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Abstract: Article presents the results of research aimed at determining the quality of the weld layers produced during the renovation of the
surfaces of molds intended for injection molding of aluminum alloys. Plasma arc transfer (PTA) technology was used. Medium alloy steel
X38CrMoV5-1 (H11) was used as the mold material. Three types of additives in powder form were used to create functional layers: two
iron-based types with the designation HSS 23 and HSS 30 and one nickel-based type with the designation DEW Nibasit 625-P. The quality
of the layers was assessed using non-destructive and destructive tests. The surface integrity of the layers was assessed using visual and
capillary tests. Chemical composition of the elements was determined by energy-dispersive X-ray spectroscopy (EDX) analysis using a SEM
microscope and the hardness of individual layers was evaluated also. Since molds are subject to significant frictional wear during operation,
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1. Introduction

The automotive industry is rapidly evolving to meet the demands of
energy efficiency, environmental sustainability, and performance
optimization. A key strategy in this transformation involves
reducing vehicle weight to lower fuel consumption and emissions
without compromising mechanical integrity or safety. Lightweight
materials such as aluminum alloys play a crucial role in this effort
due to their excellent strength-to-weight ratio, corrosion resistance,
and recyclability. Among the various manufacturing technologies,
high-pressure die casting (HPDC) has emerged as a preferred
method for producing complex aluminum components used in
automotive applications. HPDC enables the rapid, repeatable, and
high-volume production of intricate parts with tight dimensional
tolerances and excellent surface finish. Despite its advantages, the
process imposes extreme thermal and mechanical stresses on the die
components, especially the mold cavities and cores. These critical
components are typically manufactured from high-alloy tool steels
designed to withstand elevated temperatures, cyclic thermal
loading, and direct contact with molten metal. [1-2]

However, over time, these molds experience significant
degradation due to surface wear mechanisms, including erosion,
corrosion, adhesion, and thermal fatigue. Repeated exposure to
molten aluminum at temperatures often exceeding 600 °C, coupled
with high injection pressures (up to 120 MPa) and fast metal flow
velocities (up to 120 m/s), subjects the mold surfaces to intense
thermo-mechanical  cycling. These conditions result in
microstructural deterioration, crack formation, and interfacial
chemical reactions that gradually compromise the tool’s functional
performance. As a result, the life span of die casting molds becomes
a limiting factor in the economic and operational efficiency of
production. The economic impact of mold degradation is
substantial. The cost of manufacturing or replacing a single mold
insert can exceed €10,000, making frequent replacement
unsustainable, especially for high-volume automotive casting
operations. This has led to growing interest in technologies that can
extend the service life of molds through targeted surface restoration
rather than full replacement. Among these, Plasma Transferred Arc
(PTA) surfacing has shown significant potential. PTA is a high-
performance cladding technique capable of depositing wear- and
heat-resistant layers onto the surface of tool steels. Unlike
conventional welding or coating methods, PTA enables precise
control overheat input, dilution, and layer thickness, resulting in
high-quality metallurgical bonds with minimal distortion. The
process uses a high-temperature plasma arc to melt and transfer
powdered filler materials—often based on cobalt, nickel, or iron
alloys—onto the substrate. This produces dense, uniform, and hard
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surfaces with tailored microstructures suitable for the extreme
demands of HPDC environments. [3-5]

One of the critical advantages of PTA technology lies in its ability
to apply functional layers that improve resistance to thermal fatigue,
oxidation, and molten metal corrosion. These enhancements are
particularly relevant for molds exposed to aluminum alloys such as
AISi8Cu3, which are aggressive toward steel surfaces and promote
intermetallic compound formation at the mold-metal interface. The
PTA-applied layers act as barriers, slowing the diffusion of
aluminum into the base material and reducing the likelihood of
crack propagation and adhesive wear. To further enhance the
effectiveness of PTA-treated surfaces, localized surface treatments
such as laser heat modification can be employed. Laser processing
allows for precise, localized heating and rapid cooling, resulting in
refined grain structures, reduced residual stresses, and increased
hardness. This preparation step is particularly beneficial when
followed by the application of protective thin films using techniques
like Physical Vapor Deposition (PVD) or Plasma-Enhanced
Chemical Vapor Deposition (PE-CVD). These coatings—often
composed of TiAIN, CrAlIN, or other advanced nanostructured
materials—significantly improve tribological and corrosion
resistance, offering additional protection to the PTA-enhanced
surfaces. Comprehensive evaluation of these multi-step surface
enhancement processes is critical to understanding their long-term
performance. Non-destructive testing (NDT) techniques are used to
detect internal flaws, porosity, or cracks within the PTA layers,
while destructive methods such as hardness testing, metallographic
examination, and microstructural analysis provide detailed insights
into bonding quality and phase distribution. The combination of
these methods ensures that the renovated surface meets or exceeds
the functional requirements of original mold materials. Another key
performance parameter for refurbished molds is their tribological
behavior under casting conditions. [6-7]

