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Abstract
Lithium-based capillary porous systems (CPS) made of tungsten mesh are a part of the most prospective approach 
to plasma facing components. Currently, tungsten mesh as a part of the CPS is mounted directly on the experimental 
assembly without a proper joining with a substrate. Tungsten mesh filled with steel could be used as a base structure 
for the CPS. The experiment considers the wetting of tungsten by steel melt and the features of short- and long-term 
interaction between the two materials. Wetting was studied by improved sessile drop experiment. The results show 
that an average contact angle is 69° for SS316LN and 83.2° for SS420 melt on tungsten substrate with a temperature 
of 500–650 °C. Tungsten-steel composite was manufactured by infiltration of tungsten mesh with a steel melt. As a 
result of an active dissolution of tungsten in steel melt, (Fe,Cr)7W6 interaction layer with a thickness up to 10 µm forms 
around tungsten. Optimal structure with the thinnest intermetallic layer is obtained in the zones with the lowest tem-
perature and the highest cooling speed.
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Introduction

Tungsten is a common plasma facing material (PFM) 
for the divertor armor block in experimental thermonu-
clear facilities. High thermal conductivity, high melting 
point, low sputtering, low tritium retention and the ability 
to withstand heat fluxes up to 20 MW/m2 are the most 
important properties of a tungsten-based plasma facing 
material (PFC) (Gago et al. 2020; Du n.d.). ITER Organi-
zation plans to shift the first wall material from beryllium 
to tungsten in order to reduce the tritium’s retention inside 

the ITER vessel and dust production while also increas-
ing the resilience of in-vessel components against disrup-
tions. Considering high sputtering rate of Be (Guseva et 
al. 1999), this improves the operation safety. The main 
disadvantage of tungsten and its alloys is the processabil-
ity and cost of production.

Tungsten demonstrates high performance as a PFM, 
however there some are fundamental difficulties regard-
ing the solid PFC concept. Any solid material sputters and 
contaminates the plasma due to the inevitable contact with 
plasma during the sudden disruptions and instabilities. A 
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PFC based on a liquid metal approach is able to negate the 
sputtering and contamination of plasma with the atoms of 
the first wall and the divertor material (Yang et al. 2017; 
Andruczyk et al. 2020). Liquid metal such as lithium cre-
ates a shielding layer when being in contact with plasma, 
reducing the thermal load on the structure (Andruczyk et al. 
2020). A PFC in form of a capillary-porous tungsten mesh 
filled with lithium is able to withstand higher heat loads than 
similar existing solid materials, which has been shown in a 
number of studies (Evtikhin et al. 2002b; Zuo et al. 2011).

Capillary-porous system (CPS) is a common way to cre-
ate a renewable liquid metal layer. CPS are made from a 
tungsten wire with a thickness of 10–100 µm with a cell 
size of 15 and 100 µm (Evtikhin et al. 2002a). When the 
CPS is immersed in lithium, capillary force draws in the 
liquid metal, filling the space between the wires. However, 
the CPS themselves need a base structure to which they 
will be attached (Lyublinski et al. 2016). This base structure 
should demonstrate high thermal conductivity, good ma-
chinability, corrosion resistance in Li and acceptable cost.

The simplest option is to integrate a CPS and a solid 
substrate into one tungsten wire-based material, in which 
one part is a CPS filled with a liquid metal and another is 
a solid material strengthened with tungsten wires (Popov 
et al. 2024). A composite material based on a tungsten 
wire should have a metal matrix that can be easily joined 
to steel by welding or brazing. A tungsten composite ma-
terial with a steel matrix (WSS) will have an increased 
thermal conductivity compared to pure steel. Steel matrix 
will allow to decrease the cost of the material and ease its 
processability. Such material can also be welded to other 
structural elements.

Composites based on a tungsten wire have been al-
ready applied in engineering. In the case of thermonuclear 
energy, two types of materials have recently been devel-
oped: W/W(f) and W/Cu (De Luca et al. 2023; Riesch 
et al. 2024). The first type is tungsten reinforced with 
tungsten fiber (Du n.d.). To manufacture tungsten-based 
materials the CVD method is used. In case of the W/W(f) 
material, after tungsten hexafluoride gas is passed through 
a wire yarn specimen, a layer of deposited tungsten starts 
growing, filling the gaps between the wires (Dushik et al. 
2018; Lau et al. 2024; Piskarev et al. 2024). The W/Cu 
material is obtained by infiltration from a copper melt, hot 
isostatic pressing and other methods (Saito et al. 2002; De 
Luca et al. 2023). As a result, pure copper solidifies in a 
porous tungsten structure. Two elements in the W-Cu sys-
tem are insoluble in each other thus no interaction occurs 
during these processes.

