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Made in Germany

Nabertherm with 500 employees worldwide have been developing and producing industrial furnaces for many
different applications for 70 years. As a manufacturer, Nabertherm offers the widest and deepest range of furnaces
worldwide. 150,000 satisfied customers in more than 100 countries offer proof of our commitment to excellent
design, quality and cost efficiency. Short delivery times are ensured due to our complete inhouse production and our
wide variety of standard furnaces.

Setting Standards in Quality and Reliability

Nabertherm does not only offer the widest range of standard furnaces. Professional engineering in combination

with in house manufacturing provide for individual project planning and construction of tailor-made thermal process
plants with material handling and charging systems. Complete thermal processes are realized by customized system
solutions.

Innovative Nabertherm control technology provides for precise control as well as full documentation and remote
monitoring of your processes. Our engineers apply state-of-the-art technology to improve the temperature
uniformity, energy efficiency, reliability and durability of our systems with the goal of enhancing your competitive
edge.

Global Sales and Service Network — Close to you

Nabertherm’s strength is one of the biggest R&D departments in the furnace industry. In combination with central
manufacturing in Germany and decentralized sales and service close to the customer we can provide for a
competitive edge to live up to your needs. Long term sales partners in all important world markets ensure individual
on-site customer service and consultation. There are certainly reference customers who are using similar furnaces
or systems close to you.

Large Customer Test Center

What furnace is the right choice for this specific process? This question cannot
always be answered easily. Therefore, we have set up our modern test center
which is unique in respect to size and variety. A representative number of
furnaces is available for tests for our customers.

Customer Service and Spare Parts

Our professional service engineers are available for you worldwide. Due to our
complete inhouse production, we can despatch most spare parts from stock over
night or produce with short delivery time.

Experience in Many Fields of Thermal Processing

In addition to furnaces for additive manufacturing, Nabertherm offers a wide range of standard furnaces and plants
for many other thermal processing applications. The modular design of our products provides for customized
solutions to you individual needs without expensive modifications.
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Additive Manufacturing
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Retort furnace NR 150/11 for annealing of
metal parts of 3D-printing

Oven TR 240 for drying of powders

Chamber oven KTR 2000 for curing after
3D-printing
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Compact tube furnace for sintering or

annealing under protective gases or in a
vacuum after 3D-printing

HT 160/17 DB200 for debinding and sinte-

ring of ceramics after 3D-printing

Additive manufacturing allows for the direct conversion of design construction files into fully functional objects. With
3D-printing objects, from metals, plastics, ceramics, glass, sand or other materials are built-up in layers until they

have reached their final shape.

Depending on the material, the layers are interconnected by means of a binder system or by laser technology.

Many methods of additive manufacturing require subsequent heat treatment of the manufactured components. The
requirements for the furnaces for heat treatment depend on the component material, the working temperature, the
atmosphere in the furnace and, of course, the additive production process.

Apart from the choice of the right model and process parameters the previous processes before the heat treatment
also have an influence on the overall result. One important criteria for a good surface quality is that the components
are cleaned properly before the heat treatment.

This is particularly important for the processes that are carried out under vacuum or in furnaces that have a high
requirement for a low residual oxygen content. Minor leaks or contamination can lead to insufficient results. For this
reason, regular cleaning and maintenance of the furnace is important.

In additive manufacturing, a distinction is made between printing with and without binder. Depending on the
manufacturing process, different furnace types are used for the subsequent heat treatment.

Metals

l

Debinding
Sintering
Stress-relieving
Solution annealing
Hardening

l

under Protective Gases, Reaction
Gases or in Vacuum

l

Chamber furnaces with protective
gas boxes

Hot-wall retort furnaces

Cold-wall retort furnaces

Ceramics, Glass, Composites,
Sand

i

Debinding
Sintering
Drying
Curing

l

in Air

Debinding in ashing furnace
Debinding in chamber furnaces with
air circulation
Sintering in chamber furnaces
Debinding and Sintering in combi
furnaces
Dewaxing Furnaces

See also concepts for drying,
debinding, thermal cleaning and
wax burnout in catalog Advanced

Materials

Plastics

l

Curing
Tempering
Drying

in Air

Ovens
Chamber dryers
Forced convection chamber furnaces

See als concepts for drying,
debinding, thermal cleaning and
wax burnout in catalog Advanced

Materials as well as catalog

Thermal Process Technology |
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Binder-Free Systems

In binder-free additive manufacturing, in most cases, the components are produced with the powder-based
laser melting process on a printing platform. In the meantime, other manufacturing processes have also become
established on the market, which likewise require a corresponding heat treatment after the production process.

