuum Industries latest offering in a line of custom-
engineered high temperature vacuum controlled
atmosphere furnaces.

3570 Series Metal Injection Molding
MIM-VAC™ M Furnaces

Custom-engineered high temperature vacuum /
controlled atmosphere furnaces

Request Quote
MIM-Vac M™ SERIES 3570

The MIM-Vac M™ is Centorr/Vacuum Industries
latest offering in its line of custom-engineered
high temperature vacuum / controlled atmos-
phere furnaces designed specifically for the Metal
Injection Molding Market.

Following the success of its graphite hot zone In-
jectavac™ which CVI pioneered in the early
1980's for the debind and sinter of parts contai-
ning 1st and 2nd stage MIM binders, today's
MIM-Vac™ furnaces are the result of more than
10 years of experience in MIM technology and
over 25 years debinding and sintering PM parts.

The core design is based on Centorr/Vacuum In-
dustries Workhorse® Metal Hot Zone furnaces,
which have been sold worldwide for the sintering
of powdered metals (with over 300 units in the
field), and the binder removal technology of Sin-
tervac® units developed for the Tungsten Car-
bide industry (with over 600 in use worldwide).

The MIM-Vac™ 'M' is designed primarily for 2nd
stage binder removal and sintering, and has a
number of design improvements specific for use
with MIM Feedstocks. Tight partial pressure
control and even gas flow in conjunction with ef-
fective event-based programming and sound re-
tort design allows the entire load to view the
same series of conditions as a function of time.
This results in consistent microstructures and re-
peatable carbon control.

Depending on the customer's process require-
ments, a variety of wax and polymer condensa-
tion strategies have been developed, including
vacuum delube/condensation; Sweepgas™, In-
jectavac™ BRS™, MIM-Vac™ BRS™, and Ther-
mal Incineration. The judicious use of advanced
Molybdenum alloys in the hot zone and retort of-
fers excellent creep resistance, higher recrystal-
lization temperatures, and longer life.

Our revolutionary new gas-plenum retort has
rows of perforations allowing even gas flow
across all the work trays and is constructed of
heavy gauge Lanthanated and TZMMolybdenum
for low creep operation even at maximum tem-
peratures, unlike other retort designs which warp
and require replacing after as little as one year.

The Modular design offers quick and easy access
to all major furnace components and results in si-
gnificantly lower maintenance and repair costs
over the life of the unit.

Features
Specifications
Documents
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Features

Cold Wall Vacuum furnace design with stain-
less steel inner and outer jackets with baffled
water cooling.
Operation to 1650°C. Temperature uniformity

of <+/- 5°C using up to six (6) zones of indepen-
dent control.
PLC with Industrial Programmable Controller or
PC system using Intellution™ FIX32 HMI soft-
ware customized by CVI for vacuum furnaces,
with extensive data acquisition; maintenance
screens, and remote operation capabilities.
CVI's patented Sweepgas™ Binder Removal

System consisting of heat traced/insulated de-
bind manifolding, large 'T/P' binder traps with re-
movable media, and high-temperature
easily-cleaned isolation valves.

Two Capacitance Manometers offering full
range reading of system vacuum levels.
Novel Molybdenum retort designed for durabi-

lity, ease of replacement and low cost. Integral
gas plenum provides for consistent gas flow dy-
namics and efficient binder removal.
Advanced Molybdenum alloys used in Key

Shields, retort, and heath posts and rails with
heavy-duty Tungsten rod element design.
Operation from partial pressures of 10 - 750

torr in either Argon/Nitrogen, and Hydrogen.
Extensive safeties on the chamber, trap, and

pumping system for managing partial pressures
of Hydrogen gas.
"Modular setup" for full unobstructed access to
chamber, vacuum pumps, and binder trap without
cumbersome panels to remove.
Fast and easy furnace setup on site with one

drop connections for air, water, inert/process
gases and power.
Robust fan cooling system with integrated

water-cooled heat exchanger offering fast cooling
from max temperature to 100°C in under 1 hr with
an empty furnace.

The EBO
debinding
furnace is
specially

engineered to handle the stringent
requirements that come with catalytic
debinding.

The EBO is an ideal solution for binder removal
from mouldings made from BASF Catamold®
Feedstock. These mouldings are commonly
known as green parts. The debinding furnace
reaches a maximum temperature of 150°C and
is available in two sizes: 120 litres (rectangular
usable space 400 mm x 400 mm x 700 mm) and
250 litre (rectangular usable space 500 mm x 500
mm x 1000 mm).

