MORE THAN HEAT 30-3000°C

Furnaces and Heat Treatment Plants for

Powder Metallurgy

Technical Ceramics

Bio Ceramics

Additive Manufacturing, 3D-Printing

MLCC, LTCC, HTCC

MIM, CIM

Lamps/Illuminants/LED

Fuel Cell/Battery Manufacturing

Photovoltaics

Crystal Growth

Polymerization

Energy Efficiency Technology I Made
Bin

www.nabertherm.com Germany



L s

P -~

Made in Germany

Nabertherm with 450 employees worldwide have been developing and producing industrial furnaces for many
different applications for over 60 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 inhouse 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 department 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 and distribution partners in all important world markets
ensure individual on-site customer service and consultation. There are various reference customers in your
neighborhood who have similar furnaces or systems.

Large Customers Test Center
s 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 Advanced Materials, 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 your individual needs without expensive modifications.
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Concepts for Drying, Debinding, Thermal Cleaning and Wax Burnout

Process

Atmosphere

Maximum Temperature
for Debinding

Organic Quantity

Requirement

Concept

Furnace Type

For Debinding

For Debinding and
Sintering

Post-Treatment of
Exhaust Gases

Furnace Heating

1) Air
2) Protective gas

Drying Solvents

|

v v
Air Inert

V ‘ v v
300°C 450 °C 450 °C

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

TR .. LS, page 20

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

KTR, page 22
NA .. LS, page 18
NAC, page 17
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Organic quantity low

v

Increased requirement for
temperature uniformity

v

LSI

Acc. to EN 1539 Type B.
Monitored inert rendering
with low volume of residual
oxygen.

v

KTR .. LSI, page 22
NAC, page 17
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450 °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 18
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Debinding

v v v

Air Reaction gas Catalytic

v v V v v v

650 °C 850°C 650 °C 600°C 600 °C 120°C
\ v v v v v
Organic quantity low Organic q:iz;rtl]tity low to Organic quantity high Organic q#izr;]tity low to Organic qu]Jizr;]tity low to Organic quantity low Organic q#izr;]tity low to

v \ v v \ v v v

Low requirement for
temperature uniformity

v

DB50

Monitored air exchange.

Fresh air, unheated.

Furnace in overpressure.

LH .. DB50, page 70
HT .. DB50, page 46
N .. DB50, page 38

v

Separate catalytic afterburning
system

Separate thermal afterburning system

Increased requirement for
temperature uniformity

v v

DB100 DB200

High requirement for
temperature uniformity

Monitored air exchange.
Pre heated fresh air. Active
venting with the exhaust
gas integrated exhaust
gas fan. Controlled
furnace underpressure.

v

NA .. DB200, page 18
N .. HA DB200, page 18

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

H .. DB100, page 34
HT .. DB100, page 46/50
N .. DB100, page 36
W .. DB100, page 30

H .. DB200, page 34
HT .. DB200, page 46/50
N .. DB200, page 36
W .. DB200, page 30

Separate catalytic afterburning
system
Separate thermal afterburning system

Catalytic afterburning
Thermal afterburning

Low requirement for
temperature uniformity

v

BO

Debinding process with
control difficulties of
heating ramp (exothermic
reaction). Safe ignition of
ignitable mixtures.

N .. BO, page 29
NB .. BO, page 29
W .. BO, page 30
WB .. BO, page 42

Thermal afterburning

Electric

Gas

Low residual oxygen
concentration

v

IDB

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

\

NA .. IDB, page 18
N .. HA IDB, page 18

Thermal afterburning

No residual oxygen
concentration

v

IDB

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

v

NRA .. IDB, page 58
SRA .. DB, page 61

NR .. IDB, page 58
SR .. IDB, page 61
VHT .. IDB, page 62

v

Flare
Thermal afterburning
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High requirement for
temperature uniformity

v

Thermal debinding in
hydrogen atmosphere.
Safe monitored air
exchange.

v

NRA .. H,, page 58
SRA .. H,, page 61

NR H,, page 58
SR .. H,, page 61
VHT .. H,, page 62

v

Flare

High requirement for
temperature uniformity

v

CDB

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

v

NRA .. CDB, page 68

Flare

Thermal Cleaning, Ashing

v v

Air Reducing

v v
850°C 500 °C

Organic quantity high

v

Low requirement for
temperature uniformity

v

BO

Safe ignition of ignitable
mixtures.

N .. BO, page 29
NB .. BO, page 29
W .. BO, page 30
WB .. BO, page 42

Thermal afterburning

Organic quantity high

v

Low requirement for
temperature uniformity

v

CL

Low oxygen concentration.
Pyrolysis of the organic
components. Prevention of
open incineration.

v

NB .. CL, page 28

Thermal afterburning
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Dewaxing Furnaces

i

Air

< Flashpoint of wax

Organic quantity high

v

Low requirement for
temperature uniformity

v

WAX

Safe dewaxing below
the melting point of wax.
Subsequent sintering
possible.

N .. WAX, page 26

> Flashpoint of wax

Organic quantity high

v

Low requirement for
temperature uniformity

v

BOWAX

Flashfire processes.
Dewaxing/incineration
and sintering. Dewaxing/
incineration above the
flashpoint. Filling the hot
furnace.

NB .. BOWAX, page 27

v

Thermal afterburning

Gas
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Safety Concept for Debinding
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Debinding of technical ceramics is a critical process due to the released hydrocarbons which subject to the
corresponding concentration can cause a formation of an ignitable mixture inside the furnace. Depending on the
process and the quantity of binder, Nabertherm offers tailored passive and active safety packages to ensure a safe
operation of the furnace.

I. Debinding in Air

1. 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.

1.1. Passive Safety Concept

Nabertherm debinding furnaces are generally equipped with a passive safety concept to allow for a slow
vaporization of flammable substances. The electrically heated furnaces work according to the dilution principle by
introducing fresh air to reduce the degassing from the charge to a non-ignitable atmosphere in the furnace. The
customer has to define the quantity of organic materials as well as the temperature curve, to make sure that the
maximum permissible rate of vaporization is not exceeded. Thus, the customer is responsible for the function of

the safety concept. The furnace DB safety package monitors all safety-relevant process parameters and initiates

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

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.