Tungsten wires are used for strengthening of nickel al-
loys. The WNi composites demonstrates high mechanical 
properties (Warren et al. 1979). However cracks propa-
gate in the interaction layer due to the limited solubility, 
the existence of intermetallic compounds (IMC) in the 
W-Ni binary system and a difference in CTE (Roy and 
Pastein 1974; Arai et al. 1989). After the exposure to high 
temperatures IMC layer significantly grows, causing the 
breakdown of a matrix–wire bond.

The use of steel as a matrix is difficult due to the inter-
action of tungsten with iron, chromium and nickel with 
the formation of IMC. In (Kumar 2013) the interaction 
between the W wire and the steel matrix in the WSS com-
posite obtained by casting technique is described. Addi-
tionally, the diffusion coefficients and growth rates of the 
(Fe,Cr)7W6 IMC layer during annealing were presented. 
The most interesting result is that casting of FeNi2 alloy 
suppresses the IMC layer formation on the W wire sur-
face. However all commonly used steels were prone to 
form IMC and carbides around the W wire.

Various technologies such as plasma-spraying, laser 
cladding, spark plasma sintering, hot pressing and addi-
tive technologies were proposed to develop WSS com-
posite and functional graded materials (Weber et al. 2013; 
Matějíček et al. 2015; Chen et al. 2018, 2021; Koller et al. 
2018; Tan et al. 2019; Ganesh et al. 2023). Plasma-spray-
ing and laser cladding methods are able to overcome the 
IMC formation, however they suffers from technological 
difficulties and have high production cost. These results 
evidence that it is possible to control the manufacturing 
parameters (time, temperature, pressure etc.) to obtain the 
optimal structure.

The matrix material for WSS composite is a crucial 
part of the design. AISI 316LN steel is the base material 
for the ITER construction. On the other hand ferritic-mar-
tensitic steels are more preferable due to higher radiation 
resistance. The reduced activation ferritic-matrensitic 
(RAFM) steel will eventually replace austenitic steel to 
guarantee radiation safety. Hence, two types materials 
for the matrix – austenitic 316LN and conventional 420 
steels were chosen for this investigation.

As shown in (Kumar 2013), casting of the overheated 
steel melt at 1550 °C results in active interaction and a 
partial dissolution of the W wire. To reduce the interaction 
time, it is possible to use the infiltration method followed 
by fast cooling. The steel melt can be drawn in by the 
capillary forces in the CPS the same way as the liquid 
lithium is drawn.

The aim of this work is to propose the scalable tech-
nology for the WSS composite production. In this paper, 
the melt infiltration method is used to manufacture a com-
posite based on tungsten mesh with a matrix of two types 
of steel. Since this method depends on the wetting angle 
between the two materials (Kainer 2006; Contreras Cuevas 
et al. 2018), this study also investigates the wetting of a 
tungsten substrate by steel melt, and the obtained structure.

Materials and methods
Wetting of tungsten by molten steel

The experimental setup of the modified dispensed drop 
method is shown in Fig. 1. Two types of stainless steel 
(SS) AISI 420, AISI 316LN and pure W were used 
as initial materials. Their chemical compositions are 
shown in Table 1.
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Steel pieces with a weight of 0.6–0.7 grams were placed 
in a quartz crucible with an inner diameter of 4 mm and 
a nozzle diameter of 1.6–1.8 mm. Temperature was mea-
sured by a thermocouple places near the crucible nozzle. 
Austenitic 316LN steel was heated up to the temperature 
of 1450–1470 °C, SS420 was heated up to 1550–1560 °C. 
The steel was being melted for 2 minutes to ensure that 
the liquid is homogenous. Then, high-purity argon was in-
troduced into the quartz crucible. The melt was squeezed 
out on a cold tungsten 20×20×1 mm3 plate. In the exper-
iment, W substrate inevitably heats up to the temperature 
of 500–650 °C due to the radiation from the injector Mo 
heaters above it. The temperature gradient on the surface 
measured using thermocouples placed in the center and at 
the edge of the sample was no more than 30 °C.