The tables below show typical materials and construction platform sizes of laser-based systems that are available on
the market with suggestions with respect to furnace sizes, required temperature and atmosphere in the furnace.

Aluminum Components

Generally, aluminum is heat treated in air at temperatures between 150 °C and 450 °C. Printed aluminum part, heat treated in

model N 250/85 HA (Manufacturer CETIM

Due to the very good temperature uniformity, forced convection chamber furnaces are suitable for processes such CERTEC on SUPCHAD platform)

as tempering, aging, stress-reliefing or preheating.

Examples for max Forced convection chamber furnaces, see page 42

platform sizes up to 450 °C'

210 x 210 mm NA 30/45

280 x 280 mm NA 60/45

360 x 360 mm NA 120/45

480 x 480 mm NA 250/45 |
600 x 600 mm NA 500/45

'Also available for 650 °C and 850 °C

Forced convection chamber furnace
NA 250/45 for heat treatment in air

Stainless Steel and Titanium Components
In many cases, certain stainless steels and titanium are heat treated in a protective gas atmosphere at temperatures
below 850 °C.

By using a protective gas box with the corresponding process gas supply, a standard furnace can be upgraded to a
protective gas furnace. Depending on the type of process gas, the preflushing rate, the process flushing rate, and
the condition of the box, it is possible to achieve residual oxygen concentrations of up to 100 ppm.

The forced convection chamber furnaces with protective gas boxes described below have a working temperature
range between 150 °C and 850 °C. If the protective gas boxes are removed from the furnace, aluminum or steel

components can also be heat treated in air. :.
] {

Examples for Forced convection chamber furnaces, see page 42 I |

platform sizes up to 850 °C with protective gas box 1 ST :

100 x 100 mm N 30/85 HA .3

200 x 200 mm N 60/85 HA I

280 x 280 mm N 120/85 HA N IE S -

400 x 400 mm N 250/85 HA "

550 x 550 mm N 500/85 HA v
Forced convection chamber furnace

The models listed in the table above are just a few examples. N 250/85 HA with protective gas box
for heat treatment in a protective gas
atmosphere



Hot-wall retort furnace NRA 150/09 for heat treatment in
a protective gas atmosphere

Cold-wall retort furnace VHT 100/12-MO for processes in
high vacuum

Chamber furnace LH 60/12 with protective gas box for
heat treatment in a protective gas atmosphere

With sensitive materials, such as titanium, the component may still oxidize due to the residual
oxygen concentration in the protective gas box.

In these cases, hot-wall retort furnaces with a maximum temperature of 900 °C or 1100 °C are
used. These gas tight retort furnaces are ideal for heat treatment processes that require a defined
protective or reaction gas atmosphere. The compact models can also be designed for heat
treatment under vacuum up to 600 °C. The risk of oxidation on the component is considerably
reduced with these furnaces.

Examples for Hot-wall retort furnaces
platform sizes see page 14

200 x 200 mm NR 20/11 and NR(A) 17/..
300 x 300 mm NR 80/11 and NR(A) 50/..
300 x 500 mm NR 80/11 and NR(A) 75/..
400 x 400 mm NR 160/11 and NR(A) 150;..
400 x 800 mm NR 160/11 and NR(A) 300/..

Titanium rods after heat
treatment in NR 50/11 in
argon atmosphere

Cold-wall retort furnaces are used for processes in protective gas at temperatures above 1100 °C or
under vacuum above 600 °C.

Examples for Cold-wall retort furnaces'
platform sizes see page 22

100 x 100 mm VHT 8/..

250 x 250 mm VHT 40/..

350 x 350 mm VHT 70/..

400 x 400 mm VHT 100/..

