The Next Generation of Continuous Furnaces:
Greater Quality, Capacity and Efficiency in the MIM Industry

Continuous sintering furnaces are employed for high-volume production in the powder metallurgy in-
dustry. However, early models lacked flexibility and energy efficiency, prompting many manufacturers of
MIM parts to deploy batch furnaces — a trend that holds true today. Eisenmann Thermal Solutions/DE is
currently collaborating with leading partners to develop roller hearth furnaces that will further exploit the
enormous potential of this technology.

Complex debinding and sintering processes
play a vital role in metal injection molding
(MIM). The first debinding step removes
most of the binder, creating open pores
in the component. The residual binder
is removed in a second step by means of
thermal degradation. As this generally
takes place during the sintering cycle, it is
essential to ensure that no binder remains
before sintering closes the pores. Compo-
nents with defects incurred during sintering
cannot be recycled, resulting in complete
loss of the material. Consequently, precise
control of conditions during these complex
processes is crucial.

The history of continuous
furnaces

The MIM industry emerged just over thirty
years ago, and only became successful with
the development of dedicated debinding
and sintering systems. In the 1990s, con-
tinuous technology ushered in a new era.
This was leveraged for the high-volume pro-
duction of automotive parts, watches and
jewelry, and enabled the rapid rise of metal
injection molding (MIM).
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Fig. 1 Continuous MIM processing system including debinding, secondary debinding and

sintering

However, continuous furnaces remained
uncommon in Asia; as the parts made in
this region were relatively small, and their
life cycles short, batch processes were the
method of choice.

Researchers in European manufacturing
began exploring ways to improve processes,
to raise the capacity of debinding furnaces
without driving up consumption of input
materials such as nitrogen and nitric acid.
The resulting continuous furnaces halved
the quantities of nitrogen and nitric acid re-
quired while doubling throughput. The next

(Source: ITB Precisietechniek/NL)

game-changers were continuous systems
with fully segregated atmospheres in the
secondary debinding and sintering zones.
Huge, growing demand for smartphones,
smart watches, fitness trackers and other
electronic devices, has driven the meteoric
rise of continuous solutions. Today, there
are over 30 MIM lines in operation in China
and India.

The current state-of-the-art is a combined
process, comprising secondary debinding
and high-temperature sintering. Key chal-
lenges include the complete removal of
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Fig. 2 Diagram of continuous MIM debinding, secondary debinding and sintering
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Fig. 4 Eisenmann'’s roller hearth furnaces for pow-
der metallurgy set new standards for sintering
and heat treatment of sintered parts

Fig. 3 One Solution sintering furnace

residual binder (e.g. via an additional, up-
stream debinding step), carbon control, ox-
ygen reduction, precisely controlled shrink-
age and optimum diffusion.

Injecting the feedstock (a mixture of metal
and additives heated to a liquid state) into a
closed mold produces a green part that con-
sists of approximately 60 % metal powder
and 40 % binder. During the first debinding
step, thermal treatment and a catalytic re-
action, or a solvent, reduces binder content
to 5 %. The resulting brown part has a po-
rosity of 35 %.

Secondary debinding at temperatures be-
tween 200-600 °C, and sintering at 1200—
1360 °C in various atmospheres (vacuum,
nitrogen, hydrogen and/or argon), converts
the brown part into the finished component
with a porosity of less than 2 %.

Batch or continuous?

Manufacturers of metal injection molded
products are often faced with the decision:
batch or continuous? Key factors include
process parameters, such as product type,
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Fig. 5 Efficient quenching zone with
a cooling rate of over 4 K/s

dimensions and throughput, plus tempera-
ture profile, sintering temperature, atmos-
phere composition (N, H,, argon, or a mix-
ture), and pressure (vacuum, atmospheric,
high pressure). Rising energy prices and
the growing need to shrink ecological foot-
prints make energy efficiency a major issue.
At the same time, production systems must
be cost-effective and flexible. They should
be easy to operate and maintain, support
automation, and fulfill all throughput and
quality expectations.