The contact wetting angle was calculated in the ImageJ 
program. To obtain valid results, wetting angle was calcu-
lated on 5 experiments for the each of the steel types. The 
tungsten was grounded on a diamond disc with a grain 
size of 1800 before the experiment.

Interaction features study

The interaction study is divided into two parts: non-iso-
thermal and isothermal. The time-temperature modes are 
shown in Table 2. In all experiments melt volume was 
equal to the one of the substrate (50 mm3). In the non-iso-
thermal experiment, only SS420 steel was injected onto 
W, whereas in isothermal experiments, both 420 and 
316LN steels were melted directly onto W.

Infiltration of tungsten mesh by steel

The infiltration of the tungsten mesh by molten steel was 
carried out in an arc furnace. The experimental scheme is 
shown in Fig. 2. The furnace chamber was cleaned three 
times by evacuating air and replacing it with high puri-
ty argon. After filling the chamber with argon, zirconium 
getter was melted to remove residual oxygen. The steel 
was arc melted on a water-cooled copper crucible until a 
homogeneous melt was obtained.

Five layers of the tungsten mesh with a cell size of 
1 mm manufactured by OFOLAN Metal Wire Mesh Man-
ufacturing from a wire with a diameter of 100 microns 
were fixed between two tungsten plates. The specimen 
size was approximately 40×20×2 mm3. The mesh was 
placed next to the steel. After the melting of the steel, the 
arc was moved to the edge of the melt. Thus, melt pool 
was pushed towards the mesh specimen. The melt that was 
in contact with the sample spontaneously infiltrated the 
mesh. To keep the interaction period as short as possible, 
the arc melting was stopped immediately after the contact.

Table 1. Materials chemical composition

Material
Content, wt.%

Fe Cr С Ni Ti Mo W Other
AISI 420 Bal. 12–14 0.16–0.25 <0.6 - - - <0.6Mn
AISI 316LN Bal. 16–18 0.02 10–14 0.05 2–3 - 0.1–0.3N
W - - - - - - >99.99 0.01(Fe+P+O2)

Figure 1. Experimental setup to measure wetting angle.

Table 2. Time-temperature modes for the specimens

Experiment 
type

W temperature, 
°C

Melt 
temperature, °C Treatment

Non-isothermal 
(Injection)

650 1550 No exposure

Isothermal 
(Furnace)

1500 1500 No exposure
No exposure

1550 1550 10 min exposure
10 min exposure

Figure 2. Schematic representation of the infiltration experiment.
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Microstructure and phase analysis

For the microstructure investigation, the specimens were 
cut in half by a Struers Minitom low-speed cutting ma-
chine. Afterwards the specimens were prepared for mi-
crostructure and phase analysis according to the standard 
procedure: grinding and polishing on diamond paste with 
a size of 3–1 μm. The microstructure was studied using 
scanning electron microscopy (SEM) via JEOL JSM–
6610LV and Carl Zeiss EVO 50 with energy dispersive 
spectrometry (EDS) on the Oxford Instruments INCA 
x-act instrument. The phase composition of the remaining 
samples was analyzed using X-ray phase analysis on the 
Brucker D8 Discover device.

Results and discussion
Wetting of cold W substrate by 420 and 316LN melt

The melt temperature range was selected based on the 
result of a series of experiments that involved heating a 
316LN steel melt with a liquidus temperature of 1400 °C. 
It was found that heating higher than 1470 °C does not 
have a noticeable effect on the wetting angle, while ac-
tually causing the droplet spraying. When heated below 
1440 °C, the droplet starts to crystallize before coming 
into contact with tungsten. Similarly, for steel 420 with 
a liquidus of about 1500 °C, the injection temperature of 
1550 °C was selected.

The standard sessile drop method used in number 
of works (Pitak and P’yanykh 1965; Xuan et al. 2015) 
implies simultaneous heating of a substrate and liquid 
to the same temperature. In the previous work (Popov 
et al. 2024) we investigated the interaction of iron and 
steels with a tungsten substrate at temperatures close to 
the melting point. Under these conditions, the interaction 
leads to the complete wetting and the formation of a large 
number of intermetallic phases which are undesirable in 
terms of mechanical properties. Additionally the IMC for-
mation could have affected the wetting by both increasing 
and decreasing it (Protsenko et al. 2001).

