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MICROSTRUCTURAL AND MECHANICAL STUDY OF INCONEL 625 – TUNGSTEN CARBIDE COMPOSITE COATINGS OBTAINED 
BY POWDER LASER CLADDING

This study focuses on the investigation of fine (~0.54 μm) tungsten carbide particles effect on structural and mechanical proper-
ties of laser cladded Inconel 625-WC composite. Three powder mixtures with different Inconel 625 – WC weight ratio (10, 20 and 
30 weight % of WC) were prepared. Coatings were made using following process parameters: laser beam diameter ø ≈ 500 μm, 
powder feeder rotation speed – 7 m/min, scanning velocity – 10 m/min, laser power – 220 W changed to 320 W, distance between 
tracks – 1 mm changed to 0.8 mm. Microstructure and hardness were investigated. Coatings produced by laser cladding were crack 
and pore free, chemically and structurally homogenous. High cooling rate during cladding process resulted in fine microstructure 
of material. Hardness improved with addition of WC from 396.3 ±10.5 HV for pure Inconel 625, to 469.9 ±24.9 HV for 30 weight 
% of WC. Tungsten carbide dissolved in Inconel 625 which allowed formation of intergranular eutectic that contains TCP phases.
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1. Introduction

Nickel-based superalloys such as Inconel 625 are widely 
used as material for high temperature applications because of 
their resistance to thermally and chemically aggressive envi-
ronment: especially as heat exchangers, in aerospace industry, 
chemical industry, power generation plants, turbines etc. [1]. 
Originally, superalloys were used in gas turbines as a material 
that could replace previously used steels. Because of the spe-
cific properties of nickel, such as high toughness and ductility, 
it was the metal of choice for the base of alloys [17]. Due to the 
chemical composition and specific properties of Inconel 625 
(Table 1), such as its ability to retain high mechanical strength, 
very good wear and oxidation resistance in high temperatures 
(up to ≈ 650°C), it is widely used in both energy and aerospace 
industry as a material for machine elements [2,18]. Despite good 
mechanical properties of pure Inconel 625 alloy, it is desired to 
improve its wear resistance in order to prolong service life of 
machine parts which are partially damaged during work. The 
economic aspect is an important factor in present world, where 
even a small improvement supported by the possibility of reduc-
ing costs is valuable. Improving mechanical properties of Inconel 
625 material could reduce the demand of resources needed to 
produce both energy and mechanical parts. 

Improving mechanical properties of materials by produc-
ing protective coatings are cost – efficient methods that lead to 
better hardness and wear resistance with relatively low cost. 
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Some recently developed techniques can be used to combine 
2 solid substrates into another material with better properties. 
Tungsten arc alloying of niobium aluminide coating which is 
resistant to oxidation in high temperatures quite recently de-
veloped technique [13]. Other materials, such as steel can have 
its properties improved by initiating reaction with gas to make 
thin protective layer [14]. Metal Matrix Composites (MMC) are 
materials that combine properties of metal matrix and reinforce-
ment material. Metals characterised by plasticity and weldability 
can be modified by means of the addition of mostly ceramic 
or polymer particles. Because of good wettability of carbides, 
nickel based superalloys are extremely potent as matrix material. 
Tungsten carbide combines typical ceramic properties such as 
high hardness and wear resistance [3]. Inconel 625-WC MMC 
materials were investigated here. The main aim behind using 
Inconel 625-WC composite is to achieve optimal mechanical and 
corrosion resistant performance. In order to improve wear resist-

TABLE 1
Typical properties of Inconel 625 [20]

INCONEL 625
Property Value
Density 8,44 g/cm3

Melting Point 1350°C
Coeffi cient of thermal expansion 12,8 μm/m°C (20-100°C)

Rigidity modulus 79 kN/mm2

Elasticity modulus 205,8 kN/mm2
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ance various hardfacing techniques, such as plasma spraying, 
thermal spraying, pulsed plasma arc deposition or arc welding 
were proposed [4,5]. Previously mentioned conventional meth-
ods have their disadvantages. The main problem is the porosity 
of deposited layers and bonding between coating and substrate 
surface. The other problem involves high temperature during 
deposition process. Because of WC low free formation enthalpy 
of 38.5 kJ/mol it dissolves easily in Inconel 625 [3,4]. 

