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Abstract: CMT technology provides significant advantages, such as reduced deformation due to high temperatures, high welding speed and 

a significant reduction in spatter compared to the MIG/MAG method. The experimental work was focused on verifying the possibility of 

renovating the surfaces of molds for high-pressure aluminum casting using CMT technology. A mold wear analysis was performed and a 

method of restoring functional surfaces was proposed. Two types of additive materials were used – Thermanit 625 and Thermanit X. The 

quality of the layers was evaluated by SEM, EDX microanalysis and the coefficients of friction of the layers were determined by the Ball-on-

disc method. The renovation layers were also subjected to an immersion test in Al alloy at 680 °C.  
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1. Introduction 

The CMT (Cold Metal Transfer) welding process uses a short-

circuit arc with a droplet release method at a reduced temperature 

compared to conventional MIG/MAG welding. The CMT method is 

the result of long-term research and innovation of the conventional 

MIG/MAG welding method. Currently, it is used for welding 

heterogeneous materials and materials with a thickness of up to 1.5 

mm. This technology also makes it possible to minimize the amount 

of heat introduced into the weld area and thus significantly reduce 

the negative effect of internal stresses, structural changes, and 

deformations of welds. An important difference between CMT 

welding and MIG/MAG is the overall digital control of the process. 

With the controller (or automatically) it is possible to control the 

feed of the wire using the feeders. An initial high electrical pulse 

creates an arc between the moving electrode - the additive material 

and the base material [1,2].  

The transfer of metal in an electric arc is included among the 

basic characteristics of the electric arc welding method with a 

melting electrode [2]. The process is dependent on the welding 

parameters, i.e., current, voltage and welding speed. The 

composition of the shielding gas, technology, and Filler material 

also play an important role. Now when a short arc is created, the 

current and voltage are subsequently reduced, and the process takes 

place at very low current values. This results in spatter-free metal 

transfer. The CMT process consists of the following stages (Fig.1): 

arc ignition (a), a subsequent short arc phase, wire ejection using a 

feeder (b), wire inversion (c) and arc ignition again (d). The passage 

of the material takes place in an almost current-free state [3,4].  

 

Figure 1 Stages of the CMT process 

 

The basic parameters of CMT welding are [4]: 

- Feed rate of Filler material 

- Welding current 

- Welding voltage 

- Interval of feed/removal of Filler material 

Among the advantages of this method, we can include the 

possibility of creating smooth surfaces (does not depend on the 

material); flexible method; HAZ in the CMT welding process is 

minimized due to the low heat input; high application speeds using 

one wire (5kg.h-1). Among the disadvantages of this method, we can 

include welding of coarse materials due to low bonding and low 

heating of the material, which causes defects and low leakage, as 

well as a higher price compared to the MIG/MAG method [4,5]. 

 

The high-pressure die casting process is used to produce parts 

mostly from aluminum, magnesium, zinc, and cooper alloys by 

injection of the molten metal in the mold cavity. The mold cavity 

that are used to produce those parts are constantly exposed to highly 

severe conditions, such as high pressure, rapid temperature 

fluctuations and erosion from fast moving molten metal [6]. 

In high-pressure aluminum casting, molten aluminum is 

injected into the mold at a temperature of 670 - 710 °C at a speed of 

30 - 100 m.s-1. These conditions result in wear of the molds and 

significantly reduce the lifetime of the molds. Basic wear 

mechanisms of molds and their functional parts include corrosion, 

soldering, erosive wear, and thermal fatigue [7]. Corrosion and 

soldering are caused by the physical impingement of the incoming 

liquid aluminum. Die corrosion in die casting is characterized by 

the loss of matrix material from the die surface and is a 

metallurgical process. Die soldering can be divided into two 

categories: (1) metallurgical die soldering, which is characterized 

by a high number of forming cycles and high temperature of the die 

surfaces (2) mechanical die soldering, which is characterized by a 

low number of load cycles and high melt pressure. The bonded 

layer is usually the product of the simultaneous action of 

metallurgical and mechanical bonding [8,9]. Thermal fatigue results 

from the change in stress caused by alternate heating and cooling of 

the die surface during the casting process. Under the combined 

effects of these failure mechanisms, the die will crack; fragments 

are broken off the die, necessitating die removal and a consequent 

increase in process costs. One of the major damage mechanisms 

occurring in die casting process, under cyclic thermal loads is the 

formation of a network of interconnected cracks [10].  

The stress cracking, which presents another variant of thermal 

fatigue cracks, was clearly marked in areas exposed to local stress 

concentrations and can lead to crack initiation in a die casting mold. 

Then, these cracks can grow and became, more pronounced driven 

by several factor including thermal fatigue, erosion, oxidation, 

soldering of the molten metal to the die surface, deformation of die 

contact surface and dangerous fracture [11]. The formation of 

thermal fatigue cracks may lead to a loss of surface material as 

small fragments splinter off from the surface. The main cause of 

thermal cracking of die casting dies is high temperature and 

pressure gradients. The main causes of thermal cracking include 

maximum heating temperature and heating / cooling rate, oxidation, 

hardness, and microstructure of the matrix material [12].  