Monitored process states for safe operation:
Exhaust gas volumetric flow rate
Function of air circulation
Temperature gradient: If the heating gradient, selected by the customer is exceeded, the furnace is immediately
switched off.

DB50 Debinding Package for Laboratory Furnaces

The DB50 debinding package is especially suitable for laboratory furnaces and for processes with low vaporization
rates. The furnace is equipped with a fresh air fan. The fresh air fan is pre-set in the factory for the minimum volume
of fresh air required for the debinding process. The furnace is operated with overpressure during the debinding
process.

Monitored process states for safe operation:
Fresh air volumetric flow rate
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DB100 Debinding Package for Production Furnaces with Radiation Heating
The DB100 debinding package is the basic option for safe debinding in furnaces with radiation heating. The furnace

is equipped with a fresh air fan and a fresh air preheater. The fresh air fan is pre-set in the factory for the minimum
volume of fresh air required for the debinding process. The furnace is operated with overpressure during the
A

debinding process. Exhaust air and exhaust gas are blown out via an outlet equipped with a motor driven flap into an
exhaust hood with exhaust interruption. This is the interface to the customers exhaust air system.

Monitored devices and process states for safe operation:

2o
N

Electromagnetic door lock I _,-f“ t
Redundant fresh air volumetric flow rate A -
Position of the fresh-air flap 1'(* \f-r
Position of the exhaust air flap
Temperature gradient = %

Power loss (emergency program after power has returned) Air
Fresh air fan

Thermocouple break

The furnace controls respond differently depending on the specific malfunction and put the furnace into a safe

condition.

DB200 Debinding Package for Production Furnaces with Air Circulation or Radiation Heating

The DB200 debinding package is the professional solution for the variable ceramics production because it can be
used flexibly for different debinding processes and also for frequently changing debinding processes. Like with the
DB100 debinding package, the fresh air required for the process is preheated. The air is introduced via perforated
ceramic tubes that blow the preheated air into the furnace chamber horizontally. This ensures very good heat
transfer and improves the temperature uniformity.

As opposed to the DB100 debinding package, exhaust air and exhaust gas are extracted via separate outlets,
each equipped with a motor driven flap. The furnace is equipped with a fresh air fan and an exhaust gas fan. Both
devices are reconciled so that the volume of air required for the debinding process is blown in and, at the same
time, negative pressure is controlled in the furnace chamber. The exhaust gases during the debinding phase are
extracted through the exhaust gas outlet, which is connected directly to the local exhaust gas piping. Due to the
direct connection, the exhaust gas volumes are reduced and subsequent exhaust gas treatment systems can be
dimensioned smaller. For cooling, the exhaust air blown out into the exhaust hood with exhaust interruption, which
is the interface to the customer’s exhaust air system.

Monitored devices and process states for safe operation:
Electromagnetic door lock
Redundant fresh air and exhaust gas volumetric flow rate
Position of the fresh-air flap
Position of the exhaust gas flap
Position of the exhaust air flap
Temperature gradient
Power loss (emergency program after power has returned)
Fresh air fan
Malfunction of exhaust gas fan
Underpressure in the furnace chamber
Thermocouple break
The furnace controls respond differently depending on the specific malfunction and put the furnace into a safe
condition
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The main differences and/or advantages between the DB100 and DB200 debinding packages are:
Automatic control of the exhaust gas fan in relation to the selected volume of fresh air. This is beneficial for
temperature management (uniform temperature) and an adaptable extraction of the exhaust gas volumes.
Reduced odors and condensation in the exhaust gas piping.
Perforated tubes in the furnace chamber for even distribution of preheated fresh air throughout the horizontal
charging levels
Exhaust gas system can be dimensioned smaller, since no cold air is added via an exhaust interruption system
(energy efficiency).

1.2. Active Safety Concept

Alternatively, the passive safety concept can be upgraded into an active safety system with additional equipment
so that safety is monitored actively. The current limit concentrations in the furnace are monitored by flame thermal
analysis (FTA). Accordingly, the fresh air and exhaust gas fans, as well as the furnace heating, are controlled
automatically. For example, if the furnace is in an unsafe condition, due to overloading, too rapid heating gradients
or too little fresh air, the necessary emergency program is initiated depending on the process step.

2. BO Safety Concept in Electrically Heated Furnaces for Processes with High Vaporization Rates
The BO safety concept that burns off ignitable gas mixtures by means of an additional gas-fired ignition burner
can be used to burn off organic residues. The concept is recommended for products that are resistant against an
uncontrolled temperature rising during the firing process. Please see page 10 for a detailed description of this
safety concept.

3. Debinding in Direct Gas-Fired Furnaces

Compared to electrically heated furnaces, gas fired furnaces have the advantage that large quantities of released
hydrocarbons are incinerated directly in the furnace during the process. In this respect, gas-fired furnaces are
especially suitable if the vaporization process is difficult to manage, for example, due to high vaporization dynamics.
Complex process controls or long process times are avoided even for dynamic processes with a high degree

of released hydrocarbons. Gas-fired furnaces are especially suitable for debinding when precise temperature
management or optimum temperature uniformity during debinding are not top priority.

Il. 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
Low Residual Oxygen

The IDB safety concept with an inert atmosphere in protective gas boxes is ideal for debinding processes under
protective gas where a small amount of residual oxygen for the materials is permitted. The furnace technology in
combination with a protective gas box made from heat-resistant stainless steel has a very good price performance
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.

Monitored inert gas pre-flushing and conservation flushing in the protective gas box

Monitor of inert gas inlet pressure

Monitored flushing of the furnace chamber with fresh air to dilute the furnace atmosphere in case of any leakages
of the protective gas box



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
are incinerated in an exhaust gas torch. The flushing and the torch function are monitored to ensure safe operation.

Process management under monitored overpressure of 35 mbar relative
Failsafe Siemens PLC and graphic touch panel to enter data

Monitored process gas inlet pressure

Bypass for safe flushing of the furnace chamber with inert gas

Torch for thermal incineration of the exhaust gases

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).