“In many cases, after taking all criteria
into consideration, continuous roller hearth
furnaces are the best choice,” states Peter
Vervoort, Vice President, Product Develop-
ment & Technology, at Eisenmann Thermal
Solutions.

However, conventional batch furnaces re-
main in widespread use. These are typically
cold-wall vacuum furnaces, with a capacity
between 50-500 |, and a cycle time of 14—
24 h. Continuous hearth furnaces deliver
significantly higher throughput, consume
less energy above a certain capacity utili-

zation factor, and are more cost-efficient to
operate.

As Peter Vervoort highlights, they also of-
fer quality advantages: “In the cylindrical
combustion chamber of a batch furnace,
reproducible product quality is dependent
on six factors: atmosphere, cycle time, tem-
perature control, and component positions
on the X, Y and Z axes within the furnace.”
The position in a roller hearth furnace, by
contrast, has no significant impact, as the
component moves through the furnace on
single axis. As a result, all finished parts are
of consistent quality.

Greater consistency, higher quality

While batch furnaces with closed cham-
bers have to be cooled and reheated after
each sintering cycle, components conveyed
through continuous furnaces are exposed
to a consistently high temperature. This en-
sures parts are uniformly heated. It is key
to high product quality, as even slight fluc-
tuations in temperature can lead to uneven
shrinkage. In this context, systems with

Fig. 6 Debinding zone
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Tab. 1 Properties of common furnaces used in the metal injection molding industry

Small Batch Furnace | Large Batch Furnace | Pusher Furnace | Walking Beam Roller Hearth Furnace One Solution
(30 I max.) (>301) Furnace

Capacity low medium high / very high very high very high
Investment low medium high high high
Flexibility very high medium low low high
Sintering cost per part high medium low low low
Energy per part high medium low low very low
Floor space required little little large large large
Vacuum sintering possible possible impossible impractical® impossible
Temperature uniformity excellent fair excellent fair excellent
Atmosphere control excellent good good fair good
Vibrations on parts no no yes yes yes

*Continuous vacuum sintering furnaces are technically possible but very expensive

multiple temperature-control zones and
very high-precision sintering temperatures
(£3 °C) are at an advantage. The strengths
of batch furnaces include lower capital ex-
penditure, greater flexibility, a smaller foot-
print, better atmosphere control, and mini-
mal vibrations. Continuous pusher, elevator,
and roller hearth furnaces, on the other
hand, offer improved capacity, and lower
sintering costs and energy consumption.
Moreover, consideration has to be given to
the specific manufacturing scenario. As Ver-
voort explains: “A continuous system would
be inappropriate for titanium dental im-
plants, or titanium endoscopy instruments,
with an annual production volume of just
1000 units.”

However, an automotive component sup-
plier looking to produce a million hydraulic
connectors in 316L stainless steel will likely
opt for aroller hearth furnace. “Even a small
continuous furnace can process three trays
per hour, or approximately 65 000 finished
parts per day. A batch furnace consuming a
comparable amount of energy produces just
10 000 parts daily. In this context, continu-
ous sintering would slash manufacturing
costs by up to 30 %," underscores Vervoort.
Despite the persuasive arguments in favor
of continuous systems, MIM manufacturers
with large-volume needs sometimes remain
reluctant to make the switch.

According to Vervoort, one factor is a his-
torical legacy. “In the early days, continuous
debinding and sintering only made eco-
nomic sense with a workload of 80 % or
higher. Second-generation continuous MIM
furnaces, launched over a decade ago, have
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Fig. 7 Inlet in the debinding zone
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Fig. 8 The Eisenmann Thermal Solutions headquarters in Bovenden is at the heart of the
company'’s development of MIM and PM sintering furnaces

rendered this concern moot.” The separa-

tion of atmospheres between debinding,

secondary debinding, and sintering ensures

more efficient process technologies [1-3].

