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Company information

Kanthal is a world-renowned name within the 
field of electric heating. Since the early thirties, 
Kanthal has developed market leading, electric 
resistance alloy products and materials. 

Our R&D efforts have always been directed 
at improving our materials to function fully at 
ever higher temperatures. 

The centre for production, product development 
and metallurgy is in Hallstahammar, Sweden, 
whilst sales and production finishing plants are 
located around the world, close to our customers 
and operated through our subsidiaries and local 
representatives. 
Kanthal is a Sandvik Company
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More power, longer life and less maintenance

Kanthal metallic PM material has been success-
fully used for many year in the form of wire, 
strip, radiant and protection tubes. Used mainly 
in the heat treatment, steel and aluminium in-
dustries, Kanthal PM tubes contribute to much 
higher furnace productivity by offering more 
power, less maintenance and longer service life. 

The Kanthal PM tube range includes APM 
(Advanced Powder Metallurgy), suitable for 
most types of processes, and APMT, an alloy 
with improved hot strength for extra demanding 
horizontal applications.

 Kanthal PM tubes are suited to both gas and 
electrically heated furnaces.

Extra high temperature
Can operate at temperatures up to 1250°C 

High loading potential
At a furnace temperature of 1000°C, the loading 
can be more than double that of NiCr and FeNiCr 
tubes. This allows more flexible furnace designs 
and conversion of existing heating systems to 
higher furnace power. Fewer tubes are needed 
for the same power rating.

Long life
When heated, Kanthal PM materials form an 
aluminium oxide (Al2O3) scale that protects the 
alloy from further corrosion and prolongs the 
service life, compared with ordinary NiCr or 
FeNiCr tubes.

No tube carburisation
The alumina oxide protects the alloy from 
carburisation in high carbon-potential atmos-
pheres.

Kanthal PM materials withstand coking and 
metal dusting.

Less maintenance
The oxide is non-spalling, hence no scaling and 
no impurities inside the tube to contaminate 
the heating element or gas burner. No need for 
downtime to clean the tubes. No scaling on the 
outside to contaminate the goods in the furnace.

No weak spots
Tubes are extruded, so there are no welded 
seams, eliminating a source of potential failure.

Excellent form stability
Excellent form stability even at elevated tem-
peratures.

Low weight
Kanthal PM tubes weigh less than equivalent 
NiCr and FeNiCr tubes of the same dimension.
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Product summary

Ready to install
Kanthal PM tubes are supplied as complete 
plug-in units for gas or electric furnaces. We can 
assist you in calculating and choosing the most 

suitable system for your particular needs. Tube 
systems are stocked in standard dimensions to fi t 
most furnaces and to allow fast deliveries.

Gas heated furnaces

Ecothal® – the world’s cleanest 
recuperative radiant tube system  . . . . . . . . . . Page 18

Electrically heated furnaces

Globar® silicon carbide heating systems. . . . Page 22

Tubothal® metallic heating systems  . . . . . . . . Page 20

Kanthal Super heating systems . . . . . . . . . . . . . Page 24

Recuperative SER systems 
with outer and inner tubes . . . . . . . . . . . . . . . . . Page 16

Straight through tubes  . . . . . . . . . . . . . . . . . . . . . Page 16
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Kanthal PM material 

The Kanthal family of high temperature materi-
als is aimed initially at the manufacture of resist-
ance wire and strip for electric furnace applica-
tions. The Kanthal PM (Powder metallurgy) 
materials, APM and APMT, are seamless and 
produced by extrusion. Kanthal PM tubes are 
suitable for use in a wide range of temperatures 
and atmospheres, covering many applications 
and processes in various industries.

Kanthal PM materials are based on the 
well-known Kanthal FeCrAl alloy, the basis 
of electric elements in many different types of 
kiln and furnace for over 70 years. The PM 
materials are both produced by an Advanced 

Powder Metallurgy process route. The powder 
metallurgy alloys maintain all of the benefi ts 
of the traditional Kanthal alloys and add many 
more. The most obvious benefi t is the higher 
mechanical strength achieved by dispersion 
strengthening. 

Kanthal APMT is a further development of 
Kanthal APM, designed for specially demand-
ing applications. The alloy has the same excel-
lent high temperature corrosion resistance as 
APM, but with even higher strength.
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Chemical analysis and physical properties

Typical chemical composition (wt%)

Fe Cr Al Mo Mn Si C

APM balance 22 5.8 - ≤0.4 ≤ 0.7 ≤0.05

APMT balance 22 5.0 3.0 ≤0.4 ≤ 0.7 ≤0.05

APM APMT

Density (g/cm3) 7.1 7.2

Emissivity – fully oxidised material 0.7 0.7

Magnetic properties – The material is 
magnetic up to approx. 600°C (Curie point)

Coefficient of thermal expansion

Temperature °C
Thermal Expansion (10-6K-1)
APM APMT

20-250 13 12

20-500 13 13

20-750 14 14

20-1000 15 15

20-1250 16 15

Thermal conductivity

Temperature °C 50 600 800 1000 1200 1400

APM (Wm-1K-1) 11 20 22 26 27 35

APMT (Wm-1K-1) 11 21 23 27 29 32

Specific heat capacity

Temperature °C 20 200 400 600 800 1000 1200 1400

APM (kJkg-1K-1) 0.46 0.56 0.63 0.75 0.71 0.72 0.74 0.80

APMT (kJkg-1K-1) 0.48 0.56 0.64 0.71 0.67 0.69 0.70 0.74
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High temperature strength

Creep rupture strength
Kanthal PM tubes offer a unique combination of 
strength and corrosion resistance, which allows 
them to be used at higher temperatures than 
NiCr tubes and still exhibit a long working life.