Inlet of flammable process gas with controlled overpressure

Certified safety concept

Process control H3700 with PLC control and graphic touch panel to enter data

Redundant gas inlet valves for hydrogen

Monitored inlet pressures of all process gases

Bypass for safe flushing of the furnace chamber with inert gas

Torch (electric or gas) for thermal afterburning of lammable process gas

Emergency flood container for purging the furnace with protective gas in case of malfunction

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.
Monitoring the pumping rate of the acid pump
Nitrogen volumetric flow with redundant flow sensors
Failsafe Siemens PLC
Over-temperature limit controller to monitor excess and low temperatures
Emergency flood container for purging the furnace with protection gas in case of malfunction
Torch for thermal incineration of the exhaust gases
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I. BO Safety Concept for Processes with High Organic Vaporization Rates

The BO safety concept is recommended for processes with high vaporization dynamics that are difficult to control.
Diluting the furnace atmosphere with air is not sufficient to guarantee non-ignitable mixtures in the furnace.
Examples of this are processes with high binder amounts or rapid vaporization rates. This furnace concept is also
suitable for processes in which the product is incinerated through ignition.

Air is continuously added to the furnace atmosphere to ensure a constant surplus of air. If, despite of this, an
ignitable mixture forms in the atmosphere, this is ignited by a gas-fired ignition burner in the furnace. The system
ensures that no considerable ignitable concentrations can form and ensures a safe incineration of the generated
gases. The concept is recommended for products that are resistant against an uncontrolled temperature rising
during the firing process. Debinding of organics can also be done at temperatures above 500 °C. Depending on the
furnace model, the burn-off process can be followed by a subsequent process to max. 1400 °C.

Monitored devices and process states for safe operation:
Temperature-controlled door lock
Gas inlet pressure of burner system
Flame of the ignition burner
Flow rate of fresh air
Exhaust gas flow
The furnace controls respond differently depending on the specific malfunction and put the furnace into a safe
condition

Il. NB..CL Safety Concept for Thermal Cleaning through Pyrolysis

The NB .. CL safety concept is used for thermal cleaning of components through pyrolysis, i.e. in a low-oxygen
atmosphere. Examples are thermal cleaning of coated steel surfaces or nozzles of plastic injection molding
machines. The furnaces are gas fired and have an integrated thermal afterburning system, which is also gas fired.
The preset reducing atmosphere in the furnace effectively prevents the charge from self ignition to avoid damage
caused by flames and the resulting temperature increase. The exhaust gases are extracted from the furnace into the
integrated thermal afterburning system, where they are incinerated. Residue-free conversion is possible, depending
on the type of exhaust gas. The NBCL safety concept is not suitable for evaporating solvents or for products with a
high water content.

Monitored devices and process states for safe operation:
Gas inlet pressure of burner system
Ensuring the thermal afterburning function: The furnace is equipped with a multi-stage safety monitoring system
so that no untreated exhaust gases can escape. If the temperature in the thermal afterburning system rises
above a set limit due to the generated volume of exhaust gases, the furnace gas heating switches from high to
low load until the temperature in the thermal afterburner falls below the limit value again. If this is not sufficient
because the volume of exhaust gases generated in the furnace is too high, the furnace heating is switched off
and the process is interrupted.
Pressure relief flap: in case of a pressure shock in the furnace, for example, due to incorrect charging or process
control, a pressure relief flap is triggered to prevent the housing rupturing. The process is stopped.
Extinguishing system: In case of unwanted self-ignition, fires can be extinguished with an ABC extinguisher
through a special opening in the furnace
Door lock: when the process starts, the door is electrically locked
The furnace controls respond differently depending on the specific malfunction and put the furnace into a safe
condition
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lll. WAX Safety Concept for Electrically Heated Furnaces to Melt Out Wax below its
Flashpoint

Furnaces of the WAX series with the corresponding safety concept are suitable for dewaxing parts, e.g. ceramic
molds, below the wax flashpoint. The melted wax is collected in a container underneath the furnace. This collection
container is positioned in an airtight drawer which can be removed for emptying. The wax runs through a grid into
a funnel-shaped drain in the base of the furnace. The drainage channel is heated to stop the wax hardening. The
furnace program is started only when the set temperature of the drain is reached. The customer has to choose the
melting temperature and the melting time. When the melting process is complete, the furnace can be heated to e —y
850 °C to sinter the molds. til

Monitored safety functions for safe processes

Temperature of the wax drain

Two independent over-temperature limiters

- First over-temperature limiter is set below the wax flashpoint. This prevents the wax from igniting during the
melting process. The customer sets the duration of the dewaxing process. When this time has elapsed, the
program deactivates the over-temperature limiter so that the furnace can continue the sintering process.

- Second over-temperature limiter with manual reset as over-temperature protection for the furnace and the
charge during sintering

IV. BOWAX Safety Concept to Melt Out/Burn Wax above its Flashpoint (Flashfire
Dewaxing)

Gas-fired furnaces with the BOWAX safety concept are designed to melt out and burn- off wax above its flashpoint.
Flashfire processes cause the wax to melt out suddenly. The hot furnace is charged i.e. at a temperature above

750 °C. This principle can also be used for large quantities of wax or if the flashpoint is unknown. The same applies = ,. N |
to large quantities of residual wax that cannot be melted out using conventional methods. . N e +

_-L Iy — — _
Part of the wax melts and runs through a drain in the furnace bottom into a container filled with water. The second I L
part of the wax vaporizes and forms an ignitable mixture in the furnace. This is ignited by a gas-fired ignition burner ' \“”_,. .. = [=
in the furnace. The furnace has an integrated thermal afterburning system that cleans the remaining exhaust gases ___5}:_:-.,—,-3_.:5._;_“@
and minimizes odors. - ] §

The ignition may cause uncontrolled temperature increases in the furnace. Therefore, the charge must be able to - -
withstand temperature fluctuations and temperatures > 1000 °C.

Monitored safety functions for safe processes
Gas pressure of the burners
Flame monitoring of the burners
Over-temperature limiter with manual reset as over-temperature protection for the furnace and charge
Electromagnetic lift door lock, when the furnace has been charged
Display when the permitted charging temperature is reached

1"
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V. 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.

EN 1539 distinguishes between safety concept types A and B.

