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Abstract

The gas-tungsten arc (GTA) welding behaviors of a magnesium matrix composite reinforced with SiC particles were examined in terms of
microstructure characteristics and process efficiencies. This study focused on the effects of the GTAW process parameters (like welding
current in the range of 100/200 A) on the size of the fusion zone (FZ). The analyses revealed the strong influence of the GTA welding
process on the width and depth of the fusion zone and also on the refinement of the microstructure in the fusion zone. Additionally, the
results of dendrite arm size (DAS) measurements were presented.
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1. Introduction most economical [8-11]. The influence of gas tungsten arc
welding on the structure of magnesium alloys has been widely
investigated [12-17]. Recently, the welding technology of
magnesium matrix composite has been the subject of studies
[18-21]. However, these surface-modified processes were used to
fabricate a composite layer on the surface of magnesium alloys. In
the present work, the influence of the gas tungsten arc welding
process on a magnesium matrix composite reinforced with an
SiC, microstructure was investigated.

Magnesium-based metal matrix composites (MMCs) because
of their low density and higher mechanical properties by the
addition of reinforcements are attractive materials in the
aerospace and automobile industries. Ceramic particles (like BN,
SiC, TiC, Al,0;) are the most widely studied reinforcing
materials for magnesium matrix composites, especially for use in
grinding and polishing applications because of the high levels of
hardness, strength and thermal stability. SiC particles compared to
other ceramics are characterized by good wettability and stability .
in magnesium melt [1-6]. Casting methods are the most frequently 2. Experlmental procedures
used routes for the production of particulate reinforced

magnesium-based composites [7]. _ _ The commercial AM50 magnesium alloy fabricated by Hydro
One of the ways to improve the properties of casts is the Magnesium Ltd., with the nominal composition given in Table 1
treatment of the surface using a concentrated heat flux like laser was chosen as the matrix alloy in this study. SiC particles with an

or electron-beam or gas-tungsten arc (GTA) welding, which is the
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average diameter of 50 um with the chemical composition listed
in Table 2 were chosen as the reinforcement.

The experimental composite was fabricated by a casting
method involving introducing 20 vol.% SiC particles to the
molten magnesium alloy under the argon atmosphere and gravity
casting the prepared composite suspension into a metal mould.

Table 1.
Chemical composition of AMS50 alloy according to standard
ASTM B93-94

Chemical composition [wt.%]*)

Alloy Al Mn Zn Si Fe Cu
. . max max max max
AMSO0 - 45:53 02805 1650 005 0004  0.008
K Mg rest
Table 2.

Chemical composition of reinforced particles — SiC according to
manufacturer certificate, 98C no 240

SiC Sl+Si02 A1203+C aO+Mn02 C(graphitc) Fe203

95.90 2.80 0.50 0.42 0.38

The prepared composites were used as the starting material
for the gas-tungsten arc (GTA) welding process. The GTAW
method which was described in [6], was conducted by using a
Falting 315 AC/DC instrument. In accordance with the DIN
Standard a set of tungsten electrodes with a diameter of 2.4 mm
was used. As the shielding gas helium with a flow rate of 20 /min
was applied. The GTAW process parameters were as follows:
voltage (U) 12-15 V, current (I) 100 and 200 A, welding speed of
electric arc (v) 13.3 mm/s.

The samples for microstructure examinations were prepared
perpendicular to the direction of welding by standard
metallographic procedures. The specimens were etched in a
solution of 1% nitric acid in alcohol. Microstructural
examinations of the fabricated composites after the GTA welding
process were carried out by means of light microscopy (LM) —
Axiovert 25 (Carl-Zeiss Jena) and a scanning electron microscope
(SEM) — Phenom ProX (Phenom-World). In order to determine
the influence of the GTAW process on microstructure changes,
the dendrite arm size (DAS) of the base material and the fusion
zone was obtained using the linear method as a quotient of the
mean distance between the dendrite cross-section centers by the
numbers of arms. Results were obtained from about 50
measurements for each sample.