Metal injection moulding (MIM) and Ceramic in-
jection moulding (CIM) is an expanding modern
manufacturing technology. MIM and CIM manu-
facturing processes comprises of 4 steps: com-
pounding raw material into feedstock, moulding
feedstock to the desired shape creating a green
part, debinding and sintering. Debinding is the
most demanding operation in this process. The
debinding of Catamold® feedstock is performed
catalytically with nitric acid. This process de-
mands precise control of both the temperature
profile and gas pressures.

With the EBO debinding furnace the operator
may choose between a fixed debinding time and
a fully automatic self-detecting debinding. The
automatic adjustment is able to detect the end of



the debinding process and terminates the cycle.
CIM applications are limited to a sample wall
thickness of approximately 4 – 5 mm. The fur-
nace is fitted with safety interlocks to guarantee
operational safety. Operation and visualisation of
the process appears by means of a touchpanel.
The debinding process

The debinding process begins with a Nitrogen
purge in order to reduce the Oxygen content in
the furnace. Once the ideal process temperature
is achieved gaseous nitric acid is purged into the
furnace at a fixed rate.
The Nitrogen gas flow must be maintained higher
than nitric acid gas flow. This is done in order to
prevent the system from forming an explosive
mixture.

In an acidic vapour environment binder is remo-
ved from the green parts. This removal is the re-
sult of a chemical reaction starting from the
surface moving inside the moulding.

Debinding rates vary with the particle sizes of the
metal powder and are generally between 1 – 4
mm/h. The polymer binder transits directly from
the solid to the nitric acid once a temperature of
120 °C is reached.

The reaction results in formaldehyde formation
as a by-product. Formaldehyde can be detected

by monitoring the temperature of the EBO’s af-
terburner.
When formaldehyde production has ended bin-
der removal is complete.

Once the EBO has detected the binder removal
is complete the acid vapour environment is pur-
ged with Nitrogen. The debinding step is finished
and the green parts can be transferred to a sin-
tering furnace.
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Standard features

Water heated vessel up to 150°C
Dosing and circulation of nitric acid
and Nitrogen
Debinding degree controlled
Certified safety management

The double walled vessel of the EBO debinding
furnace utilizes a water heating system up to
150°C. At low temperatures, the EBO provides
exceptional temperature uniformity.

In addition, a ventilator is also installed at the rear
of the furnace. The ventilator creates gas circu-
lation through the furnace to further improve uni-
formity. Evaporated nitric acid is uniformly
distributed over the furnace and samples in order
to completely expose green parts during debin-
ding. The gas is preheated by guiding it along the
heated vessel and pulled into the furnace cham-
ber via a fan to flow over the samples for the de-
binding process.

info@metalspain.com

Mercer Vacuum Components and Services Inc.
has recently received an order for the purchase
of and the upgrade of this vacuum furnace from
a Powder Metals manufacturer.

The system will be installed in the R&D depart-
ment with some modifications and upgrades to
both the vacuum pumping system and the
control panel.

http://metalspain.com/Tratamientos-termicos.html


prevent opening during the debinding process. A
dual stage gas afterburner is installed to combust
all by-products generated during the debinding
process. The afterburner's temperature is moni-
tored to detect the end of the debinding process
during automatic operation.

What are the details of this vacuum furnace?

- Max. temperature: 200-2200C
- Capacity: up to 729L
- Max. vacuum: 7x10-4 Pa (0.00000525 Torr)
- Chamber size: Various & Customised
- Insulation: Ceramic fiber / Molybdenum / Gra-
phite
- Uniformity: ± 5C
- Control: PLC or PID auto & programmable
- Accuracy: ± 1C
- For: vacuum sintering / brazing / quenching /
hardening / annealing / tempering, etc.
- Warrenty: One year

Why choose us?

- Manufacturer with 20 years' experience.
- Best service, fast response
- Free design for special furnace
- Free technical support for lifetime
- Free sample test before buying
- Satisfied customers from more than 30 coun-
tries offer proof of our excellent design, quality

and cost efficiency.

