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More power, longer life and less maintenance

Kanthal APM™ and Kanthal APMT ™ jron-chromium-aluminum (FeCrAl) alloys,
based on powder metallurgy, has been successfully used for many years in the
form of wire, strip, radiant and protection tubes.

Used mainly in the heat treatment, steel and aluminum industries, tubes
in Kanthal APM and Kanthal APMT FeCrAl alloys contribute to much higher
furnace productivity by offering more power, less maintenance and longer

service life.

Tubes made from Kanthal® includes Kanthal APM
(advanced powder metallurgy), suitable for most
types of processes, and Kanthal APMT, an alloy
with improved hot strength for extra demanding
horizontal applications.

Tubes made from Kanthal APM and Kanthal APMT
are suited to both gas and electrically heated
furnaces.

Extra high temperature

Can operate at temperatures up to 1250°C (2280°F).

High loading potential

At a furnace temperature of 1000°C (1830°F), the
loading can be more than double that of nickel-
chromium (NiCr) and iron-nickel-chromium
(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 APM and Kanthal APMT
alloys form an aluminum oxide (Al,O;) scale that
protects the alloy from further corrosion and pro-
longs the service life, compared with ordinary NiCr
or FeNiCr tubes.

No tube carburization
The alumina oxide protects the alloy from carburi-
zation in high carbon-potential atmospheres.

Kanthal APM and Kanthal APMT materials with-
stand coking and metal dusting.

Less maintenance

The oxide is non-spalling, hence no scaling and no
impurities inside the tube to contaminate the heat-
ing 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
temperatures.

Low weight

Tubes in Kanthal APM and Kanthal APMT alloys
weigh less than equivalent NiCr and FeNiCr tubes
of the same dimension.

Ready to install

Tubes in Kanthal APM and Kanthal APMT alloys
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 stan-
dard dimensions to fit most furnaces and to allow
fast deliveries.

To get in contact with your
local representative, please visit
www.kanthal.com or show this
QR-code to your smartphone.
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Kanthal APM™ and Kanthal APMT™ alloys

The Kanthal branded family of high-temperature
materials is aimed initially at the manufacture

of resistance wire and strip for electric furnace
applications. Tubes in Kanthal APM and Kanthal
APMT, are seamless and produced by extrusion.
They are suitable for use in a wide range of tem-
peratures and atmospheres, covering many applica-
tions and processes in various industries.

Kanthal APM and Kanthal APMT 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. Both grades are pro-

duced by an advanced powder metallurgy process
route. The powder metallurgy alloys maintain all
of the benefits of the traditional Kanthal alloys and
add many more. The most obvious benefit is the
higher mechanical strength achieved by dispersion
strengthening.

Kanthal APMT is a further development of
Kanthal APM, designed for especially demanding
applications. The alloy has the same excellent high
temperature corrosion resistance as Kanthal APM,
but with even higher strength.




Chemical composition and physical properties

Typical chemical composition

Weight %

C Si Mn Cr Mo Al Fe
Kanthal APM™ <0.05 <0.7 <0.4 22 - 5.8 balance
Kanthal APMT™  <0.05 <0.7 <0.4 22 3.0 5.0 balance

Kanthal APM™ Kanthal APMT™

Density, g/cm? (Ib/in?) 7.1 (0.257) 7.2 (0.260)
Emissivity — fully oxidized material 0.7 0.7

The material is magnetic up to approx. 600°C (1110°F) (Curie point)

Coefficient of thermal expansion

Thermal expansion, 10K

Temperature °C (°F) Kanthal APM™  Kanthal APMT™
20-250 (68-480) 13 12
20-500 (68-930) 13 13
20-750 (68-1380) 14 14
20-1000 (68-1830) 15 15
20-1250 (68-2280) 16 15

Thermal conductivity

Temperature, °C (°F)
50 (120) | 600 (1110) | 800 (1470) 1000 (1830) [1200 (2190) | 1400 (2550)

Kanthal APM™,
Wm- K- (Win“°F-) 11 (0.16) 20 (0.28) 22 (0.31) 26 (0.37) 27 (0.38) 35 (0.49

Kanthal APMT™,

Wm- K- (Win“°F-) 11 (0.16) 21 (0.30) 23 (0.32) 27 (0.38) 29 (0.41) 32 (0.45)