3. Results

Fig 1 shows a typical as-cast microstructure of the fabricated
AMS50-SiC, composite which is characterized by uniform
distribution of the SiC particles within the matrix. The matrix has

www.czasopisma.pan.pl P N www.journals.pan.pl

a dendritic structure typical for magnesium alloys, which is
comprised mainly of an a solid solution of the alloying elements
in magnesium and divorced eutectic oty in the interdentritic
spaces (where y is the Mg;;Al;, intermetallic compound).
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Fig. 1. Microstructure of as-cast AM50-SiC, composite
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The values of the depth and width of the fusion zone obtained
using different welding current are presented in Table 3. As might
be expected, raising the welding current causes changes in fusion
zone geometry. When the welding current is raised from 100 A to
200 A. Both the depth and the width of the fusion zone increase.

Table 3.
Applied GTAW parameters with obtained results of width and
depth of FZ

Welding Welding Width of FZ Depth of FZ
current, speed, [mm] [mm]
1[A] v [mm/s]
100 133 5.78 1.11
200 133 9.92 2.58

The microstructure of the composite after the gas-tungsten arc
welding process is presented in Fig. 2. The fusion zone is clearly
visible. It should be noted that the GTAW process did not have an
influence on the silicon carbide particle distribution. The
reinforced particles were uniformly distributed within the matrix
alloy (in the fusion zone). No sedimentation or flotation
phenomena were observed. As should be expected, significant
refinement of the matrix microstructure in the fusion zone was
obtained. For the base materials the DAS parameter was equal to
90.95433, whereas for the fusion zone it was only 8.85+4 (at a
welding current of 200 A) and 8.56+4 (at a welding current of
100 A). It is well known that the DAS parameter depends on the
solidification conditions, especially the cooling rate. In the
presented cases, the differences in the cooling rate between the
used GTAW parameters were too small to exert an influence on
DAS.
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Fig. 2. Microstructure of AM50-SiC, composite after GTAW at
100 A current and 13.3 mm/s welding speed

Figs. 3 and 4 show SEM images of the investigated materials. . # N
No changes in the morphology of the boundary between the _._._._| — > 1000x ' 10KV - Image
components after the GTAW process were observed. In Figure 4, 80 um q] 268 pm BSD Full
detailed microphotographs of the microstructure changes in the
area from the fusion zone to the base material are presented. It (c)
should be noted that no damage of the reinforcing material that
could result from exposure to high temperatures during the
GTAW process or the conditions of rapid cooling (thermal shock)
was observed either.

£ 1000x ld‘kv - Imagqg
80 um 4] 268 um BSD Full
Fig. 4. Microstructure of fusion zone (a), boundary of fusion zone
(b) and base material (c) after GTA welding of AMS50-SiC,
composite at 13.3 mm/s welding speed and 200 A current, SEM

Fig. 3. Separation boundary between the particle and the matrix
in fusion zone after GTA welding of AM50-SiC,, composite at
13.3 mm/s welding speed and 200 A current, SEM
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4. Summary

The presented results indicate the feasibility of using the
GTAW process to modify the surface layer structure of the metal-
ceramic particle composite which causes refinement of the matrix
structure. No unfavorable influence of the GTAW process on the
distribution, size or morphology of the reinforcement particles or
on the boundary between the components was observed.
Furthermore, no damage of the SiC particles that could result
from exposure to high temperatures during the GTAW process or
the conditions of rapid cooling (thermal shock) was observed.

References

[1] Hai, Z.Y. & Xing, Y.L. (2004). Review of recent studies
studies in magnesium matrix composites. Journal of
Material Science 39, 6153+6171.

[2] Dieringa, H. (2013). Applications: magnesium-based metal
matrix composites (MMCs). Fundamentals of magnesium
alloy metallurgy (317+341). UK: Woodhead Publishing
Limited.

[3] Braszczynska, K.N., Litynska, L., Zyska, A. & Baliga, W.
(2003). TEM analyses of the interfaces between components
in magnesium matrix composites reinforced with SiC
particles, Materials Chemistry&Physics 81, 326+328.

[4] Zhou, S., Deng, K., Li, J., Shang, S., Liang, W. & Fan, J.
(2014). Effects of volume ratio on the microstructure and
mechanical properties of particle reinforced magnesium
matrix composite. Materials and Design 63, 672+677.

[5] Braszezynska, K.N., Zyska, A. & Braszczynski, J. (2003).
Selection of the matrix composition in designing composites
on the magnesium matrix alloys reinforced with SiC
particles, Composites 3, 8, 353+359 (in Polish).