'Available with different heater materials and for different max. temperatures

Inconel or Cobalt-Chromium Components

Materials such as Inconel and cobalt-chromium are generally heat treated at temperatures from
850 °C up to between 1100 °C and 1150 °C. Various furnace families are used for these processes.
In many cases, the chamber furnaces of the LH .. or NW .. series with protective gas boxes are
sufficient to provide an outstanding price/performance ratio. Both furnace groups are suitable for
temperatures between 800 °C and 1100 °C.

Examples for Chamber furnaces see page 30 and 34
platform sizes up to 1100 °C with protective gas box
100 x 100 mm LH 30/12

250 x 250 mm LH 120/12

400 x 400 mm LH 216/12

420 x 520 mm NW 440

400 x 800 mm NW 660



Systems with Binder

In 3D printing, organic binders, which evaporate during heat treatment, are used to build-up the
part. The printed parts can be made of ceramic, metal, glass or sand. Depending on the evaporation
volume, furnaces with graduated safety systems for debinding and sintering are used.

On pages 10 and 11 the different concepts are presented in a decision matrix and explained on the
following pages.

Sintering furnaces?
see catalog Advanced Materials

Debinding furnaces'
see catalog Advanced Materials

Printing dimensions up to
(wxdxh)

100 x 100 x 100 mm L 9/11B0 LHT 4/16
200 x 200 x 150 mm L 9/11BO HT 40/16
300 x 400 x 150 mm L 40/11 BO HT 64/17

"Values for debinding like max. organic content, or evaporation rate have to be considered
The furnaces are available with different max. furnace chamber temperatures

Debinding and Sintering in Protective or Reaction Gas or under Vacuum
To protect metal components that were printed using a binder-based system against oxidation, two
process steps, debinding and sintering, are carried out in an oxygen-free atmosphere.

Depending on the material and the binder system, debinding is carried out either in a non-
flammable protective gas (IDB), under hydrogen (H,), or catalytically in a mixture of nitric acid and
nitrogen. Adapted safety systems are used to ensure the safety of these processes.

The table contains examples of furnaces which can be equipped with suitable safety technology.
Hot-wall retort furnaces are used as debinding furnaces and cold-wall retort furnaces as sintering
furnaces. Under certain circumstances, depending on the application, it is possible to use the same
furnace for both processes.

Printing dimensions up to Hot-wall retort furnaces’ Cold-wall retort furnaces®?
(wxdxh) see page 14 see page 22
100 x 180 x 120 mm NRA 17/.. VHT  8/..
180 x 320 x 170 mm NRA 17/.. VHT 25/..
230 x 400 x 220 mm NRA 50/.. VHT  40]..
300 x 450 x 300 mm NRA 50/.. VHT 70/..
400 x 480 x 400 mm NRA 150/.. VHT 100/..

'Safety systems see page 16 and 19, max. oven chamber temperatures see page 14
2Available with different heater materials and for different max. temperatures
3With inner process chamber for the residual debinding

ERUEE
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Muffle furnace L 40/11 BO with passive safety system and
integrated post combustion for thermal debinding in air

High-temperature furnace HT 64/17 DB100 with passive
safety system for debinding and sintering in air

Retort furnace NRA 40/02 with cupboard for the acid pump



Which Furnace for Which Process?

The next two double pages give an overview of which furnaces can be used in additive manufacturing for which process. This double page describes furnaces
which can be used for processes in which no combustible substances escape.

Atmosphere Air

Maximum Temperature 300 °C 850 °C 1280 °C 650 °C 650 °C
Requirement Oxygen 21 % 21 % 21 % 1% 0,10 %
Content

Vacuum 5 8 -

Flammable Process Gas

Furnace Type

LH, page 30
TR, page 60 NA, page 42 NW, page 34
KTR, page 62 SAL, page 48 N, page 36 NA .. I, page 47 NA .. SI, page 47
KTR, page 62
Furnace Heating Electric
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Chamber oven KTR 2000 for curing after Chamber furnace LH 60/12 with protective Forced convection chamber furnace
3D-printing gas box for heat treatment in a protective NA 250/45 for heat treatment in air

gas atmosphere
8
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Process Gas Vacuum
1100 °C 1150 °C 2400 °C <600°C >600°C
0,01 % 0,00 % 0,00 % 0,00 % 0,00 %
- - < 10-° mbar < 10 mbar < 10-° mbar
o X X X X
With protective gas box
LH, page 30
NW, page 34 gs:ﬁ;' poge 21 VHT, page 22 Al page 14 VHT, page 22
N, page 36 LBR(A), page 20 LBVHT, page 27 LBR((A))’ e 20 LBVHT, page 27
NA*, page 42 »Pag , Pag