With Kanthal APMT, tubes have similar 
strength values as NiCr tubes, but retain much 
of their strength up to temperatures well above 
the working temperature of NiCr tubes.

Fig. 1. Creep rupture strength – 10,000 h

Resistance to sagging deformation
Sagging is a form of creep deformation. Most 
creep data is the result of uniaxial tests of stand-
ardised samples. However, it is often very dif-
ficult to translate creep data for horizontal and 
other applications where the stresses are more 
complex. This difficulty of applying creep data 
can be illustrated by the following example. 

The austenitic steel (Fe, 35Ni, 25Cr)has sub-
stantially higher creep resistance than Kanthal 
APM and equal to Kanthal APMT at 1100 °C. 
When testing three extruded tubes of exactly the 
same dimension in a sagging rig, both Kanthal 

PM tubes outperformed the FeNiCr-material. 
There are several reasons for the difference be-
tween sagging data and creep data. In the sagging 
test, the density of the tube material plays a larger 
role than in a creep test, where weights are ap-
plied independently of the alloy tested. Another 
factor is the change in deformation behaviour 
with time. All tubes show initially a higher 
deformation rate. After the initial sagging, the 
FeNiCr material follows a fairly linear behaviour 
with time. In the case of Kanthal PM the defor-
mation rate continues to decrease with time. 
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Fig. 3. Comparative sagging test at 1100°C

This is often the experience in real applications. 
Rotating tubes 180° at regular intervals is com-
mon practice in furnaces with welded or spun 
cast NiCr. Normally it is not necessary to turn 
Kanthal PM tubes, but if preferred, then only 
once at the fi rst maintenance stop after instal-
lation.

Another factor that often plays a signifi cant 
role in real applications and is not considered 
in the standard laboratory test is corrosion. 
Corrosion will not only change the mechanical 
strength of the material, but equally importantly, 
it reduces the load bearing cross-section. 

Fig. 2. Kanthal APMT (left) and Fe-35Ni-
25Cr (right) after the sagging test.
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Kanthal PM alloys exhibit excellent high tem-
perature corrosion properties. The explanation 
for the excellent corrosion resistance is the forma-
tion of a dense, cohesive aluminium oxide layer 
on the surface protecting the base material from 
corrosion attack. This aluminium oxide, Al2O3, 
is formed through selective oxidation of the 
aluminium in the alloys. There are some criteria 
that an effective protective oxide must fulfi l. 

• Thermodynamically stable – The oxide 
should not be reduced or react in any other 
way with the surrounding atmosphere.

• Adherent – The oxide must not spall  during 
thermal cycling.

• Low growth rate – Slow oxide growth is 
 necessary to ensure long life of the product.

The aluminium oxide formed on Kanthal PM 
alloys fulfi ls the above criteria better than any 
other protective oxide formed at high tempera-
tures. NiCr and FeNiCr alloys form a chromium 
oxide as a protective scale. Chromium oxide is 
less adherent to the metal i.e. chromium oxide 
tends to spall or scale much more than the 
Kanthal PM materials. Chromium oxide is also 
volatile in many atmospheres i.e. chromium oxide 
vaporises from hot metal surfaces and condenses 
on to colder surrounding surfaces. Spalled and 
condensed chromium oxide causes contamina-
tion and discoloration of products in furnaces 
and can, in severe cases, cause furnace malfunc-
tions due to short circuiting of resistance heating 
elements or clogging /leakage of gas valves.

Kanthal PM alloys have the ability to form 
a protective surface oxide fi lm even when the 
oxygen concentrations in the surrounding at-
mosphere are very low. Practically all industrial 
atmospheres contain enough oxygen to stabilise 
aluminium oxide. The oxygen needed for the 
aluminium oxide growth can come from many 

sources beside O2. Atmospheres containing 
oxygen in form of H2O, CO/CO2, CH3OH or 
SO2 can be regarded as oxidising for Kanthal 
PM alloys. 

Excellent in high carbon-potential 
atmospheres
One of the primary benefi ts of Kanthal PM tubes, 
is their excellent resistance to carburisation. NiCr 
and FeNiCr alloys absorb carbon at a much faster 
rate than Kanthal PM, and this results not only 
in a gradual change in the alloy composition, but 
also in the accumulation of free carbon on the 
surface of radiant tubes. This carbon can be hard 
and cohesive with the tube substrate, and is often 
almost impossible to remove.

Carbon build-up results in poor heat trans-
fer and can cause overheating of tubes and the 
heating system. This overheating also causes a 
further increase in the rate at which carburisa-
tion proceeds, so that carbon build-up tends to 
accelerate with time.