1. Safety Concept EN 1539 Type A
The safety concept relates to preventing the formation of explosive mixtures through continuous air exchange in the
entire vapor space.

ﬂ.}_ Implementation of the standard requirements
An exhaust gas fan ensures continuous ventilation in the dryer or furnace. The fan functionis monitored for safe
performance. The vapors occurring during heat treatment are extracted from the furnace chamber with the aid of

g_.. ,_g the exhaust gas fan.

T ! The air exchange rate is ensured via a differential pressure system (differential pressure monitoring of the air
E_: :_i circulation and the exhaust gas). If the system reports a fault, the furnace alarms malfunction and the heating is
I, -~ t d

T by stopped.

e -~ Underpressure ensures that the solvent safely exits the furnace

The interior of the furnace is completely welded and prevents from solvent penetration and accumulation in the
insulation

Air

NABERTHERM specifies the amount of solvents that can be introduced in relation to the working temperature and
furnace model. The amount of solvent is calculated in relation to the worst case scenario; in other words, rapid
vaporization of solvent on the largest possible surface area.

The standard also allows for exceptions where in the case of lower vaporization rates larger
quantities of solvents per charge may be introduced to the dryer. Therefore, the customer has to assess the
process to comply with the permitted solvent amounts.

When mold varnishes are being dried, the standard values can be increased by a factor of 10. If the customer’s
process involves drying of impregnating resin (e.qg. for transformers, motor windings, etc.), the maximum quantities
of flammable materials calculated for rapid vaporization can even be increased by a factor of 20. Depending on the
process, customer must comply with the current valid standards.

The high rate of air exchange results in relatively high energy consumption. According to EN 1539, when the

main vaporization time has expired, the minimum volumetric flow rate of the exhaust air may be reduced to 25 %.
According to the norm, the main vaporization time is the time in which the main amounts of flammable substances
are released. For dryers with safety technology, Nabertherm offers an additional control system to implement this
energy saving option. Customers must set and acknowledge the end of the main vaporization time. When this time
has elapsed, the system reduces the volumetric flow rate of the exhaust gas accordingly.

12
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2. Safety Concept EN 1539 Type B

EN 1539-B describes an alternative safety concept based on dilution of the air in the furnace atmosphere. The
safety concept specifies preventing the formation of explosive mixtures by limiting the oxygen concentration in every
area of the vapor space.

Before the start of the process and after the debinding process the gas-tight container is flushed automatically with
inert gas, which is monitored, to prevent flammable or explosive mixtures forming.
During the process, the flushing is safely monitored.

MAVAW AW WA WA WaWay

t1414119

TATAYAY AT AYAY A"
o

Implementation of the standard requirements Ll Ll
Process control via failsafe PLC (F-PLC) Protective gas
Overpressure monitoring in the furnace
Monitoring process gas inlet pressure and emergency flushing path
Monitoring the door lock to prevent unauthorized opening of the furnace during operation
In case of a malfunction, the furnace is flushed and the heating and air circulation are deactivated. The customer
must provide for a failsafe protective gas supply.

The oxygen concentration is monitored with oxygen sensors located in the exhaust gas stream.

Process Optimization by Nabertherm with Flame lonization Detector (FID)

The binder removal often accounts for the largest part of the overall process time. Consequently, there is a lot of
potential in this sequence to optimize the process curve times.

For process optimization, Nabertherm offers a production accompanying analysis of the debinding process by
means of FID measurement. The aim of the measurement is to determine a possible reduction of the process time,
an increase in throughput and an associated reduction of production costs. Based on the recommendations, the
customer checks and validates the practical feasibility with respect to the material properties of his charge.

Process analysis including FID measurement and recommendations for potential process optimization

- Recording of the current raw gas values using FID measurement

- Evaluation and determination of periods with lower vaporization activity fh
- Provision of the FID measurement device Process curves before and after optimi-
- Preparation of the evaluation and reports zation

Process adjustment

- Proposals for an optimized temperature profile

- Implementation of the proposal, by performing one process cycle with accompanying measurement and
evaluation after the customer has approved the proposal

- Recommendations for the customer to carry out further optimization steps if feasible

13



Catalytic and Thermal Afterburning Systems, Scrubber

For exhaust gas cleaning, in particular in debinding, Nabertherm offers exhaust gas cleaning
systems tailored to the process. The afterburning system is permanently connected to the exhaust
gas fitting of the furnace and accordingly integral part of the control system and the safety matrix of
the furnace. For existing furnaces, independent exhaust gas cleaning systems are also available that
can be separately controlled and operated.

Catalytic afterburning systems (KNV)
Catalytic exhaust cleaning is recommended due to energetic reasons when only pure hydrocarbon compounds must

Catalytic afterburning system independent . L. - !
from furnace model for refitting on existing be cleaned during the debinding process in air. They are recommended for small to medium exhaust gas amounts.

plants

Perfectly suited for debinding processes in air with only organic exhaust gases

Decomposition of gases in carbon dioxide and water

Integrated in a compact stainless steel housing

Electric heating provides for preheating of the exhaust gas to the optimal reaction temperature for catalytic
treatment

Cleaning in different layers of catalytic honeycombs within the system

Thermocouples for measuring the temperatures of raw gas, reaction honeycombs and discharge
Over-temperature limiter with adjustable cutout temperature protects the catalyst

Tight connection between the exhaust gas outlet of the debinding furnace and the exhaust gas fan with
corresponding integration into the overall system with respect to control and safety technology
Catalyst dimensioned in reletion to the exhaust gas flow

Measuring port for clean gas measurements (FID)

Air circulation chamber furnace
NA 500/65 DB200 with catalytic afterbur-
ner system.

(4l

Scheme of a catalytic afterburning system

14
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Thermal afterburning systems (TNV) Air circulation chamber furnace
Thermal afterburning systems are used if large volumes of exhaust gas from the debinding process in air must be :i::(s)\% ?:mHA IDB with thermal afterbur-
cleaned and/or if there is a risk that the exhaust gases might damage the catalyst. Thermal afterburning is also used

for debinding applications under non-flammable or flammable protective or reaction gases.