Vacuum Sintering Furnace

Small or complex parts are difficult to produce by
casting or machining. Components that require
sintering are often delicate, intricate, and easy to
botch. Vacuum sintering is an efficient way to join
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parts with minimal waste.Vacuum sintering pro-
duces consistent, bright parts with no seams,
joints, or fillers. Powdered metal, metal injection
molding, 3D printing, and other similar technolo-
gies can benefit greatly from the superior quality
and flexibility of vacuum sintering.
Benefits of a Vacuum Sintering Furnace

Clean, bright parts
Incredible design flexibility
Quick turnaround
Superior quality
Fewer defects
Easy maintenance
Maximum productivity

Temperature and pressure limits can be chosen
during the engineering phase, and controlled ma-
nually or automatically during processing.

Vacuum furnaces can be built to perform both de-
binding and sintering. Combining these pro-
cesses in one furnace saves time and money. No
part transfer, secondary machinery, or resources
wasted on a repetitive process.

Molten Temperature
Measurements
in Aluminium

Vishwas Kale
Managing Director

Vijayesh Instruments Pvt Ltd, Pune,
India

Temperature is one of the most important factors. Ho-
wever, it is surprising howmuch it is neglected in qua-
lity conscious companies even today. For process
standardization, accuracy and repeatability of measu-
rement is required.

For molten temperature measurement of aluminium,
various options are available.

Continuous Temperature Measurements

In holding furnace, it is measured continuously. Ther-
mocouples are available with a variety of sheaths such
as:
• Graphite: slow response, porous, limited life
• Silicon Carbide: quick response, prone to
breakage
• Cast Iron: better response and life, possibility
of iron pick-up
• Sintered Metal Ceramic: good response and
life
• Clay Graphite: good response, no wetting, and
better life

The choice depends on the grade of metal and econo-
mics.
The clay graphite sheath is today most advantageous.
It has features: Quick attachment to the assembly,
Good thermal shock properties, Good non wetting pro-
perties, Good response times, Good service life, Ease
of operation, Easy to keep clean.

These sheaths are attached using the steel insert, ma-
king sure that no part of the insert is exposed to air as
this will cause oxidation and possible failure of the
steel tube at operating temperatures. The sheath is
gently preheated prior to immersion into the molten
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metal bath to minimize thermal shock and eliminate
any trapped moisture. Any failure to preheat may
cause premature failure. At the end of every shift or
emptying of furnace, it is necessary to gently clean the
sheath of any dross or other build-up to ensure accu-
rate temperature readings and to increase the life of
the sheath. When loading a solid metal charge care
must be taken to minimize mechanical damage, as this
will shorten the life of the thermocouple sheath. These
sheaths should be regularly carefully cleaned of dross
and dirt to ensure accurate metal temperature measu-
rement and long life.

The thermocouples can have arrangement to adjust
their depth of immersion in holding furnace based on
the bath level as the metal is taken out. Here conduc-
tive type level controllers with a mechanical arrange-
ment to align the immersion are used. Utilising such
system and PID temperature controller, the tempera-
ture of molten metal can be controlled. The control-
ler precisely controls the electrical or gas heaters. This
PID controller or programmable logic controller
(PLC), which has many more feature, is preferred be-
cause of their fine-tuned controls and other features.

Non-Continuous Temperature Measurements

For non-continuous measurements, bare thermocou-
ples are the best. They have quick time of response of
about 5-10 seconds. Using these with a digital peak-
latching instrument will ensure correct reading. The
instrument has temperature plateau detection software
which ignores erratic and transient readings. The ins-
trument may be connected to a handheld indicator or
remote PC or PLC or even a printer to collect data for
the previous readings.

A typical arrangement has an immersion lance, fitted
with ceramic block. The block has terminals colour-
coded and marked as +ve and -ve. The thermocouple
is connected to the block as per colour code. The lance
is used to dip the thermocouple into the molten metal.
In a few seconds the instrument displays steady temp,
then it is the molten metal temperature. The thermo-
couple lance is taken out, the thermocouple is cleaned,
so that it does not remain coated with cold metal. If
this not cleaned, then the thermocouple will take long
time to show next temperature on the instrument. Each
thermocouple may be used several times if used cor-
rectly.

Non-Contact Temperature Measurements

Temperature measurement in furnace is one applica-
tion. And also, in a typical application, aluminium is
melted in one furnace and transferred to a holding fur-
nace before a controlled amount is fed into a casting
crucible along a launder. Measurement of temperature
of the metal during the transfer from the casting cru-
cible to the die is crucial at this stage for maintaining
the homogeneous quality of the casting.An immersion
thermocouple cannot be used for this application.
Temperature measurement using a conventional sin-
gle colour infra-red pyrometer can be a complicated
task due to the low and varying emissivity factors and
they assume a constant emissivity.