However, with Kanthal PM tubes, the protec-
tive layer of aluminium oxide formed on the tube 
surface inhibits reactions between the carbon and 
the base material. Alumina is highly resistant to 
carbon. Experience has shown that any carbon, 

High temperature corrosion properties

Fig. 4. Comparison of APMT Tube vs. Fe-35Ni-
25Cr (after 2300 h at 1100 °C). The FeNiCr tube 

is severely contaminated with oxide fl akes.
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which does accumulate, does not adhere to the 
tubes and can be easily and periodically brushed 
off the surface, to prevent any undesirable effects.

This feature is of particular signifi cance in many 
types of heat treatment furnaces, where a high 
carbon potential is essential. In these cases, 
Kanthal PM has proved vastly superior to even the 
best grades of nickel chromium alloys. The graph 
below shows the comparison between Kanthal 
APM and various nickel-chromium alloys, in 
terms of carburisation rate versus temperature. 
The excellent results speak for themselves.

Experience has shown that APM material works 
excellently in metal dusting environments. This 
is a severe form of localised carbon attack that 
normally occurs in a temperature interval be-
tween 500 and 900°C. Even though this is a 
lower temperature range than would normally be 
used for APM/APMT materials, it has proven 
to resist attack much better than conventional 
grades.

Resistant to sulphurous atmospheres 
Kanthal PM tubes are highly resistant to sulphur-
ous atmospheres, where sulphidation and oxidation 
are competing reactions. The corrosion resistance 
is good as long as oxidation is the dominant reac-
tion. Sulphidation usually results in much higher 
corrosion rates. The relationship between sulphur 
and oxygen in the atmosphere is important for 
which reaction will be dominant. 

Compared to NiCr tubes, Kanthal PM tubes 
are much more resistant to sulphidation, since the 
alumina surface oxide is much more stable at low 
oxygen concentrations than chromium oxide. 

Fig. 6. Carburisation resistance

Fig. 5. Comparison of carbon build-up in a strand 
annealing furnace, NiCr (left and APM (right).
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Maximum recommended temperatures
The diagram below shows recommended 
maximum temperatures for different alloys in 
various atmospheres. These temperatures are 
chosen from a practical, industrial point of view, 
although the material can withstand higher tem-
peratures if needed.

 
For N2 and N2+H2 atmospheres, at low Dew 
Point (<-20 °C), special considerations are needed. 
Please contact Kanthal for further information. 

Fig. 7. Maximum recommended permissible temperature in various atmospheres
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Limitations of conventional NiCr alloys
The majority of radiant tubes are manu-
factured from nickel-chromium, or iron-
nickel-chromium alloys, produced by 
centrifugal casting, extrusion or fabrica-
tion from rolled sheet. The limiting factor 
for the use of these tubes is in most cases 
not strength, but poor resistance to high 
temperatures and/or aggressive atmos-
pheres. The limitations in performance 
have confined their use to relatively low 
temperatures and power outputs. 

The limitations of NiCr alloys, op-
erating in oxidising conditions, are due 
primarily to the formation of chromium 
oxide on the surface. Although this ox-
ide layer offers some protection against 
further oxidation, it is not cohesive with 
the substrate, and tends to spall under 
thermal cycling, exposing fresh mate-

rial to attack. As the rate of oxidation 
increases with temperature, a practical 
limitation of about 1100°C is imposed on 
radiant tubes made from the NiCr family 
of materials. 

Other drawbacks of these alloys 
include rapid carburisation in heat 
treatment furnaces with a high carbon 
potential, and the formation of NiS in 
sulphurous atmospheres. As the Cr2O3 
oxide spalls, there can also be problems 
with contamination of the products be-
ing fired. 

When NiCr tubes are used as protec-
tive tubes for electrical heating elements, 
the oxide spallation is a common reason 
for premature element failure, since 
loose oxides from the tube short-circuit 
the element.
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Kanthal APM or APMT?

Kanthal APM has been used successfully for 
more than a decade in various tube applications 
and in resistance heating elements. However, 
there are applications where a higher mechani-
cal strength is desired. Kanthal APMT is a new 
alloy specially developed for these applications. 

The composition of Kanthal APMT is slight-
ly modified compared to Kanthal APM. The 
base is still Fe-Cr-Al, but APMT also contains 

3wt% molybdenum and the aluminium content 
is slightly lower. These small modifications in 
composition have not affected the oxidation re-
sistance, as seen in Fig. 8 below. APMT forms a 
protective aluminium oxide, just like APM, and 
tests show that the behaviour in carburising and 
sulphidising atmospheres is practically identical 
for the two alloys.  

Fig. 8. Sample weight gain – 1100°C
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Fig. 9. Creep rupture time at 1100°C

Kanthal APMT tubes are considered a comple-
ment to Kanthal APM tubes in applications 
where higher form stability is needed. In some 
instances, sagging deformation can be a problem 
for long, horizontal APM tubes containing elec-
tric resistance heating elements like SiC Globar 
or Tubothal. Kanthal APMT tubes can also solve 
deformation problems of metallic inner tubes or 
sagging of the outer tube in SER assemblies. 
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Gas fired systems

Straight through tubes
In its simplest form, a radiant tube consists of a 
straight tube, with the burner fitted at one end 
and the exhaust at the other. These straight 
through tubes, although simple and relatively 
inexpensive, are inherently inefficient, as the 
temperature of the exhaust gases is significantly 
higher than the furnace temperature, and the 
majority of the energy of combustion is lost to 
the atmosphere. The use of Kanthal PM tubes, 
however, allows higher temperature and power 
output and longer life than NiCr tubes.