Tribological testing, such as the Pin-on-Disc method under dry
sliding, is used to measure the coefficient of friction and wear rates
of the treated surfaces. These tests simulate real contact conditions
and help assess the durability and stability of the PTA and coating
systems under operational stresses. In addition to mechanical wear,
high-temperature corrosion remains a serious challenge for molds in
aluminum casting. To evaluate the corrosion resistance of PTA-
treated surfaces, immersion tests in molten AISi8Cu3 alloy are
conducted. These tests mimic actual foundry conditions, where
direct contact between the molten alloy and mold surface occurs
repeatedly. Post-test analysis using Scanning Electron Microscopy
(SEM) and Energy-Dispersive X-ray Spectroscopy (EDX) reveals
the extent of intermetallic compound formation, corrosion depth,
and element diffusion profiles. The findings are crucial for
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optimizing PTA parameters and filler material compositions to
resist chemical degradation effectively. [8-12]

The integration of PTA cladding, laser-assisted surface
treatment, and nanostructured coatings represents a comprehensive
and scalable strategy for extending the life and functionality of die
casting molds. By restoring surface properties and adding new
protective capabilities, these processes can delay the onset of wear
and failure mechanisms, reduce the frequency of mold replacement,
and improve the overall reliability of casting operations.

2. Materials for Production of Prototype Parts

Plasma Transferred Arc (PTA) welding is an advanced development
of the Gas Tungsten Arc Welding (GTAW) process. It is a highly
controllable and easily automated technique that allows for precise
adjustment of welding parameters, resulting in superior joint quality
and weld consistency. Owing to its precision and robustness, PTA
welding is particularly well-suited for hardfacing and cladding
applications in demanding industries. Plasma hardfacing machine
PPC 250 R6 (Fig.1). This automatic hardfacing machine is designed
for the hardfacing of rotating and nonrotating parts using the PTA
method. Components can be hardfaced on the forehead or around
their perimeter. The machine enables pulse hardfacing with a
current of 50-250 A and a frequency of 0-200 Hz. The torch (Fig.
2.) is closed by a cover with a protective hardfacing glass. The
machine burner is guided in four axes, X, Y, Z, and N, so that the
feed is allowed in three axes with rotation of the whole system,
while the positioner is controlled in two axes, C and R. The
machine is equipped with a feeder of additional material in powder
form to supply feed gas.

Medium alloy tool steel marked X38CrMoV5-1 (W. Nr. 1.2343;
HRC 50) was used as the base material to produce test hardfacing
layers. It is characterized by high heat strength and resistance to
tempering, as well as very good toughness and plastic properties at
both normal and elevated temperatures. Furthermore, the steel
shows very good resistance to thermal fatigue cracking and low
sensitivity to sudden thermal shocks. It is well malleable when hot
and well machinable in the soft annealed condition. The chemical
composition of the base tool steel and its mechanical properties are
presented in Tables 1 and 2.

Fig.1 Plasma hardfacing machine PPC 250 R6 with plasma
transferred arc (PTA) technology.
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Table 1: Chemical composition of the base material X38CrMoV5-1
(in wt %)

C Mn | Si Cr Mo \% P S Fe

037 045 |10 5.3 13 0.4 0.017 | 0.011 | Res.

As additive material three powder-based alloys were utilised as
filler materials for hardfacing: Vanadis HSS 23, Vanadis HSS 30,
and DEW Nibasit 625-P. HSS 23 and HSS 30 are high-speed steels
produced by powder metallurgy, characterised by high carbide
content, excellent compressive strength, and wear resistance. HSS
30 is alloyed with cobalt to enhance red hardness. DEW Nibasit
625-P is a nickel-based alloy designed for corrosion- and wear-
resistant overlays. Table 3 summarises the chemical composition of
the additive powders.