In this work, the modified dispensed drop method was 
used to simulate the wetting process when the melt is 
heated to a temperature higher than the substrate. Heating 
zones are isolated from each other which allows to control 
the temperatures of the melt and the substrate separately. 
However, the injector heating zone is located close to the 
substrate which causes the heating of the substrate by ra-
diation. The wetting process after the injection of the steel 
melt on tungsten substrate is shown in Fig. 3.

In (Long et al. 2024) the wetting was measured by a 
similar method, however the melt was heated by high-fre-
quency induction melting. This type of heating suits well 
for their purpose due to their substrate is non-conductive. 
The method was reworked to investigate the wetting of 
metal substrate.

The wetting angle (θ) of tungsten for 316LN steel 
ranges from 55–77°, while steel 420 ranges from 75–94°. 
At the same time, the average temperature of tungsten in 
the first case was 520 °C, and 650 °C in the second. The 
major source of error is the dissymmetry of the droplet 
after the contact with tungsten. The crucible nozzles have 
slightly different shapes and diameters which affects the 
shape of the droplet. The average contact wetting angle 
value is 69° for SS316LN and 83.2° for SS420.

These results could be compared with those of (Long 
et al. 2024), where steel melt wets the alumina substrate. 
Both in our investigation and in mentioned work, the con-
tact angle has a dynamic stage and static stage. However, 
in this study the melt rapidly reacts with the substrate, 
after which solidification follows. The contact angle was 
measured right after the melt form a drop shape on sub-
strate (~0.5 sec after injection).

The maximum melt rise in a capillary (h) is calculated 
using the Jurin formula (1). This allows to estimate the tung-
sten mesh dimensions for the next infiltration experiment.

	 (1)

Here γlv – liquid-vapor surface energy, g – gravitational 
acceleration, ρ – density, r – capillary diameter. The data 
for surface energy was obtained from the articles (Choe et 
al. 2014; Klapczynski et al. 2022). Thus, the estimated h 

Figure 3. Tungsten substrate at 500–660 °C wetted by a) 316LN at 1460 °C, b) SS420 at 1520 °C.
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value for the 1 mm capillary mesh is h = 23 mm for steel 
316LN and h = 13 mm for steel 420.

The contact time of the liquid melt with tungsten was 
too short to form any detectable interaction layer. Due to 
the small volume of steel and the high thermal conductivi-
ty of relatively cold tungsten a complete crystallization of 
the droplet was observed within 1–2 seconds.

Interaction layer after injection of SS420 melt on cold 
tungsten

To analyze the interaction layer, the amount of molten steel 
was increased so that the volume of steel and tungsten was 
the same. This increases the cooling time of the droplet af-
ter the injection so that the materials interact more actively 
with the dissolution of W in the melt. The SS420 steel drop-
let microstructure on the W substrate is shown in Fig. 4.

A reaction zone (location 1 in Fig. 4) was observed 
along the surface of tungsten in the form of a continuous 
layer of IMC with the composition of point 1 – 46Fe-40W-
14Cr at.%. These IMC were also detected at a distance of 
about 100 μm from the surface of tungsten. The steel itself 
is enriched with tungsten. The chemical composition of 
the steel matrix in point 2 is 77Fe–9W-14Cr at.%. The 
phases with composition of point 1 are most likely the µ 
phases (Fe,Cr)7W6. In the Fe-Cr-W ternary system point 2 
chemical composition corresponds to the mixture of an α 
solid solution and the λ (Fe,Cr)2W phase. Due to the small 
size of the crystals near point 2 it is impossible to define 
the phase composition using EDS and XRD data.

In addition to the cracks, a porous zone is observed 
in location 2 in Fig. 4. According to the EDS data, the 

chemical composition of phases in point 3 is 53Fe-28W-
19Cr at.%. These small crystals have lower tungsten con-
tent in comparison with the point 1. Their chemical com-
position is much closer to the λ (Fe,Cr)2W phase. In the 
steel matrix in point 4 with composition of 80Fe-7W-13Cr 
at.% the tungsten content is lower than in point 3. It seems 
that this zone was isolated from tungsten by a pore, thus 
tungsten was forced to diffuse from a greater distance.