Recuperative radiant tubes – SER systems
The majority of tubes in use today are of a single 
ended design, where the burner and exhaust are 
situated on the same side of the furnace. With 
these designs, the exhaust gases can be used to 
pre-heat the air required for combustion. This 
results in a major improvement in system effi-
ciency, by exhausting only low temperature gases 

into the atmosphere. Common designs are U, 
W, and P shaped tubes, but these are gradually 
being replaced by less expensive and lighter sin-
gle-ended recuperative burners, SER. With this 
design, the recuperator is integrated with the 
tube. Recovery of heat from the exhaust gases 
takes place within the furnace wall, minimising 
heat loss in the process.

Modern, high efficiency SER systems offer 
efficiencies in excess of 80% and are highly cost 
effective compared with direct fire systems and 
straight through designs of radiant tube. The 
inherent reliability and temperature capabil-
ity of Kanthal PM tubes makes them an ideal 
partner for the modern low NOx, high efficiency 
burners available, and they are rapidly becoming 
the preferred choice for the most demanding of 
radiant tube applications.
With SER burners, the limiting factor in the 
design is normally the inner or re-circulation 
tube, which operates at a significantly higher 

Fig. 10. Power output SER-burner systems
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-temperature than the outer tube. Even in low 
temperature applications, the inner tube temper-
ature can exceed the practical maximum for Ni-
Cr materials, especially when the burner output 
is high. This has imposed severe limitations on 
the output of radiant tube designs.

Kanthal PM radiant tubes however, are ca-
pable of far higher operating temperatures than 
NiCr. This has allowed burner manufacturers to 
exploit the higher outputs of modern designs to 
the full, dissipating the same power input in the 
furnace with fewer tubes, or uprating the input 
to existing systems (Fig. 10). The potential 
benefi ts, in terms of productivity and installed 
costs, are immense and the use of Kanthal PM 
materials has extended the temperature range of 
radiant tube assemblies.

Silicon carbide inner tubes 
Silicon carbide can be combined with Kanthal 
PM tubes in gas applications, where the tem-
perature is higher or the power loading is higher 
than metallic tubes can endure. SER systems 
that work at very high temperature or high 
loading can be designed with a ceramic fl ame 
tube (inner). The fl ame tube is the part in the 
system that works at the highest temperature, 

often 100-200°C warmer than the outer tube. 
As outer tubes, Kanthal PM tubes can work 
under tougher conditions than other metallic 
tubes and have better resistance to mechanical 
shock than ceramic tubes. Flanges, end caps and 
support systems are much cheaper and easier to 
install for metallic 
systems compared to 
ceramic. 

Straight 
through

Vertical SER

Horizontal SER
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 Ecothal™ improves both economy and ecology

Ecothal is the world’s cleanest recuperative radi-
ant heater. With electronically controlled gas/air 
supply and double catalytic converters, nitrogen 
oxide emissions can be reduced by around 75%!

Ecothal is approximately 10% more effi cient 
than other recuperative systems. The high effi -
ciency also reduces emissions of carbon dioxide 
per energy unit produced.

Ecothal is therefore the right choice to reduce 
both gas consumption and emissions. A good 
solution for cost and environmentally conscious 
companies. 

Approximately 10% more effi cient
The degree of effi ciency is around 80% – 10% 
more effi cient than conventional recuperative 
systems. This effi ciency is the result of the lamb-
da value and the energy content of the exhaust 
gases. Lower lambda values and, therefore, re-
duced exhaust volumes result in higher effi ciency 
levels. It is the precise, two-stage cleaning system 
of Ecothal, that makes it possible to optimise the 
amount of surplus air and reduce the lambda 
value and the exhaust gas volume, thereby max-
imising effi ciency. 

Electronic control provides excellent 
 environmental benefi ts 
Well-defi ned combustion is important to max-
imising effi ciency and reducing pollution. Too 
much air reduces heat output and increases the 
amount of harmful nitrogen oxides (NOx) in the 
exhaust gases. Too little air results in imperfect 
combustion, which causes unburned residues in 
the form of carbon monoxide (CO) and hydro-
carbons (CxHy) to be expelled as fumes into the 
environment. Control equipment ensures that 
combustion always remains within the “green 
window”, resulting in low emissions of both 
nitrogen oxides and carbon monoxide.

Reduced maintenance and reliable 
furnace operation
Both the inner and outer tubes and compo-
nents of the recuperator are manufactured from 
Kanthal PM. The aluminium oxide layer, which 
forms on the exterior of PM tubes, functions as a 
barrier to continued oxidisation and sulphur at-
tacks, carburisation or nitration. Therefore, PM 
tubes have a signifi cantly longer life expectancy 
than NiCr tubes, which makes the Ecothal sys-
tem much more reliable. Scaling from the PM 
tubes is minor compared with NiCr based tubes 
and hence does not clog the catalysers.