Table 2: Mechanical properties of the base material X38CrMoV5-1
(manufacturer data)

Yield Strength S-[re'enr?;;tGh Elongation A5 Hardness
(MPa) (MPa) (%) (HRC)
1420 1680 12 50

Table 3: Chemical composition of additive materials (wt%)

Additive | C Cr | Mo | W \Y/ Co Fe Si | Mn
HSS23 | 1.28 | 420 | 500 | 640|310 | — |Bal. | — | —
HSS30 | 1.28 | 420 | 5.00 | 6.40 | 3.10 | 850 | Bal. | — | —
Nibasit

625-P 0025220900 — | — | — |0.01| 05| 0.4

Hardfacing was performed using a PPC 250 R6 automatic plasma
transferred arc (PTA) system (PTA parameters for each layer are
shown in Table 4.), configured for pulsed-current deposition. The
system enabled precise control of heat input and oscillation during
the overlay process. A powder feeder was integrated to ensure
consistent delivery of additive material under inert gas protection.
The substrate plates (dimensions: 120 x 350 x 50 mm) were
mechanically prepared, degreased, and preheated to 250 °C prior to
deposition to reduce residual stress. Hardfacing was performed in
two layers with increasing energy input in the second layer to
ensure adequate metallurgical bonding and minimize dilution.

Table 4: PTA parameters for each layer

Parameter First Layer Second Layer
Current (peak/base) 110/45 A 140/45 A
Frequency 444 Hz 444 Hz
Swina ste 3.9 mm, 5.0 mm
9 step 2.1 mm-s™ ! 4.5mm-s™ !

- 80 mm 80 mm
Swing length 3.1 mm'ss ! 3.3 mm's !
Powder feed rate 26.4 g'min” ! 27.8 g'min” !

Fig. 2 shows the microstructure of the base material X38CrMoV5-1
formed by randomly oriented tempered martensite laths. The lath is
about 2 um thick and 15 pm long, this microstructure has a very
high density of tangled dislocations and a large amount of small
carbides, which provide good strength to the steel at room and high
temperatures.
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1.2343).

Additive material was added to the base material in two hardfacing
layers. Before proceeding with the hardfacing process itself, the
surface of the base material was prepared properly. The base
material was preheated to 250 °C. Heat treatment was performed as
follows: quenching from 1230 °C followed by triple tempering at
550 °C/1 h.

Following the hardfacing process, the primary objective of the
current research is to conduct detailed microstructural
characterization. To thoroughly analyze the microstructure within
the various regions — namely, the fusion zone (FZ), heat-affected
zone (HAZ), and base metal (BM) and particularly to assess the
degree of mixing between the additive and base materials, a
combination of light microscopy (LM) and scanning electron
microscopy (SEM) was employed. For this purpose, polished
samples were prepared and etched using Cor etchant, composed of
120 mL of acetic acid (CH; COOH), 20 mL HCI, 3 g picric acid,
144 mL CH3O0H), were used to identify the microstructures HSS 23
and HSS 30. Marble (CuSO4 + HCI) etchant was used for the DEW
Nibasit 625-P alloy. Metallographic observations at a magnification
of 50x and 500% were carried out with a Keyence VHX 5000 light
microscope (Osaka, Japan).