Recent years showed a considerable rise of interest in rapid 
prototyping as the common method to obtain 2D and 3D objects 
from broad spectrum of materials. Variety of techniques allows 
producing large amount of different shape, from complicated 
objects to protective coatings. Some research were focused 
on producing mechanically resistant coatings by reaction of 
substrate surface with feeded material [15]. Laser cladding is 
an universal additive manufacturing technique that allows to 
produce geometrically complicated machine elements of high 
quality or coatings [6,19]. This technique developed greatly 
during the last fifteen years allowing to avoid disadvantages 
of conventional methods. Choosing optimal parameters of 
laser cladding process leads to greater control of final proper-
ties. Changing process parameters allows to design a material 
that is able to meet strict requirements [20]. In laser cladding, 
previously prepared material, in form of powder or wire, is 
applied directly under the laser beam. Because of high energy 
density, the material rapidly melts in form of elliptical melt 
pool. As the laser beam moves forward, material crystallises 
and welds by diffusion to substrate surface. The properly de-
posited material is homogenous, crack-free with good bonding 
to substrate [20,21].

2. Experimental 

2.1. Samples preparation

Commercially produced powders of cast Inconel 625 (Ta-
ble 2) – average grain size of 104 μm, angular shape, and tungsten 
carbide – average grain size of 0.54 μm, were mixed together. 
Three different Inconel 625-WC wt % proportions were prepared: 
10, 20 and 30 wt % of WC. In order to homogenize 100 g of 
each powder mixture, they were put inside milling chamber with 
100 g of cemented carbides grinding balls – weight ratio 1:1 and 
100 ml of isopropyl alcohol. Additionally 0,025 g of resin were 
added to improve WC powder adhesion to Inconel 625. Powders 
were homogenized for 90 minutes in ball mill. Total number of 
3 different powder mixtures and pure Inconel 625, as reference 
material, were prepared for further processing. 

Material used as substrate surface for laser cladding was 

previously prepared Inconel 625 overlays obtained by the 
Cold Metal Transfer (CMT) technique adapted and described 
in detail by Kusiński [7]. It was chosen because of the similar 
chemical composition of used Inconel 625 powder. In used CMT 
technique, Inconel 625 coating was deposited on rotating steel 
16Mo3 pipe (inner diameter ø = 80 mm, steel thickness = 5 mm) 
by applying electrical current I = 200 A and voltage V = 20 V, 
to Inconel 625 wire in argon atmosphere. Obtained Inconel 
625 coating had thickness about 2.5 mm. After CMT process, 
pipe was partially polished to provide flat surfaces. Then it was 
cut into rings and further into rectangular pieces of side length 
a ≈ 20 mm. The prepared pieces were cleaned in ultrasonic clean-
er in isopropanol to remove grease and pollution from surface.

The prepared powders were put inside powder feeder 
connected to laser head. Laser cladding, using JK2000FL ytter-
bium dopped wire fibre laser with wavelength of 1063 nm, was 
performed on previously prepared Inconel 625 pieces. During 
laser cladding process, powders were transported by argon, 
from powder feeder to the nozzles in laser cladding head. Then 
powders were dusted directly on the substrate surface. Because 
of high energy density of laser beam, powders melted instantane-
ously which resulted in appearance of melt pool. As the process 
progressed and laser cladding head moved forward, deposited 
material solidified while became welded to the substrate surface. 
Schematic illustration of the process is shown in Fig. 1. 