SAL*, page 48

Electric
*Tmax 850 °C

-« "

SAL 250/65 Cold-wall retort furnace VHT 100/12-MO for processes in Semi-automatic annealing plant with retort furnace NR 50/11 and
high vacuum water quenching bath on rails



Concepts for Drying, Debinding and Sintering of Parts with Binder Content

Process

Atmosphere

Maximum Temperature
for Debinding

Organic Quantity

Requirement

Concept

Furnace Type

For Debinding

For Debinding
and/or Sintering

Post-Treatment of
Exhaust Gases

Furnace Heating

1) Air
2) Protective gas

Drying Solvents

i

Air

300°C
v

Organic quantity low

v

Low requirement for
temperature uniformity

v

LS

Acc. to EN 1539 Type A.
Monitored air exchange.
Exhaust gas venting via
nozzles in the on-site
extraction system.

v

KTR, page 62
TR .. LS, page 60

450°C

Organic quantity low

v

Increased requirement for
temperature uniformity

v

LS

Acc. to EN 1539 Type A
(NFPA 86 Class A).
Monitored air exchange.
Active venting of the
exhaust gas via integrated
exhaust gas fan.

v

NA .. LS, page 42
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Air

J v
450 °C 600 °C

Organic quantity low

v

Increased requirement for
temperature uniformity

v

DB10

Monitored air exchange.
Active venting of
the exhaust gas via
integrated exhaust gas
fan. Uncontrolled furnace
underpressure.

v

NA .. 45 DB10, page 42

Organic quantity medium

v

Low requirement for
temperature uniformity

v

BO

Debinding process with
control difficulties of
heating ramp (exothermic
reaction).

L .. BO, page 56
HT .. DB, page 58

v

Integrated thermal
afterburning/catalytic
afterburning

AAAAAAAE
basdiaas
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Debinding
v v
Inert Reaction gas Catalytic
v \ v v v
650 °C 650 °C 600°C 600 °C 120°C

v

Organic quantity low to
high

v

Increased requirement for
temperature uniformity

v

DB100

Monitored air exchange.
Pre heated fresh air.
Furnace in overpressure.

HT .. DB100, page 58

v

Separate catalytic afterburning
system
Separate thermal afterburning system

v

Organic quantity low to
high

v

Low residual oxygen
concentration

v

IDB

Thermal debinding in inert
atmosphere. Monitored
safe inert gas purging.

\

NA .. IDB, page 42
N .. HA IDB, page 42

Thermal afterburning

v

Organic quantity low to
high

v

No residual oxygen
concentration

v

IDB

Thermal debinding or
pyrolysis in an inert
atmosphere Safe
monitored inert gas
purging.

v

NRA .. IDB, page 16
SRA .. IDB, page 21

NR .. IDB, page 16
SR .. DB, page 21
VHT .. IDB, page 22

v

Flare
Thermal afterburning

Electric

|-
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v v

Organic quantity low to
high

v v

High requirement for
temperature uniformity

Organic quantity low

High requirement for
temperature uniformity

v v

H, CDB

Catalytic debinding
in nitrogen/nitric acid
atmosphere. Monitored
safe Nitrogen purging to
displace the oxygen.

Thermal debinding in
hydrogen atmosphere.
Safe monitored air
exchange.

v v

NRA .. H,, page 16

NRA .. CDB, page 19
SRA .. H,, page 21 P

NR .. H,, page 16
SR .. H,, page 21 SR .. H,, page 21
VHT .. H,, page 22 VHT .. H,, page 22

v v

Flare
Thermal afterburning

NR .. H,, page 16

Flare




Safety Concepts for Processes which Generate a Combustible Atmosphere

During debinding e.g. from technical ceramics, hydrocarbons are released, which might generate an ignitable
mixture depending on their concentration in the furnace chamber. Nabertherm offers tailor-made passive and active
safety packages depending on the process and the amount of binder, which enable safe operation of the furnace.