The Fig. 2 shows the degradation mechanism of the mold part - 

the mold insert used for high-pressure aluminum die casting due to 

the repetitive cycles of the casting process. 
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Figure 2 Degradation of the mold part 

 

2. Materials and Methods 

Uddeholm Dievar tool steel was used as the basic material for 

the experiments. This material is mainly used ford molds in high-

pressure casting of light non-ferrous metals and their alloys. It is a 

tool steel alloyed with Cr, Mo, and V. It offers very good resistance 

to heat control, rough cracking, hot wear, and plastic deformation. 

The material excels in good toughness and ductility, has good 

weather resistance, good strength at high temperatures and good 

dimensional stability during the heat treatment and coating process. 

The chemical composition of the material is given in Tab. 1. 

 
Table 1: The chemical composition of Uddeholm Dievar 

     Element       C       Si      Mn      Cr      Mo       V Fe 

   Weight %    0.38     0.2      0.5       5      2.3      0.6 Res. 

        

Experimental work was aimed at verifying the possibility of 

renovating the surfaces of molds for high-pressure aluminum 

casting with CMT technology. The parameters of CMT technology 

are listed in the table 2. 
 

            Table 2: Parameters of CMT process 

Parameters of CMT process 

Current 155 A 

Voltage 15.5 V 

Velocity 6 m.min-1 

Protective atmosphere Ar 4.8 

Corrected arc length 10 % 

Burner mode 2-stroke 

Inter-caterpillar temperature 70 °C 

Current polarity DC+ 

       

An analysis of mold wear was performed and a method of restoring 

functional surfaces was proposed. Two types of Filler materials 

were used - Thermanit 625 and Thermanit X. The diameter of the 

Filler materials was Ø 1.0 mm. 

Thermanit 625 – marking according to the standard EN ISO 

3581-A (E 18 8 Mn B 2 2) is a welding wire made of nickel alloy. 

This material is very resistant to corrosion, heat-resistant at elevated 

temperatures. Suitable for joining and surface treatment of materials 

with the same characteristics.  

Thermanit X – marking according to the standard EN ISO 

18274 - S Ni 6625 (NiCr22Mo9Nb) highly alloyed stainless solid 

wire. It is used for welding or brazing chrome steels, casting, and 

heat-resistant austenitic steels. 

The mechanical properties of the used Filler materials are in 

Tab. 3 

 

 

Table 3: Mechanical properties of additive materials 

 Mechanical properties 

Yield 

strength 

[MPa] 

Tensile 

strength 

[MPa] 

Ductility 

[%] 

Thermanit 625 420 760 30 

Thermanit X 350 600 40 

 

Weld cladding were made on the equipment shown in Fig. 3.: 

     

Figure 3 Equipment for cladding 

 

To determine the quality of the cladding, non-destructive testing 

tests were used, namely visual inspection according to the EN ISO 

13018 standard and capillary test according to the EN ISO 23277 

standard. The Vickers method according to EN ISO 6507-1 was 

used to measure microhardness. The quality of the layers was 

evaluated using SEM, EDX microanalysis, and the friction 

coefficients of the layers were determined by the Ball-on-disc 

method. The renovation layers were also subjected to an Al alloy 

immersion test at 680 °C at 120 and 300 minutes. Fig.4 shows the 

welding process (left) and the appearance of welds (right). 

 

 

Figure 4 Course of cladding (left), samples after welding (right) 

3. Results and discussion  

Information was obtained on the extent (depth) of damage to 

those areas that were in contact with the aluminium melt and those 

parts of the mold surface that were outside the zone of contact with 

the aluminium melt and were mechanically damaged by the moving 

cores. The capillary test confirmed that there were cracks extending 

to a depth of 5 mm on the inserts of the fixed and movable part of 

the mold around the ejectors of the casting from the mold, (Fig.5). 

Several groups of surface and subsurface defects were identified on 

the surfaces of the inserts of the fixed and movable parts of the 

mold by capillary testing. In the places of contact of the moving 

cores with the surface of the inserts there was mainly mechanical 

pressing.  

On the parts of the surface of the inserts that were in contact 

with the aluminium melt there was a discontinuous layer of 

separation agent. 
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Figure 5 Appearance of cracks on the bottom of the mold after the capillary 
test 

 

Columnar and coaxial dendritic microstructures were present in 

the upper and middle part of the layer. The main axes of the 

dendrites were oriented in the direction of the maximum 

temperature gradient during solidification of the weld melt. The 

orientation of the growth dendrites indicates the direction of heat 

dissipation through the base material. The direction of heat flow 

during cooling was perpendicular to the surface of the material and 

as a result directionally oriented dendrites were formed. Good 

metallurgical bonding of the weld metal to the base material was 

confirmed by light and electron microscopy. One Fm3m phase was 

identified in Thermanit 625 material, which corresponds to the 

austenitic phase in steels. In Fig.6 is the structure of the base 

material (left), the transition region (middle) and the weld metal 

(right) of Thermanit 625. 