Fig. 1. Schematic illustration of laser cladding process

The following process parameters were used. Laser beam 
diameter ø ≈ 500 μm. Initial process parameters: laser power – 
220 W, distance between the centre of the tracks – 1 mm, were 

TABLE 2

Chemical composition of Inconel 625 in weight % [20]

Ni Cr Mo Nb Fe C Mn Si P S Al Ti Co Ta Cu
Min 
58.0

20.0-
23.0

8.0-
10.0

3.15-
4.15

Max 
5.0

Max 
0.1

Max 
0.5

Max 
0.5

Max 
0.015

Max 
0.015

Max 
0.4

Max 
0.4

Max 
1.0

Max 
0.05

Max 
0.5
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changed to: laser power – 320 W, distance between centre of the 
tracks – 0.8 mm, in order to produce homogenous, crack-free 
coating. Powder feeder rotation speed was set to 7 m/min and 
traverse speed was set to 10 m/min. Coatings were deposited 
by making 10 parallel tracks (length 10 mm). The total amount 
of 6 sublayers in one track were made on each sample. Surface 
of coatings was remelted by defocused laser beam in order to 
reduce roughness. Effects were observed using light microscopy. 
Total number of 6 different types of samples were prepared after 
adjusting process parameters (Table 3). Temperature of melt pool 
during laser action was reaching maximum of about 1750°C.

TABLE 3

Types of prepared samples

Sample 
type WC [wt %] Laser Power 

[W]
Distance between 

tracks [mm]
Reference — 320 0.8

IW1 10 220 1
IW2 10 220 0.8
IW3 10 320 0.8
IW4 20 320 0.8
IW5 30 320 0.8

2.2. Methods

All of the samples were cut parallelly and perpendicularly 
to track. After polishing, cross-sections were electrochemically 
etched in 10% CrO3 water solution. The hardness tests were per-
formed on samples using Future-Tech FM-700 Hardness tester 
with Vickers indenter. Samples were tested under load of 200 
g for 15 seconds. Total number of measurements are different 
for each sample because of slightly different thickness of coat-
ings. Additionally, nanohardness test was performed on samples 
containing 30 wt. % of WC in order to investigate hardness of 
different phases that appeared in the samples, using CSM instru-
ments diamond Berkovich nanoindenter under load of 30 mN. 
Microstructure of samples was examined by Leica DM2500M 
optical microscope and NOVA NANO SEM 200 equipped with 
EDAX EDS analyzer. EDS analysis was performed on samples, 
powders and powder mixtures to confirm elemental composition 
of material and possible impurities. Phase composition of pow-
ders and deposited coatings were investigated by using PANa-
litycal X-ray Diffractor (XRD) and X-pert HighScore software.

3. Results and Discussion

3.1. Powder mixtures preparation

Powders before and after homogenisation were examined 
using SEM. As shown in Fig. 2A, Inconel 625 powder ap-
pears mainly in form of spheres with small number of partially 
deformed grains. Tungsten carbide powder showed tendency 
to agglomerate because of small grain size (Fig. 2B). During 

homogenisation, WC agglomerates were strongly colliding with 
Inconel 625 which resulted in covered Inconel 625 surface. Be-
cause of high intensiveness of homogenisation in rotary vibrating 
mill, some deformations in Inconel 625 particles were observed. 
High plasticity of superalloy, resulted in more angular form 
than before the process (Fig. 2C). Uniform coating of fine WC 
powder can be seen on Inconel 625 surface. The EDS analysis 
confirmed that some of the hard WC grains were mechanically 
injected into the softer Inconel 625 surface. 

Fig. 2. SEM images showing: A – Inconel 625 powder; B – WC powder; 
C, D – Inconel 625 – WC mixture after 90 minutes of homogenisation

3.2. Inconel 625 – WC coatings 

3.2.1. Light microscopy

Fig. 3A showed typical surface of the coating which was 
deposited by us using the laser cladding. The effect of remelting 
that was performed to reduce roughness of surface was observed. 
During laser cladding process, some powder that were fed onto 
the surface rebound from it and scatter in every direction. This 
happens because of high powder velocity after leaving a nozzle. 
When laser beam moves further, that powder landed on a surface 
that was still hot and partially melted into the clad. After cooling 
it appeared as a small bulks that increase roughness of surface. 