I. Debinding in Air

Debinding in an Electrically Heated Furnace

For debinding in air with electric heating Nabertherm offers various debinding packages tailored to the individual
process requirements. All debinding packages have professional integrated safety technology. Passive or active
safety concepts are available, depending on the specific requirements. The passive safety concepts differ upon the
requirements for the quantity of organic materials, process reliability, and temperature distribution.

Q

 — Passive Safety Concept
! Nabertherm debinding furnaces are generally equipped with a passive safety concept to allow for a slow vaporization

of lammable substances. The electrically heated furnaces work according to the dilution principle by introducing

., ~ A - fresh air to reduce the degassing from the charge to a non-ignitable atmosphere in the furnace. The customer

f: }—.{_ has to define the quantity of organic materials as well as the temperature curve, to make sure that the maximum

E:: E__j%f;"ﬁ permissible rate of vaporization is not exceeded. Thus, the customer is responsible for the function of the safety

E v :‘:; .;k M % concept. The furnace DB safety package monitors all safety-relevant process parameters and initiates a respective

A o emergency program in case of a malfunction. The passive safety concept has proven itself in practice based to
its good price performance ratio. Depending on the process requirements, the following equipment packages are
available.

L Air L

DB10 Debinding Package for Air Circulation Furnaces (Convection Heating) up to 450 °C

The DB10 debinding package is the basic option for safe debinding in air circulation furnaces up to 450 °C. The
furnace is equipped with an exhaust gas fan providing for a defined volume of air which is extracted from the
furnace, thus allowing the volume of fresh air required for the debinding process to enter the furnace. The furnace is
operated with negative pressure, which prevents an undefined emission of vaporization products.

Debinding Package for Laboratory Furnaces

The ashing furnaces have a passive safety system and integrated exhaust gas post combustion. An exhaust gas fan
extracts flue gases from the furnace and simultaneously supplies fresh air to the furnace atmosphere with the result
that sufficient oxygen is always available for the incineration process. The incoming air is guided behind the furnace
heating and preheated to ensure good temperature uniformity. Exhaust gases are led from the furnace chamber

to the integrated post combustion system, where they are postburned and catalytically cleaned. Directly after the
incineration process (up to max. 600 °C) a subsequent process up to max. 1100 °C can take place.
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Il. Safety Concept EN 1539 (NFPA 86) to Dry Liquid Solvents in Ovens

The safety technology of furnaces and dryers used for processes in which solvents or other flammable substances
are released and vaporized relatively quickly is regulated throughout Europe in EN 1539 (or NFPA 86 in the USA)

Typical applications are drying of mold varnish, surface coatings, and impregnating resins. Users include

the chemical industry as well as many other areas, such as the automotive, electric, plastic processing and
metalworking industries. ) L S, e

AT A WA WA WA aWaWa)

Protective gas

The safety concept relates to preventing the formation of explosive mixtures through continuous air exchange in the
entire vapor space. Air

Ill. Debinding or Pyrolysis under Non-Flammable or Flammable Protective or Reac-
tion Gases

IDB Safety Concept for Debinding in Protective Gas Boxes under Non-Flammable Protective Gases with u%——‘“—%\ .

Low Residual Oxygen l'f *E:"_- Vi< Protective
The IDB safety concept with an inert atmosphere in protective gas boxes is ideal for debinding processes under 1{. "1 / gas
protective gas where a small amount of residual oxygen for the materials is permitted. The furnace technology in \\xf:—:—i;/x

combination with a protective gas box made from heat-resistant stainless steel has a very good price performance B eess

ratio.

A monitored inert gas pre-flushing and conservation flushing during the process ensure that a residual oxygen
concentration of 3 % is not exceeded in the protective gas box. The customer must check this limit value with
regular measurements.

IDB Safety Concept in Retort Furnaces for Debinding under Non-Flammable Protective Gases or for
Pyrolysis Processes
The retort furnaces in the NR(A) and SR(A) series are ideal for debinding under non-flammable protective gases or

for pyrolysis processes. With the IDB option, the furnace chamber is flushed with protective gases. Exhaust gases g;ztective
are incinerated in an exhaust gas torch. The flushing and the torch function are monitored to ensure safe operation. H

Safety Concept for Heat Treatment under Flammable Process Gases

If lammable process gases, such as hydrogen, are used, the retort furnace is also equipped and delivered with
the required safety technology. Only components with the corresponding certification are used as safety-relevant
sensors. The furnace is controlled by a failsafe PLC control system (S7300/safety control).