A well-distinguishable IMC reaction layer with a 
thickness of about 10 μm is formed on tungsten surface. A 
crack between tungsten and steel is clearly visible in the 
Fig. 4 in location 3. The difference in CTE between the 
two materials causes high thermal stresses at the bound-
ary which in turn causes the crack propagation. The IMC 
and W are prone to cracks due to their brittleness.

The concentration of tungsten drops to zero at a dis-
tance of about 250 μm from the surface of the plate. Fig. 5 
shows the EDS elemental distribution maps. They clear-
ly indicate that the tungsten is present in both the IMC 
phases and steel. Iron does not diffuse into tungsten, while 
a small amount of chromium dissolves in tungsten.

The IMC layer grow during long-term contact of the 
melt with tungsten

To analyze the phase evolution during the interaction of mol-
ten steel and tungsten, two types of steels were melted on the 
surface of tungsten at 1500 and 1550 °C. In the last case, the 
specimen was held for 10 minutes at a target temperature. 
This experiment simulates the interaction of steel and tung-
sten heated up to the same temperature above the steel liqui-
dus point after which fast cooling or long exposure follows.

Figure 4. Microstructure image of the interaction layer between W and SS420 steel melt.
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The microstructures of the specimens W420 and 
W316LN are shown in Fig. 6 together with the chemi-
cal composition of the IMC. Based on our previous re-
sults (Popov et al. 2024) and literature data (Kumar 2013) 
these are µ Fe7W6 phases.

Considering the SS420 interaction with W, the IMC 
layer increases slightly in size with increasing tempera-
ture and time. The chromium content reduces due to the 
diffusion into tungsten.

The temperature of 1500 °C for steel SS420 is the liq-
uidus point, while for SS316LN it exceeds liquidus by 
100 degrees. Thus, the interaction of austenitic steel at the 
same temperature is much more intense. The thickness 
of the IMC layer at the boundary of tungsten and steel 
420 and 316LN is about 5 and 10 microns respectively. 
Due to the overheating, high diffusion and dissolution rate 
of tungsten in the SS316LN melt the erosion occurs in 
W316LN specimen’s case.

Figure 5. EDS elemental distribution maps of W420 specimen.

Figure 6. Microstructure of SS420 and SS316LN melted on W at 1500 followed by cooling and at 1550 °С with 10 minutes exposure.
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Phase composition was analyzed on the specimens 
where tungsten was removed by cutting and grinding so 
that only steel and interaction zone remained. Peaks from 
the two phases – BCC iron and µ phase – were observed 
in the XRD spectra. The presence of the λ phase is hard 
to detect due to its small size. Every mentioned specimen 
was analyzed via XRD with a spanning speed of 0.05 °/
sec to properly identify the small-sized IMC. In Fig. 7 the 
XRD spectra for specimen W420 obtained via melting 
at 1500 °C presented. It is evident that due to small size 
of IMC the peaks are under background especially when 
scanning speed is relatively high. The pure tungsten does 
not have peaks at 30–44°, while Fe7W6 with trigonal R̅3m 
space group have numerous peaks with high intensivity.

A significant IMC layer thickness increase was ob-
served when the melt was overheated above the liqui-
dus by 150 °C. Thus, in order to reduce the interaction 
layer, it is necessary to prevent overheating of the melt 
and reduce the interaction time of the melt with tungsten. 

The IMC formation could be suppressed by rapid cooling 
(quenching). However, in a similar work (Kumar 2013) 
the annealing for 100 hours at 1000 °C caused the decom-
position of a metastable solid solution.

Infiltration of tungsten mesh

Capillary force draw steel melt into the mesh. The melt 
crystallizes after a short period of time. The experiments 
distinguish characteristic is that the tungsten mesh was set 
vertically to demonstrate the structural differences across 
different zones. The lower part of the mesh was in contact 
with a water-cooled copper substrate, while the middle 
part was in contact with the most of the heated melt. The 
photo of the specimen after infiltration is shown in Fig. 8. 
The upper part of the mesh was not filled with steel. At the 
cross-section the wetting effect between steel and tung-
sten could be observed. The melt rose along the plate wall 
sustaining a smooth contact with it.