Specific heat capacity

Temperature, °C (°F)

600 800 1000 1200 1400
20 (68) | 200 (390) | 400 (750) | (1110) | (1470) | (1830) | (2190) | (2550)

Kanthal APM™,
kJkg K-

Kanthal APMT™,
kJkg K-

0.46 0.56 0.63 0.75 0.71 0.72 0.74 0.80

0.48 0.56 0.64 0.71 0.67 0.69 0.70 0.74



High-temperature strength

Creep rupture strength

Tubes in Kanthal APM™ and Kanthal APMT™
offer a unique combination of strength and cor-
rosion resistance, which allows them to be used
at higher temperatures than NiCr tubes and still
exhibit a long working life.

Creep rupture strength — 10000 h

With Kanthal APMT, tubes have similar strength
values as NiCr tubes, but retain much of their
strength up to temperatures well above the work-
ing temperature of NiCr tubes.
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Resistance to sagging deformation

Sagging is a form of creep deformation. Most creep
data is the result of uniaxial tests of standardized
samples. However, it is often very difficult to trans-
late creep data for horizontal and other applica-
tions 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 substan-
tially higher creep resistance than Kanthal APM
and equal to Kanthal APMT at 1100°C (2010°F).
When testing three extruded tubes of exactly the
same dimension in a sagging rig, tubes in both
Kanthal APM and Kanthal APMT outperformed the
FeNiCr-material. There are several reasons for the
difference between sagging data and creep data.



In the sagging test, the density of the tube mate-
rial plays a larger role than in a creep test, where
weights are applied independently of the alloy
tested. Another factor is the change in deforma-
tion behavior with time. All tubes show initially a
higher deformation rate. After the initial sagging,
the FeNiCr material follows a fairly linear behavior
with time. In the case of Kanthal PM the deforma-
tion rate continues to decrease with time.

This is often the experience in real applications.
Rotating tubes 180° at regular intervals is common

Comparative sagging test at 1100°C (2010°F)

practice in furnaces with welded or spun cast NiCr.
Normally it is not necessary to turn tubes in Kanthal
APM and Kanthal APMT, but if preferred, then only
once at the first maintenance stop after installation.

Another factor that often plays a significant 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.

Sagging, mm Sagging, in
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M Kanthal APM™ Kanthal APMT™ [l Fe-35Ni-25Cr

Tubes in Kanthal APMT (left) and Fe-35Ni-25Cr (right) after
the sagging test.



High temperature corrosion properties

Kanthal APM™ and Kanthal APMT™ alloys ex-
hibit excellent high temperature corrosion proper-
ties. The explanation for the excellent corrosion
resistance is the formation of a dense, cohesive
aluminum oxide layer on the surface protect-

ing the base material from corrosion attack. This
aluminum oxide, Al,O,, is formed through selective
oxidation of the aluminum in the alloys. There

are some criteria that an effective protective oxide
must fulfill.

e Thermodynamically stable — The oxide should not
be reduced or react in any other way with the
surrounding atmosphere

o Adherent — The oxide must not spall during ther-
mal cycling

e Low growth rate — Slow oxide growth is necessary
to ensure long life of the product

The aluminum oxide formed on Kanthal APM and
Kanthal APMT alloys fulfills the above criteria
better than any other protective oxide formed at
high temperatures. 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
Kanthal APM and Kanthal APMT alloys. Chromi-
um oxide is also volatile in many atmospheres i.e.
chromium oxide vaporizes from hot metal surfaces
and condenses on to colder surrounding surfaces.
Spalled and condensed chromium oxide causes
contamination and discoloration of products in
furnaces and can, in severe cases, cause furnace
malfunctions due to short circuiting of resistance
heating elements or clogging/leakage of gas valves.

Kanthal APM and Kanthal APMT alloys have the
ability to form a protective surface oxide film even
when the oxygen concentrations in the surrounding
atmosphere are very low. Practically all industrial
atmospheres contain enough oxygen to stabilize
aluminum oxide. The oxygen needed for the alu-
minum oxide growth can come from many sources
beside O,. Atmospheres containing oxygen in form
of H,0, CO/CO,, CH,0H or SO, can be regarded
as oxidizing for Kanthal APM and Kanthal APMT
alloys.