CDB Safety Package for Catalytic Debinding with Nitric Acid

The safety concept prevents explosive gas mixture forming when the furnace is operated with nitric acid. For

this purpose, the gastight retort is automatically flushed with a controlled flow of nitrogen which displaces the
atmospheric oxygen before nitric acid is introduced. During debinding, the monitored mixing ratio between the
nitrogen and acid prevents an excess acid dosis and, or consequently, the formation of an explosive atmosphere.

13



Hot-Wall Retort Furnaces up to 1100 °C

Schematic presentation of a hot-wall retort furnace with additional equipment

Retort

Heating

Insulation

Gas management system
Vacuum pump

Fan for indirect cooling

Outlet indirect cooling
Exhaust torch

Fan for gas circulation (NRA models)
Charging frame

Emergency flushing container

— O WO WN =

—_ =

These gas tight retort furnaces are equipped with direct or indirect
heating depending on temperature. They are perfectly suited for
various heat treatment processes requiring a defined protective

or a reaction gas atmosphere. These compact models can also be
laid out for heat treatment under vacuum up to 600 °C. The furnace
chamber consists of a gas tight retort with water cooling around the
door to protect the special sealing. With the corresponding safety
technology, retort furnaces are also suitable for applications under
reaction gases, such as hydrogen or, in combination with the IDB
package, for inert debinding or for pyrolysis processes.

Different model versions are available depending on the temperature range:

Models NRA ../06 with Tmax 650 °C
Heating elements located inside the retort
Temperature uniformity up to +/- 5 °C inside the work space see page 68
Retort made of 1.4571
Gas circulation fan & in the back of the retort provides for optimal temperature uniformity
Insulation made of mineral wool

Inside heating in retort furnaces NRA ../06

Models NRA ../09 & with Tmax 900 °C
Design like models NRA ../06 with following differences:
Outside heating with heating elements around the retort
Retort made of 1.4828
Only fiber materials are used which are not classified as carcinogenic according to TRGS 905, class 1 or 2

. Models NR ../11 with Tmax 1100 °C
Design like models NRA ../09 with following differences:
e | Retort made of 1.4841
LB s '?—"-'-----—q—.---u.-....-...,.._.‘ X . . @
i iy ;/ 14 2 Without gas-circulation
E { kﬂu F s ',,'_1‘ :h_\ -/{ R0 000
= v Ry E
= I 4
2 I i
IEJ 10 f/_r hE. ‘A o )
-+ Material 1 I Pk .\'*-.'
« Material 2 Burionsta e L
" Material 3 '
1
a 00 00 600 A0 jle =]

Temperature [C]

Short and long-term durability of retort materials
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Retort furnace NRA 25/09 -3 Retort furnace NRA 150/09 with controls
H1700 and bayonet door lock

Basic version
Compact housing with removable stainless steel sheets
Controls and gas supply integrated in the furnace housing
Welded charging supports in the retort resp. air-baffle box in the furnaces with atmosphere circulation
Swivel door hinged on right side
Open cooling water system
Depending on furnace volume for 900 °C- and 1100 “C-models the control system is divided in one or more
heating zones
Furnace temperature control with measurement outside the retort
Gas supply system for one non-flammable protective or reaction gas with flow meter and magnetic valve
Port for vacuum pump for cold evacuation
Operation under vacuum up to 600 °C with optional single-stage rotary vane pump
Defined application within the constraints of the operating instructions
NTLog Basic for Nabertherm controller: recording of process data with USB-flash drive
Controls description see page 72

Additional equipment
Upgrade for other non-flammable gases, H, version for flammable gases see page 16 —
Automatic gas injection, including MFC flow controller for alternating volume flow, controlled with process control Vacuum pump for cold evacuation of the
H3700, H1700 retort
Vacuum pump for evacuating of the retort up to 600 °C, attainable vacuum up to 10-° mbar subject to selected
pump and furnace type
Indirect cooling see page 29
Direct cooling see page 29
Heat exchanger with closed-loop cooling water circuit for door cooling
Measuring device for residual oxygen content
Door heating
Temperature control as charge control with temperature measurement inside and outside the retort
Retort, made of 2.4633 for Tmax 1150 °C =
Process control and documentation via VCD software package or Nabertherm Control Center (NCC) for Process control H3700 for automatic
monitoring, documentation and control see page 72 version
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Hot-Wall Retort Furnaces up to 1100 °C