Optimally suited for debinding processes in air with large exhaust gas flow, erratic large exhaust gas volumes,
large volume flow or for debinding processes under non-flammable or flammable protective or reaction gases

Gas-fired to burn the exhaust gases

Burn-off at temperatures up to 850 °C provides for thermal
decomposition of the exhaust gases

Heating with compact gas burner with automatic firing
device

Thermocouples in the combustion chamber and in the raw
gas inlet

Over-temperature limiter for protecting the thermal
afterburning

Design depending on the exhaust gas flow

Measuring port for clean gas measurements (FID)

Scheme of a thermal afterburner system

Scrubber

A scrubber will be often used if the generated gases cannot be effectively treated with a thermal afterburner system

or with a torch. To clean, detox or decontaminate the exhaust gas stream a liquid us used to wash or neutralize

unwanted pollutants. The scrubber can be adapted to the process by designing its liquid distribution and contact

area and by selecting the most suitable washing liquid. Liquids may simply be water or special reagents or even y

suspensions to successfully remove unwanted gases, liquids or particles from the exhaust gas. Scrubber to cleagenerated process
gases by washing out

°C
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Additive Manufacturing, 3D-Printing

Additive manufacturing allows for the direct conversion of design construction files 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.

Retort furnace NR 150/11 for annealing of
metal parts of 3D- printing

Metals

Oven TR 240 for drying of powders
Debinding

Sintering
Stress-relieving
- Solution annealing
Hardening

C -
:..'! i
41 &
. under Protective Gases, Reaction

Gases or in Vacuum

Chamber dryer KTR 2000 for binder curing
after 3D-printing i

Chamber furnaces with gas-supply
boxes

see page 18

Hot-wall retort furnaces
see page 58

Compact tube furnace for sintering or
annealing under protective gases orin a

vacuum after 3D-printing
Cold-wall retort furnaces

see page 62

-
] F = See also catalog
Thermal Process Technology

i
P L W

!aéﬂ'ﬂ

Ceramics, Glass, Composites,

Sand

i

Debinding
Sintering
Drying
Curing

in Air

Debinding in chamber furnaces with
air-circulation

Sintering in chamber furnaces

Debinding and Sintering in combi
furnaces

Dewaxing Furnaces

See als concepts for drying,
debinding, thermal cleaning and
wax burnout on page 4

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

In most cases, these objects must be heat treated after printing. Nabertherm offers solutions from binder curing for
conservation of the green strength up to vacuum furnaces in which the objects of metal are annealed or sintered.

Plastics

Curing
Tempering
Drying

in Air

Ovens
Chamber dryers
Air circulation chamber furnaces

See als concepts for drying,
debinding, thermal cleaning and
wax burnout as well as catalog
Thermal Process Technology

Also, concomitant or upstream processes of additive manufacturing require the use of a furnace in order to achieve

HT 160/17 DB200 for debinding and sinte-
the desired product properties, such as heat treatment or drying the powder.

ring of ceramics after 3D-printing
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Clean Room Solutions

Clean room applications impose particularly high requirements to the design of the
chosen furnace. If the complete furnace is operated in a clean room an essential
contamination of the clean room atmosphere must be avoided. Especially, the
particle contamination must be reduced to a minimum.

The specific application determines the choice of the required furnace technology.
In many cases air circulation furnaces are required to achieve the necessary
temperature uniformity at lower temperatures. For higher temperatures,
Nabertherm has also delivered many furnaces with radiant heating.

Furnace Installation in the Clean Room

If the complete furnace is supposed to be positioned in the clean room, then it is
important that both the furnace chamber and the furnace housing as well as the

controls provide for good protection against contamination. Surfaces must be _ KTR 8000 designed as a production oven in
easy to clean. The furnace chamber is tightly sealed to the insulation behind it. the clean room with filters for air circulation
If necessary, additional equipment such as filters for the fresh air supply or the

air circulation in the furnace can be used to improve the cleanliness class. It is

recommended to install the switchgear and the furnace controls outside the clean room.

Furnace Installation in the Grey Room, Furnace Charging from the Clean Room

Optimal results with respect to cleanness will be achieved by placing the furnace in the grey room with
charging from the clean room. This significantly reduces the amount of costly space needed in the clean room
to a minimum. The front and the furnace interior in the clean room are designed for easy cleaning. With this
configuration even the highest clean room classes can be achieved.

Sluice Furnace between Grey Room and Clean Room

Logistics between clean room and grey room can often be easily sorted out. Lock furnaces with one door
in the grey room and the other door in the clean room are the perfect choice for these applications. The
inner chamber as well as the furnace front in the clean room will be especially designed for lowest particle

contamination. ~ Aircirculation chamber oven NAC 120/65
with clean room specs

Please contact us if you are looking for a heat treatment solution under clean room conditions. We would be pleased
to quote for the oven or furnace model that meets best your requirements.

the clean room; switchgear and furnace

I
.= High-temperature furnace with loading from
i installed in grey room

Hot-wall retort furnace NRA 1700/06 with charging Clean/Grey room solution with charging
frame for installation in grey room with charging door and operating in clean room
in clean room

17



Air Circulation Chamber Furnaces, Electrically Heated
Also for Debinding in Air and under Protective Gases

NA 120/45 NA 250/45

Chamber furnaces with air circulation are characterized particularly by their very good temperature uniformity. As

a result, they are well suited for processes such as calcination and drying e.g. ceramic materials. The design as a
debinding furnace for safe debinding in air or in an inert atmosphere is possible. When used for debinding in air the
exhaust gases are diluted by fresh air to reliably prevent an inflammatory atmosphere in the furnace chamber. For
debinding processes that have to take place under inert gas, the IDB passive safety concept with a residual oxygen
content of max. 3 % is recommended.