The morphological characteristics of the microstructural
constituents were examined using scanning electron microscopy
(SEM; Jeol JSM-7000F, Jeol Ltd., Tokyo, Japan) equipped with
analytical units and energy-dispersive X-ray spectroscopy (EDX;
Oxford Instruments, Abingdon, UK), utilizing back-scattered
electrons (BSEs). EDX was employed to determine the chemical
composition of the structural phases and to perform an overall
elemental analysis. Since the samples were embedded in an
electrically conductive polymer, carbon was excluded from the
EDX results due to potential interference from the polymer matrix.
The EDX analysis presented here is therefore considered semi-
quantitative. Observations were conducted on Nital-etched samples
at an accelerating voltage of 20 kV. Additionally, the chemical
composition of the test materials was confirmed using a Belec
Compact Port spark optical emission spectrometer (Belec
Spektrometrie  Opto-Elektronik ~ GmbH,  Georgsmarienhiitte,
Germany). Microhardness measurements were performed across
different regions using a Shimadzu HMV-2 microhardness tester
(Shimadzu, Kyoto, Japan), applying the Vickers method in
accordance with EN 1SO 6507-1, with a test load of 4.903 N (500 g,
HV 0.5) and a full load dwell time of 15 s were used for the test. On
each metallographic section, hardness measurements were
conducted along three lines extending from the weld surface to the
base material. The spacing between individual indentations was set
to three times the diagonal length of each indentation. The average
hardness value was determined by calculating the arithmetic of the
three measurements. In the mold assembly, only the steel
components of the fixed and movable parts come into direct contact
during closure. The wear resistance of these components results
from a combination of multiple wear mechanisms, the intensity of
which evolves over the mold’s operational lifespan. Tribological
tests offer partial insight into the wear resistance by evaluating the
relative change in the coefficient of friction of the hardfacing layers.
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In this paper, a Pin-on-disk tribological test was performed using a
combination of hardfacing layers and a steel ball. The tests were
carried out with the MFT-5000 multifunctional tribometer (Rtec
Instruments, San Jose, CA, USA), employing a 5.0 mm diameter
GCr15 steel ball. The sample surfaces were polished using DiaDuo-
2 polishing solution with a particle size of 0.5 um (Struers). GCrl5
is a bearing steel classified as grade 52.100, conforming to ASTM
A295/A295M-2014 — Standard Specification for High-Carbon
Anti-Friction Bearing Steel. The test parameters were as follows:
rotational speed of 350 rpm, applied load of 4.9 N, ambient
temperature of 20 + 2 °C, and a test duration of 30 min.

3. Experimental stand of work

Metallographic analyses of the hardfaced layers are presented in
Figures 3-9. For the HSS 23 and HSS 30 layers, cracks were
observed within the hardfaced material, typically appearing at the
interface between the hardface and the base material. In contrast,
the DEW Nibasit 625-P layer exhibited no microscopically visible
defects. This suggests that the fusion zone—particularly the region
beneath the hardfaced layer—is a common origin of such defects.
Globular pores were also observed within the metallographic cross-
sections. The transition between the hardfaced layer and the base
material appeared sharp, with no significant evidence of material
mixing, as further confirmed by surface EDX analysis (Fig. 3).
Fig.3 illustrates the microstructure of the HSS 23 hardfacing layer,
which consists of tempered martensite with finely and uniformly
distributed carbide phases. The formation of these carbides is
attributed to the presence of strong carbide-forming elements such
as chromium (Cr), molybdenum (Mo), vanadium (V), and tungsten
(W). The microstructure also shows clearly defined grain
boundaries and distinct grain sizes.

Fig. 4 depicts a minimal mixing zone between the HSS 30 weld
metal and the base material, which is supported by EDX line scan
analysis. The spacing between secondary dendrite arms is
influenced by the cooling rate during solidification. The
microstructure of the powder particles contains martensite, retained
austenite, and evenly dispersed fine carbides. Martensitic laths are
visible within the darker grains, while a lighter phase is seen
segregating along the grain boundaries.

.

HSS 23
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Fig. 3. Energy-dispersive X-ray spectroscopy (EDX) line analysis
of the transition region between hardface HSS 23 and base
material.
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Fig 4. EDX line analysis of the transition region between hardface
HSS 30 and base material.
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Fig. 5 EDX line analysis of the transition region between hardface
DEW Nibasit 625-P and base material.

From Fig. 5, it is apparent that the transition between hardface
structure and base material is smooth. No “cold joints” are observed
on the melting borderline of the base material. The presence of
pores, eventually inclusions that were not detected, was seen on the
metallographic sections. The microstructure of the alloy is
dendritic-like, with a cubic face-centered structure and no phase
transitions in the solid state. The strength properties of the
hardfacing layers DEW Nibasit 625-P are increased by carbon,
chromium, and molybdenum. The high strength is achieved by solid
solution hardening (Mo and Nb) and by precipitation hardening,
which is mainly derived from the metastable y” phase
(Ni3(Nb,AlLTi)).