The latest equipment incorporates a num-

ber of improvements that slash operating

costs, even at low capacity utilization:

e Lower energy consumption through im-
proved insulation

* Reduced process gas consumption; faster
purge of furnace when switching be-
tween process gases

e Single-shift operation without compro-
mising quality (early furnaces had to be
operated continuously to ensure quality)

* Visualization systems for rapid changes in
production.

Fig. 9 E-GATE
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“Today, depending on local costs for en-
ergy, the process gas, and labor, continuous
debinding and sintering can be cost-effec-
tive at a load factor of just 40 %," states
Vervoort.

Partnerships bear fruit

The continuous systems available today ful-
fill their purpose, but, according to Vervoort,
there have been hardly any significant ad-
vances in the last ten years. “At the same
time, the technology has not reached its
limits. For example, at the moment it is not
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SmeEphie Eisenmann’s philosophy is that these solu-

tions should be tailored to the customer’s
Fig. 10 Comparing the quality of metal injection molded parts after batch or continuous specific processes. Consequently, the com-
sintering pany works hand in hand with leading in-
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ternational development partners to build and test ever better
continuous furnaces. "It is time to explore and exploit the full
potential of this technology. And to this end, our extensive ex-
perience in conventional powder metallurgy forms the basis for
evolving MIM furnaces further.”

Plant engineering company Eisenmann’s merger with furnace
specialist Ruhstrat/DE two years ago extended its heat treatment
skillset, allowing it to support a wide range of industries. At a
cutting-edge Technology Center in Bovenden, in northern Ger-
many, Eisenmann experts develop new solutions, and test them
extensively with the customer under realistic conditions.

The addition of Ruhstrat's hands-on experience in MIM — extend-
ing back to 1986 — forms a strong foundation for the develop-
ment of new MIM furnace solutions.

Eisenmann’s One Solution

Eisenmann’s patented roller hearth furnace for powder metallur-
gy (patent number DE 197 19 203 A1) set new standards when
it was launched in the late 1990s.

Temperature-resistant, gas-tight double doors, in conjunction
with flexible roller drives, enable the segregation of all furnace
zones, even the hottest.

This had already been successfully implemented in the powder
metallurgy industry a number of times. The combination of roller
drives and modular design allows sintered parts to be carburized
in a separate zone, and rapidly cool at a defined temperature.
The sintering zone is sealed off, shielding it from the turbulence
produced by cooling.

Furthermore, efficient gas-quench units mean that cooling rates
of over 4 K/s can be achieved — sufficient for the integrated hard-
ening of PM steel parts. This became possible after Eisenmann
and partners developed a new range of charge carriers that can
reliably withstand high quench rates.

Very high temperature homogeneity of +3 °C over a width of
800 mm can be maintained. Under these conditions, continuous
production of nickel-free MIM stainless steel that requires a cool-
ing rate of 200 K/min is simple to implement.

Previously, an appropriate continuous furnace was not avail-
able. However, a growing number of people suffer from allergies,
fueling demand for nickel-free stainless steel for smart watches
and other wearable technologies, and more.

Speed in line with need

The latest continuous roller hearth furnaces deliver extremely
high quality for the sintering industry. They effectively segregate
debinding atmospheres with oxidative gases from reducing and
carburizing atmospheres.

Pusher furnaces offer interesting possibilities, but the nature of
their design and slow movement translate into low flexibility and
efficiency.

“Roller hearth furnaces with double door locking technology en-
able precise control of carbon content. Multiple speed-adjustable
roller drives help ensure that each process step, from second-
ary debinding to sintering and, where appropriate, carburiza-
tion, only lasts as long as the component requires,” notes Peter
Vervoort.
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Fig. 11 One Solution sintering furnace

Enhanced energy efficiency

High-temperature processes are renowned
for being extremely energy-hungry. How-
ever, this reputation is somewhat outdated.
The latest furnaces display a 40 % drop in
energy loss compared to models from 2004.
The temperature of the outer wall is now
significantly below 60 °C, compared to the
80110 °C of older systems. The myth that
continuous furnaces require hot outer walls
to dry refractory bricks when starting up
operation has been debunked. Additionally,
intelligent insulation solutions cut drying
times by 50 % or more.

