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 in Heat Treatment Processes



As the heat treatment industry continues to demand higher levels of 
performance and durability in an ever-changing industrial market, both 
new and traditional heat treatment applications require specific solutions to 
achieve necessary outcomes. Vacuum technology is a key part in many of these 
processes to create the specific atmosphere to achieve necessary component 
properties. For heat treatment applications, a furnace or oven is used to give a 
surface or component specific properties such as hardness, which will improve 
its operation performance. Vacuum can also be used to prevent unwanted and 
costly reactions, such as oxidation, from taking place.

INTRODUCTION
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Vacuum furnaces can be divided into two distinct categories: medium and 
high vacuum furnaces. Depending on the desired operating pressure, this will 
determine both the vacuum pumps as well as the measurement equipment. A 
typical arrangement on the vacuum furnace is shown in Figures 1 and 2. 

The precise measurement of pressures or pressure curves in vacuum-assisted 
processes in process engineering is an important parameter for ensuring 
optimum efficiency and the best product quality. Busch Vacuum Solutions 
has a series of VACTEST vacuum measurement equipment options designed 
to combine the latest advances in vacuum metrology with exceptional 
manufacturing quality. Robust construction, reliability and measurement 
accuracy are key features of these devices, making them the ideal choice to 
monitor and control vacuum processes. State-of-the-art technologies allow for 
a wide measuring range from 1,200 to 4 x 10-10 torr covering all vacuum levels 
with accuracy. All sensors comply with international standards and regulations 
such as CE and RoHS.

With VACTEST vacuum metrology, Busch provides numerous sensor 
technologies to cover all ranges of vacuum (Figure 3). These technologies are 
divided into two main categories: direct and indirect pressure measurement.

The direct measuring principle is independent of the process gas and is based 
on the pressure that the molecular flow exerts on a membrane. This method is 
principally used for rough and medium vacuum processes. 

Medium vacuum furnaces operate at pressure in the millitorr (sometimes 
referred to as micron) range or above one millitorr. A Pirani gauge is used to 
monitor the vacuum level during the whole process.

VACUUM SYSTEMS FOR HEAT TREATMENT FURNACES
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 Heat treatment is a growing market with a strong demand for vacuum equipment in both production in-
dustries and research laboratories. Busch’s product portfolio offers an ideal solution for these demanding customers. With 
the introduction of the new VacTest range of measurement equipment, Busch completes its offer and positions itself as a 
serious competitor against the market leaders Leybold and Edwards. The purpose of this article, the first in a two-part series, 
is to promote a better understanding of vacuum measurement and its application to vacuum furnaces.  

There are two main operations in metallurgy: casting and 
heat treatment. While casting includes melting and molding 
processes to give the metal its final shape, heat treatment is 
used to manipulate mechanical properties of the final prod-
uct such as hardness, strength, toughness, ductility, or elas-
ticity. In both processes, vacuum is used to prevent undesir-
able oxidation (e.g. C, O2), heat loss from the product 
through convection, and to remove low temperature by-
products from process materials during heating, resulting 
in a higher purity end-product. 1 

Vacuum furnaces can be divided into two distinct catego-
ries: medium-vacuum and high-vacuum furnaces. This will, 
of course, influence the pumping system installed, as well as 
the measurement equipment. A typical vacuum pump ar-
rangement might look like Figure 1 & 2.  

 

 
Figure 1. Medium vacuum furnace vacuum system 

 
Figure 2. High vacuum furnace vacuum system 
 
Let's put the vacuum pumps to one side for a moment and 

first look at the different gauge types involved. Two funda-
mental gauge technologies are used to monitor the vacuum 
level throughout an entire metallurgical process. In case of 
a medium vacuum furnace, a Pirani (e.g. VacTest GTP 100, 
VacTest DTP 400) gauge is used to monitor the vacuum 
level during the whole process.  

 

Pirani 20 … 2 10-3 mbar 
Cold cathode 2 10-3 … 1 10-8 mbar 
Pirani - Cold cathode    
combination 
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Pirani
The robust and reliable Pirani technology measures the thermal conductivity 
of gases. The heat transfer between a heated filament and its environment 
changes proportionally to the pressure. Pirani sensors are the best solution for 
medium vacuum applications.

Pirani sensors can be used reliably in a wide measurement range from 760 to 
1 · 10-4 Torr.