[6] Bochenek, A. & Braszczynska, K.N. (2000). Structural
analysis of the MgAl5 Matrix — SiC particles cast
composites, Materials Science and Engineering A290,
122+127.

[7] Fan, J., Zhang, H., Dong, H., Xu, B., Zhang, Z. & Shi, L.
(2014). Effects of processing technologies on mechanical
properties of SiC particulate reinforced magnesium matrix
composites. Journal of Wuhan University of Technology-
Mater. Sci. Ed. 29, 769+772.

[8] Ortowicz, A.W., Trytek, A., Opickun, Z. & Mroz, M. (2004).
Formation the fusion geometry on Al-8%Fe alloy castings
with arc plasma. Archiwum Odlewnictwa, 4, 11/2, 53+58. (in
Polish).

[9] Ortowicz, A.W. & Mrdz. M. (2004). The effect of the arc
welding process on the fusion surface layer on C355 alloy
casting. Archiwum Odlewnictwa. 4, 11/2, 65+70. (in Polish).

www.czasopisma.pan.pl P N www.journals.pan.pl

[10] Ortowicz, A.W. & Mroz, M. (2004). The effect of the
amount of the heat input on the structure surface fused
castings of on C355. Archiwum Odlewnictwa. 4, 11/2, 59+64.
(in Polish).

[11] Mro6z, M., Ortowicz, A.W. & Tupaj, M. (2013). Geometry of
remeltings and efficiency of the surface remelting process
applied to cobalt alloy castings. Archives of Foundry
Engineering. 13, 2, 95+98.

[12] Padmanaban, G., Balasubramanian, V. & Sarin Sundar, J.K.
(2010). Influences of welding processes on microstructure,
hardness, and tensile properties of AZ31B magnesium alloy.
Journal of Materials Engineering and Performance 19,
155+165.

[13] Braszczynska-Malik, K.N. & Mroz, M. (2011). Gas-tungsten
arc welding of AZ91 magnesium alloy. Journal of Alloys and
Compounds 509, 9951+9958.

[14] Strzelecka, M., Iwaszko, J., Malik, M., Tomczynski, S.
(2015). Surface modification of the AZ91 magnesium alloy.
Archives of Civil and Mechanical Engineering. DOI:
10.1016/j.acme.2015.03.004.

[15] Szafarska, M., Iwaszko, J., Kudla, K. & Legowik, 1. (2013).
Utilisation of high-energy heat sources in magnesium alloy
surface layer treatment. Archives of Metallurgy and
Materials. 58, 619+624.

[16] Jun, S. & Nan, X. (2012). Effect of preheat on TIG welding
of AZ61 magnesium alloy. International Journal of
Minerals, Metallurgy and Materials 19, 360+363.

[17] Razal Rose, A., Manisekar, K., Balasubramanian, V. &
Rajakumar, S. (2012) Prediction and optimization of pulsed
current tungsten inert gas welding parameters to attain
maximum tensile strength in AZ61A magnesium alloy.
Materials and Design 37, 334+348.

[18] Majumdar, J.D., Chandra, B.R., Galun, R., Mordike, B.L. &
Manna, 1. (2003). Laser composite surfacing of a magnesium
alloy with silicon carbide. Composites Science and
Technology 63, 771+778.

[19] Ding, W., Jiang, H., Zeng, X., Li, D. & Yao, S. (2007).
Microstructure and mechanical properties of GTA surface
modified composite layer on magnesium alloy AZ31 with
SiCp. Journal of Alloys and Compounds 429, 233+241.

[20] Zhang, S., Jiang, F. & Ding, W. (2008). Microstructure and
mechanical performance of pulsed current gas tungsten arc
surface engineered composite coatings on Mg alloy
reinforced by SiC,. Materials Science and Engineering
4904, 208+220.

[21] Ding, W., Jiang, H., Zeng, X., Li, D. & Yao, S. (2007). The
properties of gas tungsten arc deposited SiCp and Al surface
coating on magnesium alloy AZ31. Materials Letters 61,
496+501.

68 ARCHIVES of FOUNDRY ENGINEERING Volume 15, Issue 4/2015, 65-68



	Abstract
	2. Experimental procedures