Tmax 450 °C, 650 °C, or 850 °C

Stainless steel air-baffles in the furnace for optimum air circulation

Swing door hinged on the right side

Base frame included in the delivery, N 15/65 HA designed as table-top model

Horizontal air circulation

Temperature uniformity up to +/- 5 °C according to DIN 17052-1 (model N 15/65 HA up to +/- 7 °C) see page 75
Optimum air distribution enabled by high flow speeds

One removable tray and rails for two additional trays included in the scope of delivery (N 15/65 HA without

Air circulation chamber furnace
NA 120/45 DB10 for debinding in air removable tray)

Defined application within the constraints of the operating instructions

NTLog Basic for Nabertherm Controller: Recording of process data with USB-flash drive (NA 30/45 -
N 675/85 HA)

Controls description see page 76

Additional equipment (not for model N 15/65HA)
Optimization of the temperature uniformity up to +/- 3 °C according to DIN 17052-1 see page 75
Fan cooling to accelerate the cooling process
Motor driven exhaust air flaps
Manual lift door (up to model N(A) 250/.. (HA))
Pneumatic lift door
Adjustable air circulation for sensitive components

18
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Air circulation chamber furnace N 250/65 HA IDB with gas supply box for Air circulation chamber furnace
debinding und protective gases N 500/65 HA DB200 for debinding in air
with catalytic afterburner system

Additional removable trays

Roller conveyor in furnace chamber for heavy charges

Designed for Tmax 950 °C

Debinding packages with safety concept starting from 120 liters volume, see page 6 - 8

Process control and documentation via VCD software package or Nabertherm Control Center (NCC) for
monitoring, documentation and control see page 76

Model Tmax | Inner dimensions in mm | Volume Outer dimensions in mm Heating Electrical | Weight
°C w d h inl w D H  |power in kW connection* | in kg
NA 30/45 450 290 420 260 30 1040 1290 1385 3.0 1-phase 195
NA 60/45 450 350 500 350 60 1100 1370 1475 6.0 3-phase 240
NA 120/45 450 450 600 450 120 1200 1470 1575 9.0 3-phase 310
NA 250/45 450 600 750 600 250 1350 1650 1725 12.0 3-phase 610
NA 500/45 450 750 1000 750 500 1500 1850 1800 18.0 3-phase 1030
NA 675/45 450 750 1200 750 675 1500 2050 1800 24.0 3-phase 1350
N 15/65 HA | 650 295 340 170 15 470 | 845 460 2.4 1-phase 55

N 30/65HA | 650 | 290 420 260 30 607 +255| 1175 | 1315 D6 3-phase’ 195
N 60/65HA | 650 | 350 500 350 60 667 +255| 1250 | 1400 9.0 3-phase 240

N 120/65 HA | 650 | 450 600 450 120 767 +255| 1350 | 1500 13.0 3-phase 310
N 250/65 HA | 650 | 600 750 600 250 1002 +255| 1636 | 1860 20.0 3-phase 610
N 500/65 HA | 650 750 1000 750 500 | 1152+255| 1886 | 2010 30.0 3-phase 1030
N 675/65 HA | 650 750 1200 750 675 | 1152+255| 2100 | 2010 30.0 3-phase 1350
N 30/85HA | 850 290 420 260 30 607 +255| 1175 1315 5.5 3-phase’ 195
N 60/85HA | 850 | 350 500 350 60 667 +255| 1250 | 1400 9.0 3-phase 240

N 120/85 HA | 850 | 450 600 450 120 767 +255| 1350 | 1500 13.0 3-phase 310
N 250/85 HA | 850 | 600 750 600 250 |1002+255| 1636 | 1860 20.0 3-phase 610

N 500/85 HA | 850 750 1000 750 500 | 1152+255| 1886 | 2010 30.0 3-phase 1030
N 675/85 HA | 850 750 1200 750 675 | 1152 +255| 2100 | 2010 30.0 3-phase 1350
'Heating only beetween two phases *Please see page 77 for more information about supply voltage

2Depending on furnace design connected load might be higher
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Ovens, also with Safety Technology According to EN 1539
Electrically Heated

Electrical rotating device as additional
equipment

different layers

20

TR 240

TR 60 - TR 1050

With their maximum working temperature of up to 300 °C and forced air circulation, the ovens achieve a perfect
temperature uniformity which is much better than in ovens of most competitors. They can be used for various
applications such as e.g. drying, sterilizing or warm storing. Ample warehousing of standard models provides for
short delivery times.

Tmax 300 °C

Working temperature range: + 5 °C above room temperature up to 300 °C

Ovens TR 60 - TR 240 designed as tabletop models

Ovens TR 450 and TR 1050 designed as floor standing models

Horizontal, forced air circulation results in temperature uniformity better than +/- 5 °C see page 75
Stainless steel chamber, alloy 304 (AISI)/(DIN material no. 1.4301), rust-resistant and easy to clean
Large handle to open and close the door

Charging in multiple layers possible using removeable grids (number of removeable grids included, see table to
the right)

Large, wide-opening swing door, hinged on the right with quick release for models TR 60 - TR 450
Double swing door with quick release for TR 1050

TR 1050 equipped transport rollers

Infinitely adjustable exhaust at the rear wall with operation from the front

PID microprocessor control with self-diagnosis system

Solid state relays provide for low-noise operation

Defined application within the constraints of the operating instructions

Controls description see page 76



TR 450

Additional equipment

Over-temperature limiter with adjustable cutout temperature for thermal protection
class 2 in accordance with EN 60519-2 as temperature limiter to protect the oven and
load

Infinitely adjustable fan speed of the air circulation fan

Window for charge observing

Further removeable grids with rails

Side inlet

Stainless steel collecting pan to protect the furnace chamber

Safety Technology according to EN 1539 for charges containing liquid solvents
(TR .. LS) up to model TR 240 LS, achievable temperature uniformity +/- 8 °C see
page 75

Transport costors for model TR 450

Various modifications available for individual needs

Upgrading available to meet the quality requirements of AMS 2750 E or FDA
Process control and documentation via VCD software package for monitoring,
documentation and control see page 76

Model Tmax| Inner dimensions |Volume| Outer dimensions Heating Electrical |Weight|Grids in-|Grids | Max.
inmm inmm
°C w d h inl w D H [power in kW?|connection*| in kg | cluded | max. |total load'
TR 60 300 | 450 | 390 | 350 | 60 | 700 | 610 [ 710 3 1-phase 90 1 4 120
TR 60 LS| 260 | 450 | 360 [ 350 | 57 | 700 | 680 | 690 6 3-phase 92 1 4 120
TR 120 300 | 650 | 390 [ 500 [ 120 | 900 | 610 | 860 3 1-phase | 120 2 7 150
TR 120 LS| 260 | 650 | 360 [ 500 [ 117 | 900 | 680 | 840 6 3-phase | 122 2 7 150
TR 240 300 | 750 | 550 | 600 | 240 | 1000 | 780 | 970 3 1-phase | 165 2 8 150
TR 240 LS| 260 [ 750 | 530 | 600 [ 235 | 1000 [ 850 | 940 6 3-phase | 167 2 8 150
TR 450 300 | 750 | 550 | 1100 | 450 | 1000 | 780 | 1470 6 3-phase | 235 3 15 180
TR1050 300 | 1200 | 670 | 1400 [1050 | 1470 | 940 | 1920 9 3-phase | 450 4 14 250