Comparison of Kanthal APMT tube versus Fe-35Ni-25Cr (after
2300 h at 1100°C (2010°F)).The FeNiCr tube is severely
contaminated with oxide flakes.

Excellent in high carbon-potential atmospheres
One of the primary benefits of tubes in Kanthal
APM and Kanthal APMT, is their excellent resis-
tance to carburization. NiCr and FeNiCr alloys
absorb carbon at a much faster rate than Kanthal
APM and Kanthal APMT, 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 transfer and
can cause overheating of tubes and the heating sys-
tem. This overheating also causes a further increase
in the rate at which carburization proceeds, so that
carbon build-up tends to accelerate with time.

However, with tubes in Kanthal APM and Kanthal
APMT, the protective layer of aluminum oxide
formed on the tube surface inhibits reactions
between the carbon and the base material. Alu-
mina is highly resistant to carbon. Experience has
shown that any carbon, which does accumulate,
does not adhere to the tubes and can be easily and
periodically brushed off the surface, to prevent any
undesirable effects.



Comparison of carbon build-up in a strand annealing furnace,
NiCr (left) and APM (right).

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

Carburization resistance

Carburized depth, pm
A

60

Experience has shown that Kanthal APM alloys
works excellently in metal dusting environments.
This is a severe form of localized carbon attack that
normally occurs in a temperature interval between
500 and 900°C (930-1650°F). Even though this is
a lower temperature range than would normally be
used for Kanthal APM and Kanthal APMT materi-
als, it has proven to resist attack much better than
conventional grades.

Resistant to sulphurous atmospheres

Tubes in Kanthal APM and Kanthal APMT are
highly resistant to sulphurous atmospheres, where
sulphidation and oxidation are competing reac-
tions. The corrosion resistance is good as long as
oxidation is the dominant reaction. 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, tubes in Kanthal APM
and Kanthal APMT are much more resistant to
sulphidation, since the alumina surface oxide is
much more stable at low oxygen concentrations
than chromium oxide.
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Maximum recommended temperatures

The diagram below shows recommended maxi-
mum temperatures for different alloys in various
atmospheres. These temperatures are chosen from
a practical, industrial point of view, although the
material can withstand higher temperatures if
needed.

For N, and N,+H, atmospheres, at low dew point

(<-20°C (-4°F)), special considerations are needed.
Please contact Sandvik for further information.

Maximum recommended permissible temperature in various atmospheres

Temperature, °C Temperature, °F
A A
1400 - 2550
1200 — [ 2190
1000 - 1830
800 A - 1470
600 - - 1110
400 - - 750
200 - - 390
° ' ' ' & ; | ' ' .
o o’ 4 & %
4%” /:/770/"5‘1‘* ’ /1/%9@/; . , 4©°” *0%'7% %%"% J/O’O S Se} 5,2, = * b <, o%)’
%%x

M Kanthal APM™ 25/20 25/35 M 601

* Limitation due to mechanical strength. The material can withstand temperatures up to 1425°C (2600°F)
** Temperature limitation depending on dew point
*** An atmosphere created by cracked ammonia, that may contain uncracked ammonia, will lower the max. permissible temperature.
Other materials designed for this atmosphere can be provided upon request
*** To utilize this temperature, Kanthal APM and Kanthal APMT alloys should be reoxidized at certain intervals



Limitations of conventional NiCr alloys
The majority of radiant tubes are manufactured
from nickel-chromium, or iron-nickel-chromium
alloys, produced by centrifugal casting, extrusion
or fabrication 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 atmospheres.The limitations in
performance have confined their use to relatively
low temperatures and power outputs.

The limitations of NiCr alloys, operating in oxidizing
conditions, are due primarily to the formation of
chromium oxide on the surface.Although this oxide
layer offers some protection against further oxida-
tion, 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
(2010°F) is imposed on radiant tubes made from
the NiCr family of materials.

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

When NiCr tubes are used as protective 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.




Kanthal APM™ or Kanthal 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 mechanical strength
is desired. Kanthal APMT is a new alloy specially
developed for these applications.