As shown in Fig. 3B initial process parameters of laser 
power 220 W and distance between centre of the tracks of 1 mm, 
did not allow to obtain homogenous and crack free coatings. 
The proposed distance between center of the tracks resulted in 
big cracks between them. Tracks geometrical dimensions were 
measured. Average tracks width was 925 μm and thickness was 
1556 μm. The partially melted powder can be observed inside 
these cracks. The surface of coating was not flat. Central area 
of tracks was elevated higher than their side area. Boundary 
between deposited material and substrate showed that Inconel 
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625-WC were embedded into the surface. Examination of 
microstructure inside the tracks shows that it is fine and pore 
and delamination free. Additionally, heat affected zones can be 
observed for each consequent layer.

Fig. 3. Light microscopy images showing effect of process parameter 
change on microstructure: A – surface after remelting; B – 220 W, 1 
mm; C – 320 W, 1 mm; D – 320 W, 0.8 mm

Increasing laser power to 320 W resulted in the decreasing 
of cracks size between tracks as seen on Fig. 3C. Thickness of 
coating was 1544 μm while track width changed to 980 μm. 
Previously observed powder particles inside cracks were melted 
due to increased laser power. Surface of the coating was more flat 
than for a sample prepared with laser power of 220 W. In the case 
of this sample, heat affected zones were more easy to observe. 
Boundary between substrate and coating showed a difference in 
microstructure despite the use of same material.

As seen in Fig. 3D reduction of distance between center of 
the tracks from 1 mm to 0.8 mm allowed to obtain completely 
crack and pore-free coating. Thickness of tracks was 1919 μm 
and width was 830 μm. Microstructure of deposited material was 
homogenous and uniform. However, some porosity was noticed 
in the surface of the coating near its surface. The roughness of 
the coating surface had no significant cavities. The observation 
of microstructure shown that the heat affected zones were visible 
for each layer of material. 

The examination of the process parameter adjustment ef-
fect showed that uniform and crack-free coating can be obtained 
while tracks are overlapping each other. This prevents formation 
of cracks which could be dangerous because of increased risk of 
corrosion which is the main reason for producing such layers. 
Reduction of distance between center of tracks and increasing 
laser power density allowed to obtain dense material with fine 
structure. Further modifications of the process, such as overlap-
ping tracks and/or changing traverse speed of laser beam, are 
to be investigated. 

The examination of cross-section (perpendicular to tracks) 
of a representative Inconel 625 – 30 wt % WC sample (Fig. 4) 

showed that microstructures of coating were different depend-
ing on the distance from surface. Fig. 4A showed perpendicular 
cross-section of whole Inconel 625 – WC coating. Evolution 
of microstructure during deposition of layers can be seen. Heat 
affected zones were clearly observed. It showed how laser beam 
affected the deposited material. Interface area between coating 
and substrate was affected by heating, mostly during deposition 
of initial layers. As more layers were deposited, material was 
heated for a longer time which resulted in coarser dendrites. 
The near-surface areas were exposed for heat treatment for 
the longest time. Remelting which was performed to reduce 
roughness of surface, affected microstructure of the material. 
Largest grains appeared and a small number of vertically co-
lumnar dendrites was observed. Height of coating was about 
1 mm for this sample.

Fig. 4. Light Microscopy images showing Laser Cladded coating 
microstructure after etching in perpendicular to tracks cross section

Fig. 4B shows the area closest to surface of the coating. 
Fine structure of Inconel 625-WC composite was observed. 
Typical equiaxed dendrite sizes vary between 4 to 6 μm. In the 
deeper areas of the coating, appearance of columnar dendrites 
in vertical direction was observed. The vertical crystal growth 
was the result of temperature gradient in the direction of surface 
during laser cladding process [8].