™

ax load per layer 30 kg

2Depending on furnace design connected load might be higher

*Please see page 77 for more information about supply voltage

TR 1050 with double door

TR 60 with observation window
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Chamber Ovens
Electrically Heated or Gas-Fired

KTR 1500 KTR 4500 KTR 6125

The chamber ovens of the KTR range can be used for complex drying processes and heat treatment of charges to
an application temperature of 260 °C. The high-performance air circulation enables optimum temperature uniformity
throughout the work space. A wide range of accessories allow the chamber ovens to be modified to meet specific
process requirements. The design for the heat treatment of flammable materials in conformance with EN 1539
(NFPA 86) is available for all sizes.

Tmax 260 °C
Electrically heated (via a heating register with integrated chrome steel heating

elements) or gas-fired (direct or indirect gas-fired including injection of the hot air
into the intake duct)

Temperature uniformity up to

+/- 3 °C according to DIN 17052-1
(for design wihout track cutouts)
see page 75

High-quality mineral wool insulation
provides for outer temperatures of
< 25 °C above room temperature
High air exchange for fast drying
processes

Double-wing door for furnaces
KTR 3100 and larger
Over-temperature limiter with
adjustable cutout temperature

for thermal protection class 2 in
accordance with EN 60519-2 as
temperature limiter to protect the
furnace and load

KTR 1500 with charging cart
22



KTR 22500/S with chamber lightning and drive-in tracks with insulated
plugs which provide for an optimal temperature uniformity

Incl. floor insulation

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 76

Additional equipment
Track cutouts for level drive-in of charging cart
Base frame to charge the oven via a charging forklift
Additional Door in the back for charging from both sides or to use the oven as lock between two
rooms

KTR 3100/S for curing of composites in
Fan system for faster cooling with manual or motor-driven control of the exhaust flaps vacuum bags incl. pump and necessary

Programmed opening and closing of exhaust air flaps connections in the oven chamber

Air circulation with speed control, recommendable for processes with light or sensitive charge

Observation window and furnace chamber lighting

Safety technology according to EN 1539 (NFPA 86) (models KTR .. LS) for charges containing solvents see
page 12

Charging cart with or without rack system

Design for clean room heat treatment processes see page 17

Rotating systems for tempering processes

Process control and documentation via VCD software package or Nabertherm Control Center (NCC) for
monitoring, documentation and control see page 76

Direct gas-firing at a chamber dryer

23



Chamber Ovens
Electrically Heated or Gas-Fired

Charging cart with pull-out trays KTR 4500 with platform cart, inner lightning and observation windows

Accessories
Adjustable plate shutters to adapt the air guide to the charge and improve temperature uniformity
Guide-in tracks and shelves
Shelves with 2/3 extraction with evenly distributed load on the whole shelve surface
Platform cart in combination with drive-in tracks
Charging cart with rack system in combination with drive-in tracks
Sealing shoes for ovens with drive-in tracks to improve temperature uniformity in the work space

Drive-in tracks with sealing shoes

Model Tmax Inner dimensions in mm Volume Outer dimensions in mm Heating Electrical
power in kW'
°C w d h inl w D H KTR/KTR ..LS | connection*
KTR 1000 (LS)| 260 1000 1000 1000 1000 1900 1430 1815 18/on request 3-phase
KTR 1500 (LS)[ 260 1000 1000 1500 1500 1900 1430 2315 18/36 3-phase
KTR 3100 (LS)[ 260 1250 1250 2000 3100 2150 1680 2905 27/45 3-phase
KTR 4500 (LS)[ 260 1500 1500 2000 4500 2400 1930 2905 45/54 3-phase
KTR 6125 (LS)[ 260 1750 1750 2000 6125 2650 2200 3000 45/63 3-phase
KTR 6250 (LS)[ 260 1250 2500 2000 6250 2150 3360 3000 54/on request 3-phase
KTR 8000 (LS)| 260 | 2000 2000 2000 8000 2900 2450 3000 54/81 3-phase
KTR 9000 (LS)| 260 1500 3000 2000 9000 2400 3870 3000 72/on request 3-phase
KTR 12300 (LS)| 260 1750 3500 2000 12300 2650 4400 3000 90/on request 3-phase
KTR 16000 (LS)| 260 | 2000 4000 2000 16000 2900 4900 3000 108/on request 3-phase
KTR 21300 (LS)[ 260 | 2650 3550 2300 21300 3800 4300 2500 108/on request 3-phase
KTR 1500 with shelves KTR22500 (LS)| 260 | 2000 4500 2500 22500 2900 5400 3500 108/on request 3-phase
"Depending on furnace design connected load might be higher *Please see page 77 for more information about supply voltage
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Max. amount of silicone per charge at a fresh air amount of 120 I/min/kg

silicone
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To ensure safe operation of the oven when tempering silicone, the fresh air supply of the oven must be monitored. A
fresh air volume flow of 100 - 120 I/min/kg silicone (6-7,2 mé/h/kg silicone) has to be considered. The graph shows
the maximum amount of silicone depending on the operating temperature for various KTR models at a fresh air
supply of 120 I/min/kg silicone. The oven will be carried out in accordance with the requirements of the standard EN
1539 (NFPA 86) (Description see page 12).

Motor-driven rotary rack with baskets for
moving the charge during heat treatment

KTR 3100 DT with rotating system for tempering of silicone parts. Four baskets will be charged in the frame and can Drive-in ramp
be taken out separately
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Dewaxing Furnaces
Electrically Heated

N 300/WAX

Grid bottom

W -

Drain pan in floor

Drawer for collection of liquid wax

26

N 100/WAX - N 2200/WAX with Electrical Heating
These dewaxing furnaces are especially designed for
dewaxing and subsequent firing of the ceramic form.