Fig. 11. Combustion occurs within the “green window” 
which results in low emissions of nitrogen oxides and 

carbon monoxide.
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Fig. 12. Compared with a conventional burner, Ecothal 
produces signifi cantly lower nitrogen oxide and carbon 

monoxide emissions at all furnace temperatures.
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 Kanthal Tubothal® – the most powerful metallic 
element system

Kanthal Tubothal is an ideal electric element for 
PM tubes because of its great advantages, such as 
– very high power – long life – low weight – easy 
to design to existing power controls and supply. 
Combined with PM tubes, a “maintenance free 
system” is obtained with high reliability and 
with no need to remove elements, clean or rotate 
tubes, if correctly designed.

The variety of applications where the Tubo-
thal system can be used is vast. The main areas 
of use are in heat treatment, aluminium and steel 
industry furnaces.

The high loading capabilities of both Tubothal 
elements and Kanthal PM tubes can be exploit-
ed to the full in new furnaces and conversions 
from traditional radiant tube designs. In both 
cases, higher power and/or temperatures can 
be obtained, or a similar output achieved with 
fewer assemblies installed, leading to improved 
furnace fl exibility and lower costs. The longer 
life obtained with the Tubothal system, ensures 
highly reliable production and uninterrupted 
furnace operation.

Tubothal element assemblies are available in 
a wide range of standard diameters, to suit the 
sizes of tubes currently available. In principle, 
the length of element is virtually unlimited, but 
the practicalities of packing, shipping and in-
stallation may impose restrictions on the usable 
length. Tubothal elements are suitable for both 
horizontal and vertical installations.

Normally, horizontal tubes are simply sup-
ported at both ends. With very long radiant 

Fig. 13. Maximum design power outputs for all standard 
element diameters at different furnace temperatures
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tubes, it may be necessary to provide supports along 
the tube length. Kanthal PM rod has proved ideal 
for fabricating suitable support systems, hooks, etc.

Higher power output
Tubothal elements will operate at a far higher 
power output than standard designs of radiant tube 
element, and a single Tubothal assembly may be 
capable of replacing up to three heaters of a more 
conventional design, leading to major savings in 
replacement and maintenance costs.

In other cases, a change to Tubothal, combined 
with uprated power input to existing furnaces, has 
resulted in a much improved furnace capacity at a 
much lower cost than for a completely new furnace.
Fitting a few Tubothal assemblies in an existing 
furnace can increase throughput by over 50%, in 
some cases.

The power output for standard Tubothal elements 
is a function of the element diameter, the effective 
heating length and the operating temperature of 
the furnace. Fig. 11, illustrates maximum suggested 
design power outputs for all standard element diam-
eters, at furnace temperatures between 800°C and 
1100°C.

Power Supply
Although individual elements are likely to operate 
at a voltage lower than that of the supply, groups of 
elements can be generally series-connected, in mul-
tiple element installations, for connection directly to 
the main voltage, without the need for transformers. 
There is no signifi cant ageing of the APM elements, 
so a variable voltage supply is not required. On/off 
control can be used, but three-term control, using 
fast or slow, cycle fi red thyr-
istors, will ensure a stable 
element temperature 
and a longer element 
life, as well as offering 
better control of the 
furnace temperature.

Summary of Kanthal Tubothal benefi ts 

• Very high power levels 

• Long life

• “Maintenance free”, longer 
service intervals

• Low ageing

• Low element weight

• Low thermal mass

• Standardised product for fast 
delivery and  reliability

• Design fl exibility 

• Most Kanthal PM tube sizes for 
Tubothal can also be used for 
gas heated solutions giving fl ex-
ibility for changes depending on 
energy prices

Vertical and horizontal 
Tubothal element systems
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Kanthal Globar® heating systems –
versatility and reliability
As Kanthal Globar silicon carbide elements 
remain rigid at all operating temperatures, they 
do not require any form of support and will op-
erate successfully in most process atmospheres. 
Normally, they are installed directly in the 
furnace, without the need for protection with 
radiant tubes. 

Despite this, there are some cases where the 
elements will benefit from being fitted inside 
tubes:

• Where elements are being broken because  
of mechanical damage

• Where elements are chemically attacked  
by process volatiles

• Where elements may be affected by carbon 
deposition, either in the furnace or on the 
elements, leading to short circuiting

• Where it is difficult to seal the furnace 
atmosphere

• In conversions from other types of radiant  
tube system

Typical Globar – APM and APMT applications
Typical applications include aluminium rever-
beratory furnaces, low pressure and gravity die-
casting machinery, batch and continuous heat 
treatment furnaces, continuous steel industry 
furnaces and industrial waste incinerators. In 
all of these cases, Globar elements can operate 
successfully without tubes, although where ele-
ment life is compromised by particular furnace 
conditions, Kanthal PM radiant tubes are an 
ideal solution for overcoming problems.

For example, in continuous annealing and 
galvanising of steel strip, the use of PM radiant 
tubes protects the elements from mechanical 
damage in the event of strip breakage, simpli-
fies both the sealing of the furnace and element 
replacement, and allows an element life of 

over 10 years to be achieved. Globar elements 
are beneficial to tube life also, imparting no 
mechanical load on the tubes and minimising 
creep. In addition, the low mass of the heating 
system allows faster temperature response and 
also a reduction in the cost of the furnace struc-
ture, compared with heavier heating elements.