The composition of Kanthal APMT is slightly modi-

fied compared to Kanthal APM. The base is still
FeCrAl, but Kanthal APMT also contains 3wt %

molybdenum and the aluminum content is slightly

lower. These small modifications in composition

Sample weight gain — 1100°C (2010°F)

mg/cm? mg/in?
A A
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0 -‘ - 0.0
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-6 - -38.7
-8 1 - -51.6
-10 T T T T T T T T -64.5
0 100 200 300 400 500 600 700 800 900
Time, h

M Kanthal APM™ Kanthal APMT B HP (Fe-35Ni-25Cr)



have not affected the oxidation resistance. Kanthal
APMT forms a protective aluminum oxide, just
like Kanthal APM, and tests show that the behav-
ior in carburizing and sulphidising atmospheres is
practically identical for the two alloys.

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

assemblies.

Creep rupture time at 1100°C (2010°F)

Stress, MPa
A

100

0.1

3500

1

M Kanthal APM™

|
I/ 11
|
T T T
10 100 1000
Time, h
Kanthal APMT™

>
>

T T
10000 100000



Gas-fired heating 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 fur-
nace temperature, and the majority of the energy
of combustion is lost to the atmosphere. The use
of tubes in Kanthal APM™ and Kanthal APMT,™
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 efficiency, by ex-
hausting only low temperature gases into the atmo-
sphere. Common designs are U, W, and P shaped

Power output SER-burner systems

tubes, but these are gradually being replaced by
less expensive and lighter single-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,
minimizing heat loss in the process.

Modern, high efficiency SER systems offer efficien-
cies in excess of 80% and are highly cost effective
compared with direct fire systems and straight
through designs of radiant tube. The inherent reli-
ability and temperature capability of tubes in
Kanthal APM and Kanthal APMT makes them

an ideal partner for the modern low NO_, high
efficiency burners available, and they are rapidly
becoming the preferred choice for the most de-
manding 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 temperature than
the outer tube. Even in low temperature applica-

kW/m2 KW/ft2
A A
90 - 8.3
80 7.4
70 -6.5
60 -5.6
50 4.6
40 - 3.7
30 2.8
20 - 1.9
10 - 1.4
O T T T T T T T 0
800 850 900 950 1000 1050 1100 1150 1200°C
1470 1560 1650 1740 1830 1920 2010 2100 2190°F
Furnace temperature, Tf
M Kanthal APM™ and Kanthal APMT™ NiCr/FeNiCr



tions, the inner tube temperature can exceed the
practical maximum for NiCr materials, especially
when the burner output is high. This has imposed
severe limitations on the output of radiant tube
designs.

Radiant tubes in Kanthal APM and Kanthal APMT
however, are capable 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. The poten-
tial benefits, in terms of productivity and installed
costs, are immense and the use of Kanthal APM
and Kanthal APMT alloys has extended the tem-
perature range of radiant tube assemblies.

Silicon carbide inner tubes

Silicon carbide can be combined with tubes in
Kanthal APM and Kanthal APMT in gas applica-
tions, where the temperature 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
flame tube (inner). The flame tube is the part in the
system that works at the highest temperature, often
100-200°C (210-390°F) warmer than the outer
tube. As outer tubes, Kanthal APM and Kanthal
APMT alloys 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.

Vertical SER.

Straight through.

Horizontal SER.




Application areas

Extruded tubes in Kanthal APM™ and Kanthal
APMT™ alloys have rewritten the rule book.
The combination of good hot strength, supe-
rior 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, carburiz-
ing and tempering furnaces

Tubes in Kanthal APM and
Kanthal APMT alloys and
Tubothal heating elements

have proved to be a maintenance
free combination in this type of
operation. Aluminum oxide scale
protects the tube from carburization,

and because of the higher rating potential, produc-
tivity can be increased without putting tube life

at risk. A retrofit with tubes in Kanthal APM and
Kanthal APMT for gas or electric furnaces is easily
carried out, resulting in higher production and reli-
able long-term operation.