IDB Version for Debinding under
Non-flammable Protective Gases or for
Pyrolysis Processes

The retort furnaces of the NR and NRA
product line are perfectly suited for debinding
under non-flammable protective gases or for
pyrolysis processes. The IDB version of the
retort furnaces implements a safety concept
by controlled inerting the furnace chamber
with a protective gas. Exhaust gases are
burned in a termal post combustion. Both the
purging and the torch function are monitored
to ensure a safe operation.

A

Retort furnace NRA 400/03 IDB with
thermal post combustion system

Process control under monitored overpressure

Process control H1700 with PLC controls and graphic touch panel for data input
Monitored gas pre-pressure of the process gas

Bypass for safe flushing of furnace chamber with inert gas

Thermal post combustion of exhaust gases

H, Version for Operation with Flammable Process Gases

When a flammable process gas like hydrogen is used, the retort furnace is additionally equipped with the required
safety technology. Only certified and industry proven safety sensors are used. The furnace is controlled by a fail-safe
PLC control system (S7- 300F/safety controller).

Supply of flammable process gas at controlled overpressure of 50 mbar relative
Certified safety concept

Retort furnace NRA 300/09 H, for heat PLC controls with graphic touch panel H3700 for data input

treatment under hydrogen Redundant gas inlet valves for hydrogen

Monitored pre-pressures of all process gases

Bypass for safe flushing of furnace chamber with inert gas

Torch for thermal post combustion of exhaust gases

Emergency flood container for purging the furnace in case of failore

Model Tmax Model Tmax Work space dimensions in mm Useful volume | Electrical

@ © @ °C w d h inl connection*

NRA  17/.. 6500r900 |NR 17/11 1100 225 350 225 17 3-phase

NR  20/11 1100 225 400 225 20 3-phase

NRA  25/.. 6500r900 |NR 25/11 1100 225 500 225 25 3-phase

NRA  50/.. 6500r900 |[NR 50/11 1100 325 475 325 50 3-phase

NRA  75/.. 6500r900 |[NR 75/11 1100 325 700 325 75 3-phase

NR  80/11 1100 325 750 325 80 3-phase

NRA 150/.. 6500r 900 |NR 150/11 1100 450 750 450 150 3-phase

NR 160/11 1100 450 800 450 160 3-phase

NRA 200/.. 650 0r 900 |NR 200/11 1100 450 1000 450 200 3-phase

NRA 300/.. 650 0r 900 |NR 300/11 1100 590 900 590 300 3-phase

NRA 400/.. 650 0r 900 |NR 400/11 1100 590 1250 590 400 3-phase

NRA 500/.. 650 0r 900 |NR 500/11 1100 720 1000 720 500 3-phase

; NRA 700/.. 650 0r 900 |NR 700/11 1100 720 1350 720 700 3-phase
Charging of the retort furnace NRA 300/06 o\ 1060/ | 6500r900 | NR 1000/11 | 1100 | 870 1350 870 1000 3-phase

with a pallet truck
16
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Hot-wall retor furnace NRA 1700/06 with chargin frame. For grey room/clean
room installation for heat treatment of glass under protective gases.

With their high level of flexibility and innovation, Nabertherm offers the optimal
solution for customer-specific applications.

Based on our standard models, we develop individual solutions also for
integration in overriding process systems. The solutions shown on this page
are just a few examples of what is feasible. From working under vacuum or
protective gas via innovative control and automation technology for a wide
selection of temperatures, sizes, lenghts and other properties of retort furnaces
— we will find the appropriate solution for a suitable process optimization.

Hot-wall retort furnace NRA 3300/06 with automatic door opening for the
integration in a fully automatic quench & temper plant

.