As shown in Fig. 4C, the microstructure in the area inside 
the coating was different than near the coating surface. Dendrites 
had similar equiaxed shape but were much smaller. Typical 
measured sizes varied between 1 to 2.5 μm. This part of sample 
had no columnar dendrites due to high cooling rate. Growth of 
dendrites were prevented because of very rapid heating during 
deposition of deeper sublayers of coating. Heat affected zones 
can be observed as the meltpool proceed with laser beam.

Fig. 4D showed boundary between the deposited coating 
and substrate. The difference of microstructure is easily observed. 
The laser cladded Inconel 625-WC composite coating had fine 
structure. Grain size was smaller than grains closer to the coat-
ing surface. Typical measured size was under 1 μm. Shape of 
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dendrites were exclusively equiaxed. In comparison, substrate 
material had long vertically columnar structure. Boundary be-
tween two structures showed good bonding. No cracks or pores 
appeared at the boundary [9]. 

Fine dendritic structure observed in Fig. 4, resulted from 
high cooling rate during the laser cladding process. Because of 
high energy density during laser beam interaction with substrate 
and powders, small spot was heated to a very high temperature. 
Due to good thermal conductivity of Inconel 625 above 600°C 
– 21.3 W/m·K [25], heat provided by laser beam was instantly 
distributed around. High cooling rate allowed for rapid solidifica-
tion which prevented growth of grains. This resulted in equiaxed 
shape of most dendrites [6].

3.2.2. SEM and EDS

Fig. 5A shows SEM image of the Inconel 625 reference 
coating. Two different phases were observed. Phase A (light gray 
after etching) appeared locally between phase B (dark gray after 
etching) grains. Phase A did not completely surround phase B 
grains. EDS analysis showed that weight concentration of carbon 
and chromium was similar for both phases. However, niobium 
concentration was higher in the phase A – 8 to 4 wt %, while 
more nickel was located in the phase B – 59 to 54 wt %. Black 
pores appeared in microstructure.

Fig. 5. SEM images of all deposited coatings; phase A (eutectic) seen 
as light gray; phase B (Inconel 625) seen as dark gray

As shown in Fig. 5B, laser coatings containing 10 wt % 
of WC were characterized by much finer structure than Inconel 
625 reference sample. Dark phase B grains were slightly smaller. 
Phase A concentrated between grains of phase B. In some areas 
phase A started to form thin film on grain boundaries. Concen-
tration of nickel, tungsten and chromium in phase A was much 

lower than in phase B. On the other hand, phase A contain ex-
tremely high amount of Niobium – 26 wt %, in comparison to 
phase B – 2 wt %. Similarly to reference sample, small amount 
of fine pores were observed.

Observation of Inconel 625 – 20 wt % WC samples 
(Fig. 5C) showed higher amount of phase A. It locally formed 
large amount of thin film between darker phase B grains. Phase A 
contains less nickel and tungsten in comparison to the phase B. 
Amounts of chromium and carbon were similar for them both. 
Two times more niobium was detected in phase A. Some poros-
ity was observed in this sample. Phase B grains were observed, 
smaller than in previous samples.

Coating of Inconel 625 – 30 wt % of WC, is shown in 
Fig. 5D. Observation of microstructure showed that darker phase 
B grains were completely surrounded by phase A. Phase A, 
containing larger amount of niobium – 10 wt %, and carbon – 
3 wt %, than phase B, had typical lamellar eutectic structure. 
Concentrations of tungsten and chromium were similar for both 
phases, while niobium was higher for the phase B. Small amounts 
of pores were observed.