The electrically heated models are operated below the
ignition point of the wax during dewaxing. The furnaces
have a heated stainless steel drain in the bottom of the
furnace chamber, formed as a funnel with the discharge
near the center of the furnace.The stainless steel grids in
the bottom can be removed for cleaning . There is a tight
stainless steel container under the dewaxing furnace with
a removable drawer for wax collection. After the dewaxing
process is finished the furnace continues heating in order to
sinter the molds.

Tmax 850 °C

Chamber furnace with wide-opening swinging door
Four side heating with freely radiating heating elements
on ceramic carrier tubes

Heated drainage in floor, controlled by a separate controller up to a maximum of 200 °C, to reliably prevent
freezing of the draining wax - Release of furnace heating only possible after drain temperature is reached, to
prevent clogging

Stainless steel floor pan with grid bottom for level loading

Rugged self-supporting, vaulted arch construction

Exhaust gas vent in furnace ceiling for connection with ductwork (starting with N 440 manual exhaust air flap)

Air inlet openings for reliable air exchange

Dual shell furnace housing for low exterior temperatures

Removable base included in delivery (fixed base for models N 440 and larger)

First over-temperature limiter which must be set below the ignition point of the wax and prevents the wax from
igniting during dewaxing. It is customers responsibility to set the required time interwal for dewaxing. After this
time has elapsed the over-temperature limiter will be deactivated to make sure that the furnace can continue with
the sintering process.

Second over-temperature limiter with adjustable cutout temperature for thermal protection class 2 in accordance
with EN 60519-2 as temperature limiter to protect the furnace and load

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 76

Model Tmax | Inner dimensions in mm | Volume | Outer dimensions in mm |Max. drain- | Heating | Electrical | Weight
off volume | power
°C w d h inl w D H inl in kW' [connection*| in kg
N 100/WAX| 850 400 530 460 100 720 1130 | 1440 5 7.5 3-phase 340
N 150/WAX| 850 450 530 590 150 770 1130 1570 8 9.5 3-phase 360
N 200/WAX| 850 500 530 720 200 820 1130 | 1700 10 1.5 3-phase 440
N 300/WAX| 850 550 700 780 300 870 1300 1760 15 15.5 3-phase 480
N 440/WAX| 850 600 750 | 1000 450 1020 1460 1875 17 20.5 3-phase 885
N  660/WAX| 850 700 850 1100 650 1120 | 1560 1975 20 26.5 3-phase | 1000
N 1000/WAX| 850 800 | 1000 | 1250 | 1000 1580 | 1800 | 2400 25 40.5 3-phase | 1870
N 1500/WAX| 850 900 | 1200 1400 | 1500 1680 | 2000 | 2550 35 57.5 3-phase | 2570
N 2200/WAX| 850 | 1000 1400 | 1600 | 2200 1780 | 2200 | 2750 50 75.5 3-phase 3170
'Depending on furnace design connected load might be higher *Please see page 77 for more information about supply voltage



Dewaxing Furnaces
Gas-Fired
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NB 300/BOWAX with Gas-Fired

The chamber furnace of NB .. BOWAX series is suitable for Flash Fire processes in which the

hot furnace is charged with raping castings.

For a quick loading and unloading, the furnace is equipped with a pneumatic lift door, which

is controlled via a footswitch.

After charging, the wax liquefies in short time. The first part of the wax flows-out through the
integrated pan directly into a catch basin under the furnace and is collected safely in a water

tank.

The remainder of the wax evaporates in the oven chamber and is burned safely in the

downstream thermal afterburning. The resulting exhaust air is conducted via an exhaust

chimney and a secondary customer side piping out of the hall.

In the event of a flame failure of the burner or gas shortage takes place a process
termination.

Tmax 1000 °C

Standard size with 300 | furnace volume, other sizes on request
Fully automatic temperature control

Integrated thermal afterburner incl. Exhaust hood (250 mm)

Gas burner for operation with natural of LPG gas with permanent monitoring via a PLC
Multilayer insulation with light-weight refractory bricks and special backing insulation

Pneumatic lift-door with foot-switch and electromagnetic locking
Withdrawable wax collecting pan under the furnace

Optical indication when charging temperature has been reached
Detailed description of safety functions see page 11

Defined application within the constraints of the operating instructions
Controls description see page 80

Model Tmax | Inner dimensions in mm | Volume

°Cw|d|hinIW|D|H

Outer dimensions in mm | Max. drain-
off volume

NB 300/BOWAX  |1000| 550 | 700 | 780 | 300 | 1010 | 1700 | 3030 |

'Depending on furnace design connected load might be higher *Please see page 77 for more information about supply voltage

MORE THAN HEAT 30-3000°C

NB 300/BOWAX

NB 300/BOWAX
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Chamber Furnaces for Heat Cleaning
Gas-Fired with Integrated Thermal Afterburner

| o
RO 5 =
S
S
NN

-

,

NB 2300 CL

The chamber furnaces in the model series NB .. CL are used for heat cleaning of components. An optimum
temperature uniformity is not a priority for these processes. Examples are heat cleaning of electric motors, coated
surfaces of steel components or the nozzles of plastic injection molding machines.

The furnaces are gas-fired and have an integrated thermal afterburner system which is also gas-fired. The pre-set,
low-oxygen respectively reducing atmosphere in the furnace effectively prevents spontaneous combustion at the
workpiece and subsequent damage as a result of over-temperature.

The generated exhaust gases are guided from the furnace chamber into the thermal afterburner where they are
incinerated. Depending on the type of exhaust gas involved complete incineration is possible.

For safe operation, the furnace door locks after program start and cannot be opened again until the temperature
has dropped below 180 °C at the process end. In case of a burner flame malfunction or gas shortage the process is
aborted. In addition, the control system is equipped with an over-temperature limiter with manual reset that is set by
the customer at a safe cut-off temperature to switch off the furnace if the limit is exceeded.

The furnaces are not suitable for components and coatings that contain solvents or a high concentration of water.
These models must also not be used for charges with low flash points such as