 

Figure 6 Structure of base material (left), transition area (middle) and weld 

metal of Thermanit 625 (right) 

 

Two phases were identified in Thermanit X material. Majority 

phase same as for Thermanit 625 material. To specify the minor 

phase, the Im3m phase corresponding to the α-Fe phase was used. 

In Fig.7 is the structure of the base material (left), the transition 

region (middle) and the weld metal (right) of Thermanit X. 

 

Figure 7 Structure of base material (left) transition area (middle) and weld 

metal of Thermanit X (right) 

 

When immersed in the melt, both welds reacted with the 

aluminum alloy melt with different intensity. The intense reaction 

of the aluminum melt with Thermanit 625 was in the corners and 

edges of the sample. During 120 and 300 minutes of exposure to 

AlSi8Cu3 aluminum with the alloys present in the welds. 

Chromium, nickel, iron, molybdenum, and niobium were detected 

on the surface of Thermanit 625 weld metal in individual complex 

phases by qualitative elemental EDX microanalysis.  

 

Figure 8 Transverse metallographic cut of the Thermanit 625 after 

immersion test 

The hardness of the Thermanit 625 is shown in Fig.9: 

    

Figure 9 Course of hardness of Thermanit 625 

 

In the case of Thermanit X welds after 120 and 300 minutes of 

exposure in the aluminum alloy melt, a lower intensity of the 

reaction of the AlSi8Cu3 aluminum alloy with the alloys present in 

the welds was observed in the solidified aluminum alloy layer on 

the surface of the welds. The resistance of the Thermanit X weld 

and the base material in molten aluminum was greater than the 

Thermanit 625 weld. 

 

Figure 10 Transverse metallographic cut of the Thermanit X after 

immersion test 

 

The hardness of the Thermanit X is shown in Fig.11: 

    

 

Figure 11 Course of hardness of Thermanit X 

 

Despite the different material composition, the evaluated welds 

reached approximately the same value of the coefficient of friction 

(Tab.4). The lowest value of the coefficient of friction was reached 

by the coating Thermanit 625, which corresponds to its hardness 

value. Thermanit X weld achieved the lowest rate of wear. 
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Table 4: Tribological characteristics of the Thermanit 625 and Thermanit X 

Filler 

material 

Load Fp 

[N] 

Distance 

L [m] 
COF 

                                               

Wear rate x 10-6 W 

[mm3/m.N] 

  

  

Thermanit 

625 

3 500 0.37 18.13 

5 500 0.4 20.4 

10 500 0.38 25.1 

Thermanit X 

3 500 0.47 4.68 

5 500 0.48 7.25 

10 500 0.43 9.54 

 

Different track shapes corresponding to the given load were 

obtained. During contact between the material and the counterpart, 

surface irregularities are first leveled out, followed by surface wear 

of the evaluated material. The amount of wear depends on the 

hardness of both involved tribological pairs as well as on the 

structure of the surface layers of the material. The picture shows the 

stop after the Ball on disc test with a load of 10 N: a) Thermanit 

625, b) Thermanit X 

 

Figure 12 3D AFM images of traces after the Ball-on-disc test: a) 

Thermanit 625, b) Thermanit X 

 

4. Conclusions 

The paper was focused on the use of CMT welding technology 

to restore the shape of parts of molds for high-pressure aluminum 

casting, as well as to increase the technological lifetime of the mold. 

NDT methods (visual and capillary method) were used to identify 

the quality of the cladding. The capillary test confirmed that there 

were cracks extending to a depth of 5 mm on the inserts of the fixed 

and movable part of the mold around the ejectors of the casting 

from the mold. The quality of the layers was evaluated using SEM, 

EDX microanalysis. Columnar and coaxial dendritic 

microstructures were present in the upper and middle part of the 

layer. One Fm3m phase was identified in Thermanit 625 material, 

which corresponds to the austenitic phase in steels. Two phases 

were identified in Thermanit X material. Majority phase same as for 

Thermanit 625 material. To specify the minor phase, the Im3m 

phase corresponding to the α-Fe phase. The resistance of the 

Thermanit X weld and the base material in molten aluminum was 

greater than the Thermanit 625 weld. Despite the different material 

composition, the evaluated welds reached approximately the same 

value of the coefficient of friction. The lowest value of the 

coefficient of friction was reached by the Thermanit 625, which 

corresponds to its hardness value. Different track shapes 

corresponding to the given load were obtained. The lowest rate of 

wear was achieved by Thermanit X compared to Thermanit 625. 
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