New developments on the
horizon

The production volume required to make
these furnaces economically viable has fall-
en —a trend Vervoort predicts will continue.
New developments will include lower pro-
duction costs, enhanced energy efficiency
via lower gas flow rates, higher availabil-
ity and shorter changeover times. Tomor-
row’s continuous furnace will offer minimal
downtime, low maintenance and reduced
capital expenditure.

It will also combine eco-friendliness with a
long service life. There is further potential in
the precise management of atmospheres,
time and temperature profiles, and im-
proved carbon dioxide control. Opportuni-
ties also lie in the deployment of nitrogen
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(Figs.: Eisenmann)

atmospheres with low hydrogen content
and dew point, in conjunction with high
temperatures, even temperature distribu-
tion, and proactive control of the CO/H, ra-
tio. Eisenmann is currently actively exploring
these and other avenues.

Finally, continuous roller hearth furnaces
offer significant potential for automation,
leading to greater process stability. The
inflexibility of traditional systems — where
debinding, secondary debinding and sinter-
ing are performed in a single cycle, or just
two cycles — no longer applies. As Vervoort
reflects: "We are making it possible to de-
fine a discrete cycle for each of the three
steps. Operators can therefore precisely
configure their equipment in line with the
component being manufactured. We be-
lieve furnaces should be tailored to the
needs of the product — and not the other
way around.”

New methods of manufacturing alloys
will bring additional benefits. Moreover,
processes are being developed to enable
sintering of even harder metals at tem-
peratures as high as 1600 °C, with graphite
insulation, and atmospheres that contain
trace quantities of hydrogen. Gas analysis
and monitoring of gas composition are vital
to the precise control of atmospheres.
Eisenmann’s One Solution roller hearth fur-
nace is a milestone in the quest for efficient,
flexible and high-quality manufacturing.

These systems are designed for high tem-
peratures, are very reliable, and have highly
durable conveyors. As Vervoort explains,
“One Solution is a one-stop answer to all
sintering processes.”

Currently, major players in powder metal-
lurgy are successfully honing their specific
processes using the PR-S and PR-L (Push
Roller Small and Large) pilot models. The
standardized R models (R-CS and R-CL
for Roller Conventional Small/Large, plus
R-HS and R-HL for High Temperature Small/
Large) offer high throughput, even for com-
ponents with high chromium content (at an
operating temperature of up to 1300 °C).
Each furnace can be configured in line with
specific needs; the operator can define
their own parameters, and model the cor-
responding processes. This significantly cuts
energy and gas consumption, without sac-
rificing quality.

Moreover, the R-Edition2025 indicates
the future direction of continuous furnace
technology. The pioneering solution unites
Eisenmann and its partners extensive skills.
In comparison to the current benchmark,
energy and gas requirements will be slashed
a further 30 %. In addition, an MIM roller
hearth furnace is in the pipeline, and will
soon join the One Solution product portfolio
— a further testimony to Eisenmann’s com-
mitment to setting new standards.
Eisenmann will be presenting exciting in-
sights into emerging sintering technologies
at this year's Euro PM, Europe's annual
powder metallurgy conference and exhibi-
tion, in Milan/IT.

References

[1] Patent EP 1898170A2 von Teilen, Hanf, Lopez
and Vervoort, 12 March 2008: Vorrichtung fiir
physikalische chemische Behandlung

[2

Vervoort, PJ.: Developments in continuous
debinding and sintering solutions for MIM. PIM
Int. 1 (2007) [2] 34-37

Patent DE 102009007753 von Vervoort, Johnen
and Lopez, 31 December 2009: Verfahren und
Vorrichtung zum Entbindern und Sintern von

3

pulvermetallurgisch hergestellten Produkten

cfi/Ber. DKG 94 (2017) No. 10



