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This study focuses on surface treatment of aluminium alloys by High Speed Steel (HSS30) via Plasma
Transferred Arc. The main motivation of this research has been an assignment of local company in order
to prolong the lifetime of a tire press molds, especially the interface of its segments. These segmented
molds are made from aluminium alloy and their interface is exposed to multiple percussions, which leads
to cracks. Therefore, PTA sutfacing is considered as a suitable surface treatment for hardening its inter-
face, yet benefit from lightweight of aluminium matrix. For purposes of this research AlSi9CuNiMn alloy
was used as a matrix metal. Permeation in the contact zone was examined via confocal and scanning
electron microscope. Hardness of affected matrix atea was measured by using Vickers Hardness Tester.
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place during conducting these experiment, mathemat-
icall models are being used in order to better un-
derstanding. These models consist of plasma stream
described via Navier-Stokes equations for conserva-
tion of mass and momentum [15]. This model is based
on magnetohydrodynamic aproximations with prem-
ise of laminar stream and thermodynamic equilibrium.

1 Introduction

Surface treamtment dealing with prolonging ma-
chineparts lifetime is nowadays a very rapidly evolving
field of interest [1]. The methods used for surface
treatment are around 1000 [2]. The most common
metal reinforcement is the nickel-based layer depos-
ited upon steel substrate via PTA [3, 4], laser deposi-
tion [5, 6] or comparison of both the above [7].

The key motivation for this research was given by
the production problem of the local company and the J»

demands from the industry for durability protective plasma gas (Ar)—__||
layers on the surface of the aluminum mold for the cathode (W) —-+
production of tires.

o . . cooling water
Aluminium based alloys are widely used materials

. . . <hi > { R \ /
for production due to their properties. components shiclding gas (N)

for the needs of the automotive and aerospace in- powder feed

dustries [8, 9]. The current trend in the automotive
industry is the use of Al-Si-based suprautectic alloys to

produce engine blocks and cylinders for combustion coating

cylinders engines [10,11]. Among their main disadva- S

ntages in the casting process include the formation of

crops, segregation of silicon particles and coarse eu- Fig. 1 Plasma Transferred Arc method principle
tectic structure [12].

The PTA surfacing method is vety novel approach
for surface treatment with number of possible combi-
nation of materials and parameters and therefore sui-
table for further exploration. For purposes of this re-
search, surfacing of aluminium based alloys via high
speed steel reinforcement, has been investigated. This

2 Material and methods

The PTA surfacing is a physical method used for
surface treatment since 1980’s [13, 14]. This method is
based on metal powder being melting by plasma arc

and its deposition upon base material surface in the
form of drops (see Fig. 1).
Due to the very complicated mechanisms taking

material combination presents new challenges of
choosing suitable parameters and creating durable and
merged interface of both materials.
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3 Prepared samples

Each sample was prepared under different param-
eters of PTA surfacing (see Tab. 1.). In order to ex-
plore the effect of chemical composition upon

Tab. 1 Materials and parameters used for sample preparation

itermetallics phases, matrix composition was also dif-
fered (also Tab.1.). The different chemical composi-
tion of matrix was used in order to explore its effect
on creation of different intermetallic phases and their
effect on both materials interface merge.

Sample substrate IH [A] | ILI[A] Fre&;;jncy E’ nﬁ;“;"‘l’]“ Powder feed []
1 AISi9CuNiMn (0.5% Mn) | 170 55 28.7 22 9
2 AISI9CuNiMn (1% Mn) | 170 55 28.7 22 9
3 AISi9CuNiMn (1.5% Mn) | 170 55 28.7 22 9
4 AISi9CuNiMn (2% Mn) | 170 55 28.7 22 9
5 AISi9CuNiMn 180 55 200 10 10
6 AISi9CuNiMn 212 55 200 16 10
7 AISi9CuNiMn 90 45 200 5 8

R

Fig. 2 Prepared sample used for further examination (Sample
7)

Prepared samples (see Fig. 2) were section cut, me-
tallogpraphic samples were made and subjected to
further analysis.