The use of PM tubes is of particular benefit 
in controlled atmosphere furnaces, simplifying 
sealing of the element terminal ends and allow-
ing the element connections to operate in freely 
ventilated conditions. This is also a benefit when 
element replacement is required, as it can be car-
ried out while the furnace is still in operation, 
without any risk of air entering the furnace and 
diluting the protective atmosphere.

Wide range of Globar – APM tube 
combinations
Kanthal Globar elements are available in a wide 
range of product forms, with options of single or 
double-ended connections. In general, the double 
ended connection is far more economical in terms 
of cost per kW installed, as extremely high power 
densities can be achieved, usually limited only by 
the surface loading capabilities of the protection 
tubes. Elements can be loaded up to 15 W/cm2, 
but are operated normally at between 6–10 W/cm2 
in most industrial applications.

Kanthal PM are the best metallic radiant tube 
materials available for the high power outputs 
that Globar elements can provide. Their resist-
ance to chemical attack, high operating temper-
ature capability and cohesive oxide coating make 
them the ideal partner for cost effective and low 
mass electric radiant tube systems.
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Globar SD element in double – ended 
APM Tubes
Globar SD elements can be fi tted in either 
horizontal or vertical radiant tubes. The ele-
ments are simply located by ceramic or fi bre 
sleeves at each end of the tubes. Support slots 
can be provided, so that the elements can be 
suspended from the top. The use of small 
diameter, double-ended tubes, com-
bined with Globar SD elements, 
offer a very low cost per kilowatt, 
compared with other systems.

Globar SDU element in single – ended 
APM Tubes
Globar SDU elements can be fi tted in either 
horizontal or vertical radiant tubes. Elements 
are centralised by ceramic or fi bre location 
blocks at the terminal end of the tubes. A ce-
ramic support is required under the bridge 
of horizontally mounted elements, 
but no supports are required under 
the hot zone.

Globar SGR element in single ended APM 
Tubes
Globar SGR elements can also be fi tted into 
single-ended heating systems, with both 
electrical connections at one end. SGR ele-
ments are simply located by ceramic or fi bre 
sleeves at the terminal end, and may require 
an insulating locator at the dump end 
also, depending on the clearance 
available. Horizontally mounted 
elements must be supported at the 
dump end.

Fig. 14. Kanthal 
Globar SD element fi tted in 
a Kanthal PM radiant tube

Fig. 15. Kanthal 
Globar SDU element 

fi tted in a Kanthal PM 
radiant tube

Fig. 16. Kanthal 
Globar SGR element in 

Kanthal PM radiant tube
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Kanthal Super heating systems – extremely long 
service life
Kanthal Super electric heating elements operate 
without protection tubes in the vast majority of 
applications. However, there are some specifi c 
cases where elements will benefi t from installa-
tion inside tubes.

• In horizontal installations, when elements have 
to be supported

• The furnace atmosphere is too aggressive

• It is necessary to change elements without in-
terrupting the process

• Elements have to be protected from mechanical 
damage

Kanthal PM tubes have become the natural 
choice of metallic tube material, due to it’s 
excellent form stability, high loading capability 
and resistance to the process gases used in the 
majority of heat treatment furnaces.

Mostly used in continuous operations
The majority of furnaces equipped with the com-
bination of Kanthal Super and APM tubes are 
in continuous operation, horizontally installed, 
and used mainly for heat treatment processes in 
the steel and heat treatment industries.

Another option is to fi t a Kanthal Super ele-
ment vertically inside a Kanthal PM tube. In 
such an installation only one or two supports are 

needed, since the main function is as a guiding 
system to centre the element in the tube and to 
prevent possible contact with the tube wall. This 
kind of solution is benefi cial, for example, in 
sealed quench furnaces or carburising furnaces 
operating with very high carbon potentials. 

The extremely long life of the elements can be 
exploited to the full by removing any possibility 
of carbon build-up around the elements that 
could result in electrical arcing.

Horizontal and vertical 
Kanthal Super heated PM tubes
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Features and Benefi ts of the System
Long experience of the use of Kanthal Super ele-
ments in radiant tube systems, has highlighted 
the following features and benefi ts of the ele-
ment system.

• Extremely long element life – more than 10 
years recorded

• Elements are easily replaced while the furnace 
is in operation

• Low element weight reduces stress on the 
 radiant tube

• Maintenance costs almost negligible 

• High power density

• Reliable installation

• No ageing – no need to match  elements



950ºC 1050ºC 1050ºC 1050ºC
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New areas of applications

The introduction of Kanthal PM extruded tubes 
has rewritten the rulebook. The combination of 
good hot strength, superior oxide properties, and 
a far higher temperature capability have opened 
up entirely new areas of application, previously 
the domain of NiCr and ceramic tubes, but with 
none of their drawbacks.

Heat treatment processes
Continuous hardening, carburising and 
tempering furnaces
Kanthal PM tubes and Tubothal have 
proved to be a maintenance free com-
bination in this type of operation. 
Aluminium oxide scale protects 
the tube from carburisation, and 
because of the higher rating po-
tential, productivity can be increased 

without putting tube life at risk. A retrofit with 
PM tubes for gas or electric furnaces is easily 
carried out, resulting in higher production and 
reliable long-term operation.

