WHITEPAPER
EN / GB

www.deloro.com




Stellite®: Challenges in the welding process www.deloro.com

Imprint

Copyright 2025

Deloro Wear Solutions GmbH
Zur Bergpflege 51 — 53

56070 Koblenz

Germany

All rights reserved.

The contents of this white paper, including all text, graphics, data, and other repre-
sentations, are protected by copyright. Any use, reproduction, distribution, or other
exploitation, whether in whole or in part, is not permitted without the express prior
written consent of the copyright holder. Violations may be prosecuted under civil
and, where appropriate, criminal law.

Text: Rica NieRen, additiv

As of September 2025

Contact: info@deloro.com

Page 2 of 16 DWS_Whitepaper_Schweien von Stellite_202500922_B.00_en-GB



www.deloro.com Stellite®: Challenges in the welding process

Table of Contents

EAITOTIAN ettt eeesssesenes 7
Stellite® and its CharacteristiCs .........ooevvevnnnnnssccecceencnee 9
Weld Deposition Processes suitable for Stellite® Alloys........... 1
Stellite® in Additive Manufacturing.............incncnncnns 13
Stellite®: A reliable and durable All-Rounder...............ccccceuceu... 15

DWS_Whitepaper_Schweien von Stellite_202500922_B.00_en-GB Page 3 of 16



Stellite®: Challenges in the welding process www.deloro.com

Page 4 of 16 DWS_Whitepaper_Schweien von Stellite_202500922_B.00_en-GB



www.deloro.com enges in the welding process

Stellite® alloys are cobalt-based materials

featuring a cobalt-chromium matrix enriched

with complex mixed carbides. These alloys are
widely used across industries such as pumps
and valves, paper and plastics, steam turbines,

and nuclear applications.
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Editorial

Dear Readers.

Intoday’s industrial landscape, precision and durability are paramount.
Welding deposition has become increasingly vital — not only for rein-
forcing or repairing components but also for tailoring material pro-
perties to meet specific demands. This technique is especially crucial
when working with highly specialized materials designed to endure ex-

treme conditions.

At Deloro Wear Solutions, we trust Stellite® as our go-to material for
challenging welding applications. Renowned for its outstanding resis-
tance to corrosion, wear, oxidation, and extreme temperatures, Stellite®
demands equally advanced welding techniques. Additive manufactu-
ring with Stellite® alloys, in particular, requires deep metallurgical ex-

pertise and robust technical know-how.

This whitepaper offers a comprehensive overview of the various Stel-
lite® alloys. It outlines proven welding techniques for processing these
materials, discusses the challenges and key considerations in welding
deposition, and explores recent advances in additive manufacturing
using Stellite® alloys.

We hope you enjoy the read!

Jasmin Lang
Director Welding Equipment, Materials and Marketing
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Stellite® and its
Characteristics

Stellite® alloys are cobalt-based materials featuring a cobalt-chro-
mium matrix enriched with complex mixed carbides. These alloys are
widely used across industries such as pumps and valves, paper and
plastics, steam turbines, and nuclear applications. At Deloro, we clas-

sify these alloys into two primary systems:

1. Cobalt-Chromium-Tungsten-Carbon System
These include alloys such as Stellite® 1, 6 and 12. A characteristic
feature of this system is the formation of carbides, i.e. metal-
carbon compounds such as M7C3, which have high hardness
and temperature resistance. The basic rule is: the higher the
carbon content, the more carbides are formed and the harder
the alloy becomes. However, this also leads to increased su-
sceptibility to cracking, which makes welding more difficult.

2. Cobalt-Chromium-Molybdenum/Tungsten System
These include our Stellite® 21 and 25 alloys. These consist mainly
of solid-solution strengthened phases with significantly fewer
carbides due to their low carbon content compared to the co-
balt-chromium-tungsten system. However, they offer exceptio-
nal corrosion, oxidation and high-temperature resistance. They
are therefore particularly suitable for applications in aerospace
(e.g. gas turbines), valve technology and the medical sector.
Due to the low carbon content, toughness is improved and wel-
ding is easier.
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Both alloying systems contain minor alloying elements such as nickel
(Ni), iron (Fe), manganese (Mn) and silicon (Si), which further influence

the properties of the alloys.

Iron and nickel stabilize the face-centered cubic (fcc) structure. This is
beneficial for ductility, but detrimental to strength and corrosion resis-
tance. Both these alloying elements, but particularly iron, are cheaper

than cobalt.

Mn and Si are particularly important for manufacturability (= fluidity
of the melt and deoxidation). In alloys with intermetallic phases (such
as Tribaloys), Si participates in the formation of the intermetallic pha-

ses and is therefore an important alloying element.