Because aluminium is a non-grey body material, a
highly accurate temperature measurement is obtained
only using a multi-wavelength sensor. However, a
short-wavelength and single-wavelength sensor will
provide a reasonably accurate reading on a cast sur-
face at a fraction of the cost. Here, emissivity affects
infrared readings
It will emit the infrared energy from the instrument as
well as its own radiated energy. Because of this, in-
frared temperature readings from low emissivity ma-
terials such as aluminium and stainless steel are not
accurate. So, a proper choice of instrument is needed.

Infrared Thermometer reads the temperature directly
using a sensor to detect the heat radiation. An Infra-
red Thermometer will not see the environment but will
measure the real temperature of the product. As they
do not touch the product, infrared thermometers are
also ideal for molten metals, heat treatment furnace
jobs, moving targets, because they do not interfere
with the process. The selection of the correct instru-
ment and the installation are very critical. The right
instrument generally is the one, which has the shortest
wavelength.

For correct use, the first parameter is optical resolu-
tion. To find the spot size of the instrument, we use the
following formula: d = D/F where d is the spot size (
beam ) of the instrument at the target, D is the distance
from the instrument sensor to the target focal point, F
is the focal factor characteristic of each instrument.
This factor is mentioned in the instrument specifica-
tions.

First select instrument and then always take trials of
measurements of temperature of liquid metal in fur-
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nace or while pouring in ladle before deciding to pro-
cure it. There are different instruments for different
ranges of temperatures. For a specific selected range
of narrow wavelength bands designed to optimise tem-
perature accuracy, in a range of 200-800oC, an accu-
racy of +/-2 oC is possible.

Instruments

In Non-Continuous Temperature Measurements, the
instrument is of peak latching type. In Continuous
Temperature Measurements the instrument could be a
PID or PLC Controller. Large size Digital Displays
are available for use , which may be installed at a dis-
tance from the basic measuring instrument.Also real-
time data may be downloaded on a PC from the
instrument for further analysis. Display with wireless
technique is used where distance from instrument is
long and laying of connecting cable is difficult or is to
be avoided.

However, the electrical noise prevailing in the plant
has to be filtered by the transmitter to avoid errors in
readings. If the instrument uses a rechargeable battery
(in portable instrument), it should always be well char-
ged. Incomplete charging gives inaccurate reading.

Info at sales@vijayesh.net and advert below :

PIEZAS SUCIAS Y LOS DIVERSOS
COMPONENTES INDUSTRIALES
Que debido a su mecanización, transfor-
mación,,o manipulación puedan tener sus
superficies sucias o impregnadas con di-
ferentes tipos de residuos, como pueden
ser: Aceites, Virutas, Grasas, Óxidos,
Pastas, Pintura, Desmoldeantes,.. etc.
ESTOS TIPOS DE RESIDUOS, SI NO
SE ELIMINAN PUEDEN GENERAR MU-
CHOS PROBLEMAS.

Elimínelos, aplicando alguno de los dife-
rentes tratamientos ya existentes, con el
fin de conseguir una correcta limpieza
para cada uno de los diversos tipos de
piezas que Uds. tengan que tratar .
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Con Bautermic podrán escoger conjun-
tamente el tipo de maquina más ade-
cuada para cada una de sus necesidades
especificas

BAUTERMIC, S.A.. Es una empresa que
esta especializada en fabricar este tipo
de máquinas, para Lavar y Desengrasar.
todo tipo de piezas industriales maqui-
nas que además pueden efectuar otros
variados tratamientos superficiales, como
pueden ser : Decapar – Pasivar – Fosfa-
tar – Secar - Aceitar…. Está empresa
puede ofrecerles las mejores solu-
ciónes.
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3D Systems has decades of expertise in
metal casting solutions development.
While investment casting foundries have
been using 3D printing to produce casting
patterns for decades, sand casting shops

have been taking advantage of additive
manufacturing in the recent years. In both
cases, we have developed specific and in-
tegrated additive manufacturing (AM) so-
lutions that maximize your productivity,
reliability, flexibility, and yield – delivering
your customers high quality parts while re-
ducing total cost of ownership (TCO). See
photo on the cover.

Read magazines
at

http://metals-
pain.com/addi-
tive-manufacturin

g.htm

Leer las revistas
en

http://metals-
pain.com/fa-fabri-
cacion-aditiva.ht
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Any question ?

email

additive-manufactu-
ring@metalspain.com
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