A schematic outline of the furnace type with typically four zones. 
No1 heating at 950°, No 2 heating at 1050°C, No 3 carburising and No 4 diffusion both at 1050°C.

High temperature carburising 
Carburising normally takes place at 930°C but 
with Kanthal Tubothal, it is possible to increase 
the temperature to 1050°C and the furnace capac-
ity by some 30 %. The Tubothal system is in fact 
the only metallic system that could work at this  

 
elevated temperature. The furnace atmosphere, 
endothermic with a high carbon potential at 
the carburising zone, is not a problem for PM 
tubes.
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Sealed Quench furnaces
The carburisation resistant properties of Kanthal 
PM tubes make them ideal for use in sealed 
quench furnaces with high carbon potential 
atmospheres. High loading and temperature 
possibilities can uprate the furnace and in-

crease production at low cost. Kanthal offers a 
complete heating range:
Gas heated – with or without inner tubes
Electric heated – Tubothal, Kanthal Super or 
Globar heated

Gas heated – straight through

Gas heated – S.E.R.

Electric – Tubothal Electric – Kanthal Super or Globar 
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Non-ferrous industry

Aluminium melting and holding
The high power of Tubothal, com-
bined with the corrosion resistant 
oxide surface of PM tubes, is 
the main reason for the success 
of this system in melting and 
holding furnaces. A 
lifetime of up to three 
trouble free years is 
not unusual.

Dosing furnaces
Kanthal Globar silicon carbide 
elements are normally used 
without protection tubes. 
The use of PM tubes 
has, however, several 
advantages. Dross and 
slag is often removed 
manually with a risk of 
breaking the elements 
and contaminating the 
aluminium bath. PM tubes will 
protect the elements and contribute 
to a long maintenance free operation. 

Other areas of application
Die-casting furnaces
Aluminium fi lter boxes
Magnesium melting and holding
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The steel industry

Continuous annealing lines (CAL) and 
galvanizing lines (CGL)
The high demands for uninterrupted produc-
tion and furnace capacity are met by Kanthal 
PM tubes. High loading potential, long service 
life and the possibility to exchange elements 
without interrupting production are the key 
reasons for their selection in this type of con-
tinuous process. PM tubes with Tubothal, 
Kanthal Super or Globar heating elements can 
be installed horizontally or vertically.

Installation of Tubothal and PM tubes in a continuous annealing line
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Strand annealing
Kanthal PM tubes can be delivered in 
lengths of up to 13 meters, with-
out welding. They work 
well in pure hydro-
gen, where NiCr 
tubes normally fail 
due to high tem-
perature scaling. 
The possibility of 
using PM tubes at 
a higher tempera-
ture means higher 
production rates.



Max 510 mm

Max
750 mm

Located
at hot spot

Max 510 mm

Max
750 mm

Located
at hot spot
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Design and installation guidelines

How tubes are supported is a key factor in 
achieving a long working life. The recommen-
dations on how to support tubes depend on 
many factors, such as temperature, tube dimen-
sion, unsupported length, element weight etc.

Supports should be designed with as large 
a support area as possible in order to spread 
weight and reduce the risk of indentation. 

With thermally isolating support materials, the 
risk of local overheating due to the shielding ef-
fect at the contact area, needs to be considered. 

Supports should be designed in such a way 
that thermal expansion is not restricted.

S.E.R systems, horizontally installed

Design of different furnace wall supports

S.E.R systems, vertically installed
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The hangers below are a common solution for 
reducing the unsupported length and stress on 
the tube at the support points.

Designs of hanger systems for long tubes.
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PM protection tubes for thermocouples  
and gas analysers 

Kanthal PM tubes have a long record of success-
ful installation as protective tubes for thermo-
couples and gas analysers up to temperatures of 
1250°C. There are also some installations where 
tubes have been used up to 1400°C, after special 
design considerations

The most commonly used tubes are in the 
smaller outer diameters- 26.67, 33.4 and 40 mm 
OD.

The advantages offered by using Kanthal PM 
protection tubes are:

• Resistant to temperatures 150° to 300°C higher 
than other types of metallic protection tubes.

• High resistance to attack by sulphur com-
pounds and to carburisation.

• The high temperature resistance of the material 
makes it possible to produce tubes with thin 
walls with a long service life. Thin walls give 
rapid heat transmission, which means higher 
sensitivity to temperature variations.

• The aluminium oxide layer on the protection 
tube has a minimal tendency to spall, which 
means that contamination is avoided. 

• No risk of short-circuiting caused by spalled ox-
ide. In contrast to chromium oxide, aluminium 
oxide is not electrically conductive.

Thermocouple protection tubes are delivered 
with welded end caps and suitable threads at the 
other end.