As vacuum levels increase, indirect measuring principles based on special 
properties of the process gas, such as thermal conductivity or ionization 
probability, are used. Unlike the direct measurement method, these principles 
depend on the type of process gas. For this reason, a specific correction factor 
must be applied for each process gas except air or nitrogen. 

In high vacuum furnaces the operation takes place below one millitorr which 
renders the Pirani gauge inadequate. In this case, a cold cathode gauge is 
used along with one or two Pirani gauges. The cold cathode gauge measures 
the pressure in the furnace while the Pirani gauges monitor pressure on the 
vacuum foreline near the exhaust of the diffusion pump as well as the pressure 
during roughing of the vessel. 

Cold cathode
The cost-effective and robust cold cathodes (inverted magnetron) measure 
the electrical conductivity of a plasma. Neutral gas molecules are ionized by 
collision with electrons and captured by the cathode. The current generated 
is an indication of the pressure in high and ultra-high vacuum processes. Cold 
cathodes can be used in the range from 1 · 10-3 to 4 · 10-9 Torr.

In combination with Pirani sensors, they cover measuring ranges from 760 to 
1 · 10-9 Torr.

PIRANI & COLD CATHODE
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Gauge and Roughing Gauge
High vacuum furnaces also employ an oil diffusion pump (Figure 4) which must 
be evacuated to turn on the oil heaters. A small rotary vane such as a Busch R5 
or ZEBRA vacuum pump is used as a holding pump to keep the diffusion pump 
under vacuum and the foreline gauge is used to control the start of the diffusion 
pump. Since the required vacuum to start the diffusion pump is the milltorr 
range, a Pirani gauge is ideal. A second Pirani gauge is often installed on the 
chamber to track the vacuum level to the crossover pressure at which point the 
diffusion pump opens to the process. The additional gauge can help generate 
data about how quickly the system pumps down for the analysis of roughing 
pump performance. 

High vacuum gauge
Once the diffusion pump is ready for operation and the roughing pumps 
evacuate the vessel to the millitorr range, the valve between the furnace and 
diffusion pump can open allowing the beginning of high vacuum operation. 
During high vacuum operation, the roughing pumps back the diffusion pump 
and the holding pump is isolated. A third gauge mounted on the furnace 
chamber is typically a cold cathode gauge which measures the high vacuum 
levels required for the process. Location of the gauge is important as placing it 
near the diffusion pump carries the risk of oil contamination. The sensor head 
should be positioned as close to the load as possible, ideally near the center of 
the chamber.

Maintenance gauge
Another helpful installation of a gauge is at the inlet of the mechanical vacuum 
pump or booster system to be used for maintenance or troubleshooting 
purposes. A simple Pirani gauge or a piezoresistive – Pirani gauge can be 
installed in line with a shut off valve. The piezoresistive gauge will more 
accurately sense higher pressure readings so that the performance of the 
vacuum pumps can be easily checked.

ROLE OF VACUUM GAUGES
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Figure 4. Diffusion vacuum pump



Several factors must be considered when selecting the correct sensor. 
Knowledge of the pressure range, the required accuracy, the gas composition 
as well as the process and ambient conditions are of great importance for 
optimum measurement results. 

As indicated earlier, different vacuum gauges have different capabilities and 
each pressure range has an ideal measurement for a given gauge type. In either 
medium or high vacuum furnaces, the challenge is to match the operating 
pressure to the correct gauge.

PROPER GAUGE SELECTION
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Resistance Against Shock Venting
Shocking a gauge – meaning the sudden exposure to atmosphere when under 
vacuum – is never an ideal situation but can happen. Sensors with a filament 
such as the Pirani gauge are typically the most sensitive to such a scenario and 
the sudden increase in pressure can damage or even destroy the gauge. While 
it is not indestructible, a filament with a spiral coil design is more resilient than 
a straight filament or a microelectromechanical system (MEMS) senor. Given the 
potential of shock venting in heat treatment processes, a spiral filament will be 
the more robust selection for a Pirani gauge.

Protection Class
Furnaces that are used in casting applications or the automotive industry 
sometimes require protection from splashing or dust which is common in 
these industrial environments. If the gauge is in potentially wet or dusty 
environments, it’s important to consider the ingress protection of the gauge. If 
the potential of exposure to water or dust is even remotely possible, choosing 
an IP54 rated gauge is recommended. This will improve the long-term reliability 
of the gauge as well as seamlessly adapt to unforeseen changes in environment 
or application. 