SEM images with EDS point analysis showed differ-
ences between pure Inconel 625 and Inconel 625-WC coatings 
(Fig. 5). In pure Inconel 625 thin film of phase A was able to 
appear on grain surface due to the segregation of elements 
during supercooling [8]. Based on previous experiments of 
DuPont [10], crystallization of Inconel 625 welds proceeds 
with the following scheme: L → γ → L + γ → L + γ + Laves 
→ γ + Laves in temperature about 1200oC (where L – liquid, 
γ – gamma phase, Laves – Laves phases). Phases formed from 
elements which shows tendency to segregation in interdendritic 
areas, appears at the end of solidification process. It was found 
that appearance of various metal carbides in Inconel 625 welds 
is possible, because of eutectic reaction during supercooling of 
the material. As mentioned before, as a result of solidification of 
weld overlays, concentration of Mo and W in alloy increases. It 
leads to formation of TCP (topologically close-packed) phases, 
observed in Fig. 5D. In Inconel 625 carbides like MC, M2C, 
M6C and M23C6 are very likely to appear at higher temperatures 
from 870 to 1040oC [11]. However, the amount of phase A was 
small when compared to sample containing 30 wt % of WC. In 
this sample the eutectic phase which contained high amount of 
niobium and carbon was clearly seen as white lamellar structure 
surrounding darker phase B grains. Area inside phase B – In-
conel 625 grains, contained increased amount of carbon and 
tungsten in comparison to pure Inconel 625. WC grains could 
not be observed by SEM. Because of their small size and good 
wettability by nickel, WC grains dissolved in Inconel 625 during 
laser action. During solidification, eutectic reaction occurred. 
Formation of eutectic was similar in whole samples. XRD 
analysis were needed to identify compounds present in obtained 
material. Final properties of Inconel 625 – WC coatings could 
depend on initial powder particle sizes. Bigger grains of WC 
are expected to not fully dissolve. In result, eutectic amount 
should be lower. 
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3.2.3. XRD

The results of XRD analysis of powders mixtures and sam-
ples were presented in (Fig. 6). All of powder mixtures showed 
similar phase composition of nickel and tungsten carbide as 
presented on representative difractogram. Amount of detected 
WC vary from 33.2 vol. % to 75.6 vol. % depending on a sample. 
High amount of detected WC is the result of Inconel 625 grains 
which were covered in tungsten carbide particles.

The analysis of laser cladded coatings showed presence of 
WC. Samples containing 10 and 20 wt. % of WC shows similar 
phase composition. Sample containing 10 wt. % WC before laser 
cladding process contained 99.6 vol. % of nickel and 0.4 vol. % of 
WC, while 20 wt. % WC sample contained 99.1% vol. of nickel 
and 0.9 vol. % of WC. Detected tungsten carbide had typical 
hexagonal crystal structure. Small amount of WC is caused by 
its dissolution in Inconel 625 during laser action.

Phase composition of 30 wt. % WC sample was different 
than previous samples. XRD analysis allowed to detect various 
carbides which signals were overlapping. Based on previous 
experiments [12] it was found that detected carbides were: WC, 
W2C, NbC, (NbW)C, W6C2.54 and (W,Cr,Ni)23C6. The variety 
of different compounds was the result of WC dissolution in In-
conel 625 matrix. This sample contained 83.6 vol. % of Ni and 
16.7 vol. % of carbides.

Because of very small particle size and high temperature 
during laser cladding process, WC tends to dissolve in the Inconel 
625. After recrystallisation it can form various kind of intermetal-
lic phases, such as carbides, with other elements present in that 
alloy. This leads to formation of eutectic in the between Inconel 
625 particles which is presented in Fig. 5D as phase A with 
fishbone – like structure. Because of high niobium concentration 

in Inconel 625, niobium carbide – NbC and Niobium tungsten 
carbide – (NbW)C appeared. Because of overlapping signals, 
the exact amount of intermetallic compounds was difficult to 
identify by XRD analysis.