High temperature carburizing

Carburizing normally takes place at 930°C (1710°F)
but with Tubothal® heating elements, it is possible
to increase the temperature to 1050°C (1920°F)
and the furnace capacity by some 30%. The system

5 @H>

950°C 1050°C 1050°C

E 1 e

A schematic outline of the furnace type with typically four zones.
No 1 heating at 950°C (1710°F), No 2 heating at 1050°C (1920°F), No 3 carburizing and No 4 diffusion both at 1050°C (1920°F).
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with Tubothal heating elements are in fact the only  for use in sealed quench furnaces with high carbon

metallic system that could work at this elevated potential atmospheres. High loading and tem-

temperature. The furnace atmosphere, endothermic ~ perature possibilities can uprate the furnace and

with a high carbon potential at the carburizing increase production at low cost.

zone, is not a problem for tubes in Kanthal APM

and Kanthal APMT. Through its Kanthal® brand, Sandvik offers a com-
plete heating range:

Sealed quench furnaces Gas heated — with or without inner tubes.

The carburization resistant properties of tubes in Electric heated — with Tubothal, Kanthal® Super or

Kanthal APM and Kanthal APMT make them ideal ~Kanthal® Globar® heating elements.

Gas heated — SER.

Electric —Tubothal. Electric — Kanthal Super or Kanthal Globar.
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Non-ferrous industry
Aluminum melting and holding
The high power of Tubothal®
heating elements, combined
with the corrosion resistant
oxide surface of tubes in
Kanthal APM™ and Kanthal
APMT™ alloys, is the
main reason for
the success of
this system in
melting and
holding furnac-
es. A lifetime

of up to three
trouble free
years is not
unusual.

Dosing furnaces

Kanthal® Globar® silicon carbide
elements are normally used with-
out protection tubes. The use

of tubes in Kanthal APM

and Kanthal APMT alloys

has, however, several ad-
vantages. Dross and slag

is often removed manually

with a risk of breaking the
elements and contaminat-

ing the aluminum bath.

Tubes in Kanthal APM

and Kanthal APMT alloys

will protect the elements and

contribute to a long maintenance free

operation.

Other areas of application
Die-casting furnaces.

Aluminum filter boxes.
Magnesium melting and holding.




The steel industry

Continuous annealing lines (CAL)

and galvanizing lines (CGL)

The high demands for uninterrupted production
and furnace capacity are met by tubes in Kanthal
APM and Kanthal APMT. High loading potential,
long service life and the possibility to exchange ele-
ments without interrupting production are the key
reasons for their selection in this type of continu-
ous process. Tubes in Kanthal APM and Kanthal
APMT alloys with Tubothal, Kanthal® Super or
Kanthal Globar heating elements can be installed
horizontally or vertically.

Installation of Tubothal and Kanthal APM tubes in a continuous annealing line.

I
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Strand annealing
Tubes in Kanthal APM™ and Kanthal APMT™
alloys can be delivered in lengths of up to 13 meters
(42.6 ft), without welding. They work well in pure
hydrogen, where NiCr tubes normally fail due to
high temperature scaling. The possibility of using
tubes in Kanthal APM and Kanthal APMT alloys
at a higher temperature means higher production
rates.



Design and installation guidelines

How tubes are supported is a key factor in achiev-
ing a long working life. The recommendations on
how to support tubes depend on many factors,
such as temperature, tube dimension, unsupported
length, element weight etc.

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

—

]
B

—

Design of different furnace wall supports.

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

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

© [Ciile=-

SER systems, vertically installed.

O
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SER systems, horizontally 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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Protection tubes for thermocouples and gas analyzers

Tubes in Kanthal APM™ and Kanthal APMT™
alloys have a long record of successful installation
as protective tubes for thermocouples and gas
analyzers up to temperatures of 1250°C (2280°F).
There are also some installations where tubes have
been used up to 1400°C (2550°F), after special
design considerations.

The most commonly used tubes are in the smaller
outer diameters — 26.67, 33.4 and 40 mm (1.03,
1.31 and 1.57 in) OD.

The advantages offered by using protection tubes
in Kanthal APM and Kanthal APMT alloys are:

e Resistant to temperatures from 150°C to 300°C
(300—570°F) higher than other types of metallic
protection tubes.

e High resistance to attack by sulphur compounds
and to carburization.

e 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.