In Fig. 6, the mixing zone (1) lacks the eutectic phase typically
found at grain boundaries, though this phase appears higher within
the hardfacing layer. Isolated pores are also visible in the weld (2).
The images provide detailed macro- and microstructural views of
the HSS 30 hardfacing layer captured via electron microscopy. The
image also shows the interface between the hardfacing layer and the
base material in the central region of the hardfaced area. The
metallurgical bond is defect-free, with a thin mixing zone marked
by arrows. Fig. 7 presents a close-up of the mixing zone, which is
free of defects. However, a greater number of pores are visible in
the hardfacing layer beyond the mixing zone. Martensitic laths are
seen within the grains, and a eutectic phase with a lower melting
point is present along grain boundaries. Fig. 8 shows a distinct
interface between the hardfacing layer and the base material. The
material connection is continuous and without visible defects. The
image also includes the transition area between the DEW Nibasit
625-P hardfacing layer and the base material. No internal defects or
cracks were observed at the melting line of the base material.
Although pores were present in the hardfacing layer, their number
remained within acceptable limits for this type of material. Fig. 9
displays the transition line between the first and second hardfacing
layers, with a clearly defined solidification direction in the hardface
metal. The enlarged microstructure in the image reveals a dendritic
pattern with numerous micropores up to 2 pm in size. Since 98% of
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the pores in the hardfaced layers are typically exogenous, the pores
observed here are assumed to be of the same origin. In addition to
these reference images, EDX maps provide a detailed overview of
the distribution of individual chemical elements at the interface
between the hardfacing layers and the base material.

HSS 23

Fig. 6 a) Hardfacing layer HSS 23 with base material (scanning
electron microscopy (SEM)). b) Remelting zone: mixing of HSS 30
hardfacing metal with base material (SEM).

a
Fig. 7 a) HSS 30 hardfacing layer on base material: the visible
martensitic structure and absence of the eutectic phase in the mixing
zone (SEM). b) Detail of the hardfacing microstructure of HSS 30

(SEM).

(©)

Fig. 8 a) Remelting zone: mixing of DEW Nibasit 625-P hardfacing
metal with base material (SEM). b) DEW Nibasit 625-P hardfacing
layer on base material (SEM).

Fig. 9 a) Detail of the dendritic structure of the DEW Nibasit 625-P
hardfacing layer (SEM). b) DEW Nibasit 625-P hardfacing layer: a
view of columnar dendritic formations due to rapid cooling of a
large amount of mold powder (SEM).

The EDX maps shown in Fig.10 confirm the distribution of
individual chemical elements within the materials. As the DEW
Nibasit 625-P hardfacing layer is nickel-based, a high concentration
of Ni is observed in the hardfaced region, while Fe is predominantly
present in the base material. Additionally, elevated levels of Cr, Mo,
Mn, and Nb are detected in the hardfacing layer. Notably, Nb is
primarily concentrated within the interdendritic regions of the
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hardface. Some EDX analyses of different parts of the interface
between substrate and layer are presented next. The results of the
analyses are semi-quantitative. Fig. 11 shows the results of the HSS
23 hardface analysis.

Fe Kal

Si Kal V Kal

SOpm

Fig. 10 EDX map of the DEW Nibasit 625-P hardfacing layer on
the base material and color-coded chemical elements (Fe, Ni, Cr,
Mo, Mn, Nb, Si, and V) in the materials (SEM).
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Fig. 11 The HSS 23 hardfacing layer on base material with marked
areas of analysis (SEM).

The EDX analysis indicates material mixing within the
melting zone, as demonstrated by the presence of elements such as
V, Mo, W, and Cr. Their concentrations in this zone are lower than
in the hardfacing layer but higher than in the base material,
confirming the mixing effect (spectrum 10). Fig. 12 presents the
results of the analysis conducted on the HSS 30 hardfacing layer.
Material mixing in the melting zone is also confirmed by the
intermediate concentrations of W, V, and Mo—elements whose
levels fall between those found in the base material and the
hardfacing layer. Fig. 13 presents the analysis results for the DEW
Nibasit 625-P hardfacing layer.

Spectrum 14

04 01
Si 04 01
Ly Spectrum 13
Wt o
Fe 0 04

Mn
Si 0.4 0.1
lpr Spectrum 12

Wt o
Fe 915 0.2
Cr 5.1 01
Mo 1.4 0.1
si 11 01
A 04
Mn 0.5 0.1

S0um

Fig. 12 The HSS 30 hardfacing layer on base material with marked
areas of analysis (SEM).
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Fig. 13 The DEW Nibasit 625-P hardfacing layer on the base
material with marked areas of analysis (SEM).