3.2.4. Hardness

Hardness tests performed on each sample showed that 
morphology of imprint left by Vickers intender was the same 
for each measurement. They were performed by making four 
series of tests beginning from surface of the sample, through the 
bulk to the boundary between coating and substrate as presented 
in Fig. 7. 

Fig. 7. Vickers Hardness – morphology of imprint was stable 

Fig. 6. XRD analysis of representative powder mixture and coatings: Powder, 10 wt % WC, 20 wt % WC – only γ-Ni and WC detected; 30 wt 
% WC – γ-Ni and various carbides WC, W2C, NbC, (NbW)C, W6C2.54 and (W,Cr,Ni)23C6 detected 
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Results have shown that hardness of all laser cladded sam-
ples is higher than pure Inconel 625 substrate made by CMT. 
Results have shown that addition of 10 and 20 wt. % of fine 
WC powder to Inconel 625 had statistically insignificant effect 
on hardness (Fig. 8). Higher amount of fine tungsten carbide in 
30 wt. % sample caused Inconel 625 grains to be surrounded the 
eutectic in contrary to other samples. Formation of hard eutectic 
between Inconel 625 grains leads to significant improvement in 
hardness, from 396.3 ±10.5 HV to 469.9 ±24.9 HV. As seen on 
the graph (Fig. 8) hardness of the material was changing with 
the distance from the surface. Subsurface layer is characterized 
by slightly lower hardness than deeper parts of the coating. 
This was probably the result of oxidation of surface material 
and of a different microstructure. Hardness measured in areas 
deeper inside samples was gradually decreasing to closer to 
the substrate. Nanohardness test was performed using diamond 
Berkovich nanoindenter to measure hardness of phase A – eutec-
tic and phase B – Inconel 625 core. Core material had average 
hardness of 306.2 HV which is much lower than hardness of 
eutectic = 534.2 HV. This confirms that eutectic mostly contains 
ceramic. Average hardness for each material are in Table 4. 

Fig. 8. Vickers Hardness vs distance from surface

TABLE 4

Average hardness of obtained materials

Material Hardness [HV]
Inconel 625 – reference 396.3 ±10.5

Inconel 625 – 10 wt. % WC 396.2 ±15.3
Inconel 625 – 20 wt. % WC 397.2 ±6.1
Inconel 625 – 30 wt. % WC 469.9 ±24.9

Phase A – eutectic 534.2 ±34.4
Phase B – Inconel 625 core 306.2 ±31.08

4. Conclusions

From the presented results, it can be concluded that:
• Laser cladding of Inconel 625 – WC allows to obtain uni-

form, crack and pore-free coatings with very strong bonding 
to the substrate material.

• Controlling process parameters during laser cladding allows 
modification of material properties.

• High cooling rate (supercooling) during laser cladding 
process allows to obtain coatings characterized by fine, 
uniform structure.

• Fine WC powder dissolves in Inconel 625 during laser clad-
ding process. When amount of WC is higher – 30 wt %, 
it results in formation of fishbone-like eutectic TCP phase 
which contains various carbides (WC, W2C, NbC, (NbW)C, 
W6C2.54 and (W,Cr,Ni)23C6) It appears in the intergranular 
space. 

• Despite differences in dendrite shapes and sizes, distribution 
of elements: W, C, Nb, Mo, Cr is similar in whole volume 
of samples. 

• Small addition (10 and 20 wt. %) of fine WC – 0.54 μm, 
changes hardness insignificantly in comparison to pure In-
conel 625. Higher addition of WC – over 30 wt. %, results in 
formation of hard eutectic surrounding Inconel 625 grains. 
This results in hardness improved from 396.3 ±10.5 HV to 
469.9 ±24.9 HV.

• Changing sizes of particles in substrate powders of Inconel 
625 and WC could have effect on final properties of coat-
ings. Bigger WC particles should not fully dissolve, this 
would have effect on amount of eutectic in material.
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