Hot-wall retort furnaces NR 1000/11 in production

17



Manual or Semi-Automatic Tempering Plants for Hardening in Protective Gas with Subsequent
Quenching outside the Furnace

Semi-automatic annealing plant with retort furnace NR 50/11 and water quenching bath on rails

Processes such as hardening of titanium or hardening/carburization, carburizing of steel, which require a controlled
gas atmosphere with a subsequent quenching process, can be carried out with protective gas quenching and
tempering plants. Such a system consists of a hot-wall retort furnace and an external quenching bath. Depending
on the arrangement and design of the components, quenching delay times of up to 10 seconds can be achieved, so
that the components are exposed to air for a short time only.

Chamber retort furnaces or pit-type retort furnaces can be offered for heavy components, where the batch is
removed by crane after heat treatment and transferred to the quenching bath.

Depending on the requirements, the degree of automation can range from a purely manual version to a fully
automated system with manipulator.

The quenching medium shall be selected taking into account the material to be treated and may be water, polymer,
oil or a salt.

Additional equipment required for the process, such as cooling or heating or circulation of the medium, can be
offered as well.

In a manual quenching and tempering plant, the process control is carried out by means of a Nabertherm controller.
For more complex requirements, the controller is replaced by a PLC control. Process documentation in accordance

NR 50/11 with charging rack for manual re-
moval at high temperatures for quenching with current standards such as the AMS 2750 E (NADCAP) is also possible.
in an external bath

18
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Retort Furnaces for Catalytic Debinding
also as Combi Furnaces for Catalytic or Thermal Debinding

r |
= gl

The retort furnaces NRA 40/02 CDB and NRA 150/02 CDB are specially developed
for catalytic debinding of ceramics and metallic powder injection molded parts.
They are equipped with a gastight retort with inside heating and gas circulation.
During catalytic debinding, the polyacetal-containing (POM) binder chemically
decomposes in the oven under nitric acid and is carried out of the oven by a nitro-
gen carrier gas and burned in an exhaust gas torch. Both retort furnaces have a
comprehensive safety package to protect the operator and the surrounding.

Exectuted as combi furnace series CTDB these retort furnace can be used for either
catalytic or thermal debinding incl. presintering if necessary and possible. The
presintered parts can be easliy transferred into the sintering furnace. The sintering
furnace remains clean as no residual binder can exhaust anymore.

Retort made of acid-resistant stainless steel 1.4571 with large swiveling door
Four-side heating inside the retort through chromium steel tube heating
elements for good temperature uniformity

Horizontal gas circulation for uniform distribution of the process atmosphere
Acid pump and acid vessel (to be provided by the customer) accommodated in
the furnace frame

Gas-fired exhaust gas torch with flame monitoring Retort furnace NRA 40/02 with cupboard for the
acid pump

Extensive safety package with redundantly operating safety PLC for safe operation with nitric acid
Large, graphic process control H3700 for entering data and for process visualization

Emergency tank for flushing in case of a failure

Defined application within the constraints of the operating instructions

Version NRA .. CDB
Tmax 200 °C
Automatic gas supply system for nitrogen with mass flow controller
Adjustable acid volume and correspondingly adjusted gas spply volumes

Version NRA .. CTDB
Availabel for 600 °C and 900 °C with atmosphere circulation

Additional equipment
Scale for the nitric acid vessel, connected to the PLC monitors the acid consumption and visualizes the fill level of
the acid vessel (NRA 150/02 CDB)
Lift truck for easy loading of the furnace
Cupboard for acid pump
Process control and documentation via Nabertherm Control Center (NCC) for monitoring, documentation and
control see page 72

Retort with internal heating

Model Tmax Inner dimensions in mm Volume Outer dimensions® in mm Heating Electrical Weight Acidic quantity Nitrogen
power in
°C w | d | h inl W | D | H kW2 | connection* | in kg (HNO,) (N,)
NRA 40/02CDB | 200 | 300 ‘ 450 ‘ 300 ‘ 40 ‘ 1400 ‘ 1600 ‘ 2400 ‘ 2 ‘ 3-phase’ ‘ 800 ‘ max. 70 mi/h 1000 I/h
NRA 150/02 CDB 200 450 700 450 150 1650 1960 2850 20 3-phase’ 1650 max. 180 mi/h max. 4000 I/h
'Heating only between two phases *Please see page 73 for more information about supply voltage
2Depending on furnace design connected load might be higher SExternal dimensions vary when furnace is equipped with additional equipment. Dimensions on request.
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Bottom Loading Retort Furnaces up to 1100