Despite their wear resistance, Stellite® alloys offer good weldability
when the parameters are adjusted to the specific requirements of

the components being hardfaced. Deloro offers Stellite® alloys in the
form of powder, rod, wire and electrodes, which are suitable for a wide
range of welding techniques. Another advantage is the comparatively
low preheat required when depositing Stellite®, especially when com-
pared to nickel-chromium-boron-silicon alloys (e.g. Deloro® alloys),
which have a similar hardness to Stellite®. This low heat input minimi-
ses the risk of distortion and cracking and facilitates use in thermally
sensitive applications.
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Weld Deposition
Processes suitable for
Stellite® Alloys

The appropriate welding process for handling Stellite® alloys depends
largely on the required properties and area of application of the com-
ponent being hardfaced. Plasma-transferred arc (PTA) welding and
laser cladding have proven particularly suitable in practice, as they
offer high reproducibility and process stability.

Compared to conventional welding processes, the PTA process has
the advantage of a high degree of automatability, which guarantees
consistent welding quality. Laser cladding can similarly be automa-
ted and also enables a microstructure with a significantly finer grain
structure due to the faster cooling rate, which leads to a higher hard-
ness with identical chemical composition.

Deloro welding system “Premium Line” in use.
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However, with both processes, one must carefully consider the choice
of the hardfacing alloy in terms of layer thickness and susceptibility

to cracking. Low dilution increases the hardness of the deposit, which
improves wear resistance but also impairs weldability due to the hig-

her cracking susceptibility.

Dilution with the base material, with the associated increased iron

content, can have the following effects on Stellite® alloys:

e Corrosion resistance: As the chromium content of the alloy de-
creases to 20-25%, the resistance of Stellite® alloys in extremely
corrosive environments is reduced. Nevertheless, this corrosion
resistance remains higher than that of many stainless steels.

» Alloy hardness: Dilution reduces the hardness of the overlay alloy.

* Wear resistance: A reduced carbon content reduces the wear
resistance.

Taking into account good adhesion to the base material, the aim
should therefore be to achieve the lowest possible dilution. In the PTA
process in particular, it is advisable to weld two layers: in the first layer,
dilution will be high, so this layer should be applied as thinly as pos-
sible. The second layer is welded onto this base, allowing the Stellite®
properties to fully develop. Careful heat management is required for
optimum results, i.e. a certain minimum interlayer temperature must
be maintained to prevent cracking in the Stellite® alloy and the base
material.

www.deloro.com
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Stellite® in Additive
Manufacturing

Processing Stellite® poses a particular challenge in additive manufac-
turing. In laser powder bed fusion (LPBF) in particular, energy is ap-
plied extremely selectively, enabling the precise production of com-
plex and delicate structures. The relatively rapid cooling rate leads

to a finer microstructure and improves mechanical properties such
as hardness, tensile strength and wear resistance. However, this also
increases cracking susceptibility during printing, which makes the

printed part prone to defects.

The 3D printing of Stellite® alloys is therefore particularly challenging
and has not been widely adopted to this very date. Due to its low car-
bide content, Stellite® 21 is the most ductile alloy in the Stellite® portfo-
lio, making it the first choice for additive manufacturing.

Continuous development is also taking place in this area. There are
currently three options and processes available for overcoming the
challenges of additive manufacturing with Stellite®. We have already
tested all of these solutions.

Option I: Preheating the powder, the build chamber
and/or the build platform

The use of specially configured additive manufacturing machines
that heat the powder to be printed and the build platform itself can
reduce the cooling rate and thus minimise the risk of cracks in the
workpiece. This process has been trialed at various research institu-
tes. However, it is both time-consuming and costly in terms of equip-

ment.
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Option 2: Binder jetting

In binder jetting, i.e. free jet binder application, 3D printing takes pla-
ce without direct energy impact during the process. The powder bed
material is not melted directly by a laser or other energy sources;
instead, it is selectively bonded and the resultant component is then
separated from the powder bed and sintered in a furnace. This met-
hod prevents thermally induced cracking during the 3D printing pro-
cess. However, it requires the use of a special powder with a precisely
defined particle size distribution. In addition, sintering leads to shrin-
kage due to binder loss, which makes it difficult to produce parts with
tight tolerances. Residual porosity in the workpiece cannot be com-
pletely ruled out either.

Option 3: Material development

The hope lies in material development. Here, the chemical composi-
tion of the powder is specifically modified to reduce crack sensitivity
carbon content, which can initially result in a lower hardness.
However, the faster cooling rate results in a finer structure, which in
turn improves the properties of the component. The end result is a
component with optimal mechanical properties that is much easier
to print. Another advantage of this method is that material develop-
ment can be carried out using common printing systems that are
already established on the market.

Our Stellite® alloys are suitable for all three options described above,

offering flexible options for various application requirements in additive
manufacturing.
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Stellite®: A reliable and
durable All-Rounder

There is no one correct method for welding Stellite®. The choice of
welding method depends on the properties that the material should
have at the end of production. In summary, one can say that Stelli-
te® alloys are not only extremely durable, but also versatile. Thanks to
their exceptional wear and corrosion resistance, they are ideal for use
in industrial applications. Their efficiency and robustness make them

durable and perfect for demanding environments.v

If you have any questions, the experts at Deloro are here to help:

Email: info@deloro.com

Phone: 0049 (0)261 80880

Linked.in: deloro-wear-solutions-gmbh
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