4 Microhardness

Tab. 2 Microhardness of prepared samples

Sam- HV1 HV0.05 HV0.025
ple (HSS30 | (recrystal- | (base mate-
weld) ized area) rial)
1 814 70 52
2 818 71 53
3 827 73 56
4 831 79 58
5 844 109 73
6 920 116 71
7 863 85 73

All af the samples were subjected to microhardness
analysis in order to examine the potential incoherence
in cut section of the samples. Each sample was cut in
the in the direction of welding and also perpendicu-
larly to this direction. On each of these samples was
conducted 10 measurements in three main areas (weld,
recrystalized area and base material). The averages of
all these measured data are presented in Tab. 2. This
analysis was conducted via SHIMADZU HMV Micro
Hardness Tester.

5 Confocal microscopy

Microstructure of all samples was examined by
using Laser Confocal Microscope Olympus OLS
5000. This analysis revealed microstructure of the wel-
ded surface, merged interface of both materials and
depth of recrystalized area. Due to the huge amount
of energy given to the system cause the base material
to melt and weld material to immerse into the recrys-
tallization area (Fig. 3).

[
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Fig. 3 Merge interface of both materials (Sample 6 — cut
section in the direction of welding)

Other important aspect of this analysis was to
identify the level of merge of both materials. Some
samples revealed a very porous interface, usually in the
cut section perpendicular to the direction of welding
(see Fig. 4).
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section in the perpendicullar direction to welding)

Also recrystalization area depth was measured. The
recrystalized layer was identified by subtle grain
structure compared to the rest of the base material (see
Fig. 5). Each sample has benn subjected to ten mea-
surements, the highest and the lowest values are pre-
sented in Tab. 3.
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Fig. 5 Recrystalization area depth measnrements (Sample 7)

Tab. 3 Recrystalized area depth measurements

sumple | Rezmased s dp
1 1.02 - 1.64
2 1.36 — 2.67
3 1.94 — 2.36
4 1.64 —2.78
5 2.01 -2.32
6 1.54 - 291
7 1.99 —2.44

6 Scanning electron microscopy

Merge of both materials was examined by using
Scanning Electron Microscope Tescan VEGA 3 with
EDX detector Bruker X-Flash Nano. Picture presen-
ting interface of weld and recrystalized layer is denoted
as Fig. 6 (with highlited material contrast by different
shape for each area by using BSE detector). Elemental
mapping was also examined in the interface of both
materials (see Fig. 7).

Y

SEM HV: 15.0 kV
View fiold: 180 ym | Det:BSE | Sopm
| e mac: 115 10 Datmrary): osriom

Performance in nanospace

Fig. 6 Interface of weld and recrystalized base material
(Sample 7)

Fe-KA
SE MAG: 5263x HV: 16kV WD: 13.6mm

lized base material (Sample 7)

7 Results and discussion

Microhardness of the weld ranges between 814 and
920 HV1 in dependence of used parameters. Micro-
hardness of recrystallized layer valued from 70 to 116
HVO0.05. Microhardness of base material ranges
between 52 and 73 HV0.025. Chemical composition
of the alloy (different amount of Mn) did not have any
significant effect on the microhardness of weld of
recrystallized layer. On the other hand, PTA parame-
ters (especially frequency and plasma current) very sig-
nificantly affected resultant microhardness and also
cohesion of both material within merge area. Cohe-
sion of materials is one of the key challenges within
PTA surfacing upon Al-Si based alloys.

Using inconvenient parameters of PTA method
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lead to porosity within merge area between weld and
base material. Also volume changes during solidifica-
tion process can cause delamination of whole weld.
Thickness of recrystallized layer ranged between 1.02
and 2.44 mm based on chemical composition of base
material and parameters of PT'A surfacing.

Samples showing firm cohesion of weld with base
material revealed a depleted layer between weld and
recrystallized layer with thickness of 10 um by using
Scanning Electron Microscope. Needle-shaped inter-
metallic phases of 3-AlFeSi has grown from this area
towards the base material (recrystallized zone). Also
presence of alloying elements from steel (Chrome and
Vanadium) was identified within this area.

8 Conclusion

Following conclusions can be mentioned based on
conducted experiment:

e Concentration of manganese in AlSiI9CuNiMn
(from 0.5 to 2 wt. %) does not have a significant
effet on interface characteristics of welded
HSS30 and base material due to the extreme
amount of energy input to the system.

e  Coherence of weld and base material strongly de-
pends on used parameters of PTA surfacing. The
use of lower welding currents and speeds seems
the most appropriate.

e  On microstructural level, the presence of needle-
shaped intermetalic phase 3-AlFeSi has a positive
affect on merge of weld and base material.
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