Figure 7. XRD pattern of W420 – 1500 °C without exposure. The Figure represents the results of the analysis at two scanning 
speeds – 0.5 and additional 0.05 °/sec scanning at the 2θ angles 30–50°.

Figure 8. Specimen of tungsten mesh infiltrated with SS420 in arc melting furnace.



Popov N et al.: Tungsten steel composite manufactured via melt infiltration50

Fig. 9 shows a schematic representation of three ther-
mal zones. The cross-section of the specimen can be di-
vided into the three main zones: cold, hot and quenching 
zone. A feature of arc melting is the high temperature gra-
dient of the melt. The lower part of the steel ingot that was 
in contact with a cold substrate during melting remained 
solid. At the same time the outer edges of steel heated 
directly by the arc were liquid.

The flow is driven by the capillary force which is pro-
portional to the wetting angle. The liquid infiltrates the 
mesh precisely from the upper part of the melt where it 
has lower viscosity. Thus, the area of contact of the melt 
with tungsten is labeled hot zone.

The part of the melt that is in contact with copper has a 
temperature near the melting point of steel. The crystalli-
zation front moves from this zone. In this area the cooling 
rate is also higher than in the other zones which causes 
quenching. Thus, this zone named as quenching zone.

The cold zone is referring to the upper area of speci-
men which is not in the direct contact with a melt drawn 
from the top of the steel ingot. It has a lower temperature 
than the hot zone. Since tungsten has high thermal con-
ductivity, a part of the melt begins to crystallize around 
the tungsten wire and plates. At a distance from the hot 
zone, the gap between the wire and the plates is complete-
ly filled with crystallized steel. This zone has the lowest 
cooling rate among others.

The microstructure of the three zones is shown in 
Figs 10–13. Despite the high temperature in the hot zone, 
the thickness of the intermetallic layer around the tung-
sten wire in the hot and cold zones is in the range of 5–8 
µm. In the quenching zone, the thickness is lower – about 
2–3 µm. Voids from missing tungsten wire were found in 
the structure of the composite. It is most likely that they 
were pulled out during grinding.

Chemical analysis of the interaction zone of all zones 
revealed that intermetallic compound has a chemi-
cal composition similar to the previously observed 
(Fe,Cr)₇W₆. Particles with high tungsten content pre-
cipitate around the intermetallic layer. The size of these 
particles is less than 1 µm, which makes it impossible 
to determine their exact chemical composition by the 
EDS method. A similar microstructure is observed on the 
mesh infiltrated with 316L steel in Fig. 11. The chemical 
composition of the interaction zone of W316L specimen 
is 38W-45Fe-4Ni-13Cr at.% which is similar to the com-

position obtained earlier when 316LN steel sample melt-
ed on tungsten at 1500 °C.

In the hot zone, tungsten is intensively dissolved in the 
melt. The typical structure in the hot zone shown in Fig. 12. 
The wire diameter is reduced from 100 µm to 40 µm. The 
IMC layer around the wire increases slightly by 1–3 µm 
compared to the quenching zone. A distinctive feature 
of the zone is the presence of a large number of tung-
sten-based IMC in the steel volume. In this area, the melt is 
highly enriched with tungsten due to its active dissolution. 
Additionally, lower cooling rate does not suppress diffu-
sion processes, causing IMC precipitate from the melt.

The cold zone is characterized by the minimal interac-
tion of tungsten with the melt. The microstructure of the 
W420 specimen shown in Fig. 13 demonstrates a 5–8 µm 
thick IMC zone. A few intermetallic phases were identi-
fied near the wire. Unlike the hot zone case, these phases 
are formed only in a small area around the wire due to the 
lower temperature.

Wire thickness distribution in form of a graph of di-
ameter (d) vs. specimen height (H) is shown in Fig. 14. 
Wire thickness sharply decreases from the bottom of the 
W420 specimen to its centre. The thickness then slowly 
reaches its initial value near the top of the specimen. The 
quenching zone is relatively narrow compared to the hot 
and cold zones. At a height of 3–4 mm the erosion is the 
most intense.

Figure 9. Schematic representation of infiltration process.

Figure 10. Cross-section of quenching zone of W420 composite.

Figure 11. Longitudinal cross-section of quenching zone of 
W316L composite.
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Figure 12. Cross-section of hot zone of W420 composite.