The contents of Cr and Mo increase progressively from the base
material toward the hardfacing layer. A noticeable difference was
also observed in the concentrations of Ni, Cr, Mo, and Nb between
the first and second (cover) layers of the hardface, with higher
levels detected in the cover layer. Conversely, the Fe content
decreases toward the outer hardfacing layer, indicating material
mixing not only between the base material and the hardface but also
between the two hardfacing layers. Based on the test results, a graph
was generated (Fig. 14) showing the hardness distribution of the
individual hardfacing layers as a function of the distance from the
surface. The hardness of HSS 23 and HSS 30 hardfacing layers
ranged from 650 to 850 HV 0.5. The materially different hardfacing
layer DEW Nibasit 625-P reached the base material hardness level,
i.e., 210-250 HV 0.5. The tribological and wear properties of the
investigated materials are given in Table 5.
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Fig. 14 Hardness comparison of individual hardfaces.
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Table 5: Tribological and wear properties of the investigated
materials.

Tribological Test Results

Experimental Materials | Coefficient of Eriction|  Wear Ratex10°
1| Base Material 0.55 33.96
2| HSS 30 0.53 7.6
3|HSS 23 0.56 14.49
4| Nibasit 625-P 0.35 21.39

At an ambient temperature of 20 = 2 °C, the lowest coefficient
of friction was observed in the DEW Nibasit 625-P hardfacing
layer. In contrast, the layers made with additive HSS 23 exhibited
the highest average friction coefficient. These results reflect the
chemical composition of the hardfaced surfaces and the base
material of the casting die. Notably, carbon content and carbide-
forming elements such as Cr, Mo, W, and V significantly influence
friction behavior. The friction coefficients of HSS 30, HSS 23, and
the base material were nearly identical. DEW Nibasit 625-P, a
nickel-based alloy with an austenitic structure and high plastic
deformability, showed the lowest friction coefficient and hardness
(HV 0.05). Its structure was uniformly distributed, as confirmed by
material analysis. This material also displayed the widest wear track
with minimal depth and the least material loss. On the other hand,
HSS 30 and HSS 23 exhibited higher friction due to their increased
hardness and the presence of hardened structures with carbides. A
different wear mechanism was observed for these materials, where
surface smoothing occurred at the contact zone, and embedded
carbides acted as abrasives.

4. Conclusion

The paper presents the results of research on the quality of
functional layers made from the powder filler materials HSS 23,
HSS 30, and DEW Nibasit 625-P by plasma transferred arc (PTA)
hardfacing technology. Layers were made using the plasma
hardfacing machine PPC 250 R6 on X38CrMoV5-1 base material.
This type of medium alloy steel is used in the production of die-
casting molds for aluminum parts for automotive production. The
hardfacing was made in two layers. The quality of the hardfacing
layers was evaluated using nondestructive and destructive tests.
Surface integrity as well as the occurrence of surface defects were
evaluated using visual testing (VT) according to the standard EN
ISO 17637 and penetration testing (PT) according to the standard
EN 1SO 23277. Surface defects were not detected on the hardfacing
layers. As part of the destructive testing, metallographic sections
were made for observation by light microscopy and electron
microscopy, as well as for the evaluation of the chemical
composition of the surface spectra of selected parts of the samples.
The occurrence of inner defects in the hardfacing layers was
recorded on the cross sections. The defects were classified as rare
pores. EN 12517-1 classifies this type of defect as permissible in
this quantity. After metallographic analysis, the hardness in the
lines passing through the hardface metal into the base material was
evaluated on the sections. The maximum values of the hardness in
the interval 720 HV 0.5-850 HV 0.5 were measured in the covering
layers of the HSS 23 hardface metal, which is in accordance with
their chemical composition and the observed martensitic structure.
The lowest hardness values were measured for DEW Nibasit 625-P
samples (210 HV 0.5-250 HV 0.5). As part of the experiments, the
tribological properties of the newly formed hardfacing layers were
analyzed. The lowest friction coefficient was shown by surfaces
with the DEW Nibasit 625-P layer and the highest values of the
friction coefficient were measured on surfaces with the HSS 23
hardfacing layer. Based on the experiments performed, it can be
stated that the selected energy beam (PTA) technology for the
renovation of the functional surfaces of casting molds is suitable.
As an additional material for the restoration of exposed mold areas,
all investigated additional materials can be used, but due to its low
friction coefficient, it is possible to recommend the nickel-based
additive DEW Nibasit 625-P.
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