Tube dimension and direct thread
 Ø26.67 ✕ 2.87 mm ¾" BSP 
 Ø33.4 ✕ 3.38 mm 1" BSP 
 Ø40 ✕ 3 mm 1 ¼" BSP 
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 Product range

OD
mm

Wall
Thickness

mm

Weight
APM
kg/m

Weight
APMT
kg/m

Max.
Length

m

APM
Standard 

stock

APMT
Standard 

stock

26.67 2.87 1.52 13.0 •

33.4 3.38 2.26 13.0 •

33.7 6.0 3.71 10.5 •

40 3.0 2.48 13.0 •

50.8 6.35 6.30 6.39 7.0 • •

60.33 3.91 4.92 8.0 •

64 4.0 5.35 5.43 7.0 • •

75 4.5 7.08 7.19 12.0 • •

83 5.0 8.70 8.83 12.0 • •

89 5.5 10.2 10.4 12.0 • •

100 5.0 10.6 10.8 11.5 • •

109 5.0 11.6 10.0 •

115 5.5 13.4 13.6 8.0 • •

128 5.5 15.0 12.0 •

146 6.0 18.7 9.5 •

154 6.0 19.8 20.1 8.0 • •

164 6.0 21.2 7.0 •

178 8.0 30.3 6.5 •

198 9.0 37.9 5.0 •

Tolerances

Tubes ≤ OD 50 mm

 OD ±1.5%, min ±0.75 mm
 Wall thickness ±15%, min ±0.6 mm
 Straightness Max height of arc 3 mm/1000 mm

Tubes > OD 50 mm 
 OD ±1%
 Wall thickness ±15%

 Straightness Max height of arc 3 mm/1000 mm PM tubes are also successfully used as muffl es 
in sintering and mesh belt furnaces.
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Sandvik Materials Technology
Kanthal AB, Box 502, SE-734 27 Hallstahammar, Sweden Phone +46 220 21000, Fax +46 220 21166, E-mail info@kanthal.com
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EUROPE
Bulgaria
Kanthal Representative Office, SOFIA
Phone +359 2 2704 297
Fax +359 2 2971 4813

Denmark
Kanthal Norden AB
HVIDOVRE
Phone +45 3678 6600
Fax +45 3678 0703

England
Kanthal Ltd
STOKE-ON-TRENT
Phone +44 1782 224 800
Fax +44 1782 224 820

Finland
Kanthal Norden AB
VANTAA
Phone +358 9852 1633
Fax +358 9852 1651

France
SANDVIK SAS- Division Kanthal, 
COLOMBES-CEDEX
Phone +33 1 4786 5660
Fax +33 1 4786 5661

Germany
Kanthal, ZN der Sandvik GmbH, 
MOERFELDEN-WALLDORF
Phone +49 6105 40010
Fax +49 6105 400188

Italy
Società Italiana Kanthal  S.p.A
CINISELLO-BALSAMO
Phone +39 2 612 451
Fax +39 2 612 45350 

Norway
Kanthal Norden AB
STRØMMEN
Phone +47 6484 3560
Fax +47 6484 3565

Poland
Sandvik Polska Sp.
WARSAW
Phone +48 22 647 3830
Fax +48 22 843 0588

Russia
Sandvik-MKTC
MOSCOW
Phone +7 95 956 5080
Fax +7 95 289 7124 

Scotland
Kanthal Ltd
PERTH
Phone +44 1 738 493 300
Fax +44 1 738 493 301

Spain
SANDVIK ESPANOLA, 
S.A. Kanthal Division
MOLINS DE REI
Phone +34 93 680 2824
Fax +34 93 680 2966

Turkey
Kanthal Sandvik
ISTANBUL
Phone +90 216 309 1515
Fax +90 216 377 6957 

NORTH & SOUTH AMERICA
United States
The Kanthal Corporation
BETHEL, CT.
Phone +1 203 744 1440
Fax +1 203 748 2229

Kanthal Globar Inc.
NIAGARA FALLS, NY
Phone +1 716 286 7600
Fax +1 716 286 7602

Kanthal Palm Coast 
PALM COAST, FL.
Phone +1 386 445 2000
Fax +1 386 446 2244

MRL Industries Inc.
SONORA, CA
Phone +1 209 533 1990
Fax +1 209 533 4079

Brasil
Sandvik do Brasil S.A.- Kanthal
SANTO AMARO
Phone +55 11 5696 5400
Fax +55 11 5696 5481 

ASIA
Hong Kong
Kanthal Electroheat 
(HK) Ltd, KOWLOON
Phone +852 2735 0933
Fax +852 2735 7238 

India
Sandvik Asia Ltd- Kanthal
BANGALORE
Phone +91 4344 576045
Fax +91 4344 577244

China
Sandvik Int. Trading Co. Ltd.- Kanthal
SHANGHAI
Phone +86 21 5869 8969
Fax +86 21 5869 6155

Japan
Kanthal K.K. 
TOKYO
Phone +81 3 3443 1823
Fax +81 3 3440 5303

Singapore
Kanthal Electroheat Pty Ltd SINGAPORE
Phone +65 6 266 0300
Fax +65 6 266 0600 

South Korea
Sandvik Korea Ltd - Kanthal
SEOUL
Phone +82 2 761 0432
Fax +82 2 761 0435

AUSTRALIA
Australia
Kanthal Australia  
DANDENONG
Phone +61 3 9238 7216
Fax +61 3 9238 7165

New Zealand
Sandvik Australasia Ltd  
AUCKLAND
Phone +64 9 2735 888
Fax +64 9 2735 899

AFRICA
Kanthal Southern Africa  
GAUTENG
Phone +27 11 914 3400
Fax +27 11 914 4833

Sales and service all over the world