Comparison of experimental results

A comparison of the structures of the three zones with 
different thermal effects indicates that the amount of dis-
solved tungsten is the most significant difference. The di-
ameter of the wire remained unchanged, and the thickness 
of the interaction layer turned out to be the thinnest in the 
cold and quenching zones. Thus, if infiltration occurs at a 
temperature close to the melting point of steel, the forma-
tion of the undesirable IMC phases will be minimal.

This is also supported by the minimal interaction and 
dissolution observed in the microstructure of steel melted 
on tungsten at 1500 °C. Melting steel on tungsten in a 
vacuum furnace result in a lower cooling rate and a lon-
ger interaction time than infiltration. For example, 316LN 
steel was in a liquid state for less than 1.5 minutes when 
it was being melted on tungsten at 1500 °C. Nevertheless, 
the interaction layer did not exceed 10 µm. The time of 
infiltration process is about a few seconds, after which it 
takes from 20 to 30 seconds to cool down to the last visi-
ble radiation temperature of 600 °C.

High melt temperatures cause severe dissolution of 
tungsten. The melt with high tungsten content crystallizes 
in form of the Fe7W6 type IMC layer on the tungsten sur-
face. During cooling some of the IMC precipitates form a 
solid solution. The second λ type IMC do not play a sig-
nificant role in the structure of the material. This may be 
the result of a low diffusion rate in a solid state and a diffu-
sion barrier in form of a IMC layer on tungsten. Chemical 
and phase analysis show that the interaction layer consists 
only of an intermetallic compound of the μ type, which 
corresponds to the results of the article (Kumar 2013).

In another work (Warren et al. 1979) the connection 
between tungsten wire and steel was obtained by hot iso-
static pressing (HIP) at a lower temperature of 1200 °C. 
However, even in the case of HIP, diffusion processes cause 
the formation of a Fe7W6 layer with a thickness of 10 µm.

It can be concluded that the structure with minimal inter-
action formed in quenching zone. Thus the melt infiltration 
require the conditions similar to bulk amorphous materi-
als (BMG). The BMG were successfully manufactured by 

Figure 13. Cross-section of cold zone of W420 composite.

Figure 14. Wire thickness at different zones of W420 specimen 
and examples of zone microstructure.
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suction casting (Dandliker et al. 1998; Wall et al. 2006; Ryu 
et al. 2022) with a cooling rate up to 104 K/s (Pawlik et al. 
2008; Kozieł et al. 2020). This technology as well as drop 
casting could be used to improve the infiltration method.

Conclusion

A new approach to the manufacturing of a composite based 
on a tungsten mesh and a steel matrix presented in the 
work. The infiltration of the tungsten mesh by molten steel 
was tested on the tungsten mesh with a cell size of 1 mm 
and a 100 µm wire diameter. Two types of stainless steels 
316LN and SS420 are proposed as a composite matrix.

The average wetting angle between cold tungsten and 
SS316LN is 69°, and 83.2° for SS420. Calculated max-
imal height of the melt rise is 23 mm for 316LN and 
13 mm for steel 420.

Short-term and long-term interaction of tungsten with a 
melt of both steel types cause the formation of (Fe,Cr)7W6 
layer. The thickness of the layer during short-term interac-
tion is about 5 µm for W420 and 10 µm for W316LN spec-
imens. Rate of tungsten dissolution is strongly affected by 

the melt overheating above liquidus point and exposure 
time. The overheating above liquidus by 150 °C cause the 
rapid dissolution of tungsten followed by formation of 
thick brittle IMC layer. This evidence that shot-term inter-
action and fast cooling could prevent the IMC layer grow.

The tungsten mesh with a cell size of 1 mm was infil-
trated with the 420 and 316LN steel melt. Specimens with 
dimensions of 40×20×2 mm were obtained by infiltration 
in arc melting furnace in Ar atmosphere. The structure can 
be divided into three main zones by their cooling rates and 
the average melt temperature. The thickness of the layer in 
the cold and hot zones differs from 2.5 to 8 µm. The over-
heated melt in the hot zone dissolves tungsten, causing 
the decrease of the wire diameter from 100 µm to 40 µm. 
In zones, where the melt was at lower temperature, the 
interaction did not significantly reduce the wire diameter.
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