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

e No risk of short-circuiting caused by spalled
oxide. In contrast to chromium oxide, aluminum
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

D26.67 x2.87mm (1.05x0.11in) 34" BSP
3334 x3.38mm (1.31x0.13in) 1" BSP
340 x 3 mm (1.57 x 0.12'in) 1 %" BSP

25



Product range

Wall thickness | Kanthal APM™ |Kanthal APMT™| Max. length Standard stock
kg/m  Ib/ft | kg/m  Ibift m ft K:':;a' t:':'.‘rﬂ
26.67 1.05 2.87 0.11 152  1.02 13.0 42.6 o
33.4 1.31 3.38 0.13 226  1.52 13.0 42.6 o
33.7 1.33 6.0 0.24 3.71 2.49 10.5 34.4 o
40 1.57 3.0 0.12 248 1.67 13.0 42.6 o
50.8 2.00 6.35 0.25 6.30 4.23 7.0 23.0 o
60.33 2.38 3.91 0.15 492  3.31 8.0 26.2 o
64 2.52 4.0 0.16 5.35 3.60 7.0 23.0 o
75 2.95 4.5 0.18 7.08 476 719 483 12.0 39.4 o o
83 3.27 5.0 0.20 8.70 585 8.83 593 120 39.4 o o
89 3.50 5.5 022 10.2 6.85 10.4 6.99 12.0 39.4 o o
100 3.94 5.0 020 10.6 712 108 726 115 37.7 o o
109 4.29 5.0 020 11.6 7.79 10.0 32.8 o
115 4.53 5.5 022 134 9.00 13.6 9.14 8.0 26.2 o o
128 5.04 5.5 022 15.0 10.08 12.0 39.4 o
146 5.75 6.0 024 187 1257 9.5 31.2 o
154 6.06 6.0 024 19.8 13.30 8.0 26.2 o
164 6.46 6.0 024 212 1425 7.0 23.0 o
178 7.01 8.0 0.31 303 20.36 6.5 21.3 o
198 7.80 9.0 0.35 379 2547 5.0 16.4 o
260 10.24 11.0 043 61.1 41.06 3.0 9.8 .

* Tubes in Kanthal APMT are also available in all sizes. Please contact Sandvik for special requests.

Tolerances

Tubes =<OD 50 mm

OD +1.5%, min =0.75 mm (0.030 in)

Wall thickness  =15%, min +0.6 mm (0.024 in)

Straightness Max height of arc 3 mm/1000 mm (0.12 in/39.4 in)

Tubes >OD 50 mm

OD +1% Tubes in Kanthal APM™ and
Wall thickness +=15% Kanthal APMT™ alloys are also
Straightness Max height of arc 3 mm/1000 mm (0.12 in/39.4 in) successfully used as muffles in

sintering and mesh belt furnaces.
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Sandvik Group

The Sandvik Group is a global high technology enterprise with 47,000 employees in 130 countries. Sandvik's operations are concentrated
on five business areas in which the group holds leading global positions in selected niches: Sandvik Mining, Sandvik Machining Solutions,
Sandvik Materials Technology, Sandvik Construction and Sandvik Venture.

Sandvik Materials Technology
Sandvik Materials Technology is a world-leading developer and manufacturer of products in advanced stainless steels and special alloys for
the most demanding environments, as well as products and systems for industrial heating.

Kanthal is a Sandvik owned brand, under which world class heating technology products and solutions are offered. Sandvik, Kanthal, Globar,
Tubothal and Kanthal Super are trademarks owned by Sandvik Intellectual Property AB.

Quality management

Sandvik Materials Technology has quality management systems approved by internationally recognized organizations.\We hold, for example,
the ASME Quality Systems Certificate as a materials organization, approval to 1SO 9001,1SO/TS 16949,1SO 17025 and PED 97/23/EC.We
also have product and/or shop approvals from bodies such as TUV.,JIS, DNV and Lloyd's Register..

Environment, health and safety
Environmental awareness, health and safety are integral parts of our business and are at the forefront of all activities within our operation.
We hold ISO 14001 and OHSAS 18001 approvals.

Recommendations are for guidance only,and the suitability of a material for a specific application can be confirmed only when we know
the actual service conditions. Continuous development may necessitate changes in technical data without notice.

This printed matter is only valid for Sandvik material. Other material, covering the same international specifications, does not necessarily
comply with the mechanical and corrosion properties presented in this printed matter.
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