Combined Pirani and Cold Cathode Sensors
When there are a limited number of ports available for pressure sensing 
equipment, it sometimes becomes necessary to measure vacuum through 
multiple pressure regions. Gauges are available that combine two sensors 
– both filament and cold cathode technologies. When selecting this type 
of a gauge, certain considerations must be made to ensure the different 
technologies are not damaged by being exposed to unsuitable pressures. For 
example, operating a cold cathode gauge at pressures in the millitorr range or 
higher can lead to self-contamination by the magnetic field within the gauge. 
To prevent contamination and extend the lifetime of the gauge when using a 
combination gauge, control of the starting pressure of the cold cathode should 
be done automatically by the Pirani sensor. 

Ease of Maintenance
On digital gauges, it is possible to exchange the sensor head without re-
calibrating the gauge or the need to change any settings. Selecting a gauge 
which allows for the automatic integration of a factory-calibrated replacement 
ensures fast and efficient maintenance so that furnace downtime is minimized, 
and productivity is maximized.

Resistance to Contamination
In addition to resisting shock venting, choosing a Pirani gauge with a spiral coil 
design also provides a larger exchange surface which makes the filament much 
less sensitive to contamination. The inclusion of a metal screen or other media 
to protect the filament from contamination is beneficial as well. This can be 
internal to the gauge but can also be added as an accessory to further protect 
the gauge. Items such as spiral tubes, baffles or right-angle adapters offer 
further protection between the gauge and the process. 

GAUGE CONSIDERATIONS
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Figure 5. DPC 400 sensor head



Vacuum gauges that measure critical processes require periodic calibration in 
order to maintain accuracy. Heat treaters often must comply with Aerospace 
Materials Specifications (AMS) 2750F and Nadcap standards. In order to meet 
these standards, calibration certificates are necessary as well as periodic 
calibration of the gauge every three to six months. Gauges that comply with 
these standards often help avoid future complications as customers and 
processes change. Furthermore, some vendors offer exchange programs to 
ensure calibrated gauges are readily available.

With the various VACTEST products, (Figure 6) Busch meets all requirements 
for the measurement of pressures of a vacuum system or process in terms of 
accuracy, measurement range and functionality.

GAUGE CALIBRATION – AEROSPACE 
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VACTEST analog transmitters have a compact, robust and functional
design. Thanks to their excellent measurement accuracy and stability, these 
transmitters are the ideal solution for centralized monitoring and control 
systems.

VACTEST digital transmitters are high-end gauges with a full range of options 
as standard. Their intelligent microcontroller architecture provides optimum 
sensor control and various adjustment options, making it the ideal solution for 
a variety of applications. VACTEST digital transmitters work with Pirani sensor 
technology, cold cathode sensor technology or with Pirani/cold cathode or 
Pirani/hot cathode combinations.

VACTEST mobile gauges are the perfect hand-held solution for quality 
assurance of vacuum process maintenance. These battery-powered gauges 
offer many functions, such as a USB interface for exporting and displaying data 
as well as a data logger and can even be used under vacuum.

Busch Vacuum Solutions offers the VACTEST explorer as a software tool to 
provide fast and efficient visualization, analysis and comparison of process data 
on a computer or tablet. 

VACTEST explorer is available in a Lite and a Pro version and includes numerous 
functions, for example calculation of leakage rates, Active Sensor Controller 
remote control, pump-down curve comparison, configuration of all digital 
transmitter parameters and many more.

The VACTEST viewer is an included Bluetooth monitoring application for mobile 
devices with an Android operating system and can display the pressure values 
of up to 16 connected sensors. The tool was designed for Bluetooth data 
exchange between software and sensors and is ideally suited for maintenance 
or calibration purposes. Visual and audible alarms can be preset for maximum 
and minimum pressure values.

VACTEST
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Figure 6. Busch VACTEST analog and digital transmitters for various pressure ranges, as well as a VACTEST mobile 
gauge which is also available in several versions for different pressure ranges



Vacuum pumps are a critical component of many heat treatment processes but 
without reliable measurement of that equipment, one may be left to guess. 
There are many potential solutions for vacuum measurement requirements 
depending on each facility’s situation. Contact Busch Vacuum Solutions with any 
requirements and our experienced staff of vacuum professionals can customize 
the right solution for your company.

Contact us today: 

Busch Vacuum Solutions
info@buschusa.com
1-800-USA-PUMP
www.buschusa.com

CONCLUSION 
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