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Abstract. Coating deposition on many industrial components with good microstructural, mechanical
properties and better wear resistance is always a challenge for the thermal spray community. A number
of thermal spray methods are used to develop such promising coatings for many industrial applications;
viz. arc spray, flame spray, plasma, and HVOF. All these processes have their own limitations to
achieve porous free, very dense, high performance wear resistant coatings.

In this study, an attempt has been made to overcome this limitation. Molybdenum coatings were
deposited on steel substrates using Wire flame. As-sprayed coatings were analyzed for phase using
x-ray diffraction (XRD), and for microstructural using scanning electron microscopy (SEM), also the
micro-hardness of coatings are measured. Results show that the coatings have good performance in
terms of microstructural, mechanical properties.
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Annomayus. OcaxJeHHE MOKPBHITUH Ha MHOTMX HPOMBIIIJICHHBIX KOMIIOHEHTAaX C XOPOLIUMU
MUKPOCTPYKTYPHBIMHU, MEXaHUYECKUMHU CBOMCTBAMU U JIyUllIed H3HOCOCTOMKOCTBIO BCEra sIBISETCS
po0IeMOii 1J1s COOOIIECTBA TEPMUUECKUX PACHBIIUTENECH. P/l METO0B TEPMUYECKOT0 HAITBUICHHS
ObLI UCTIONIBL30BaH ISl pa3pabOTKH TaKUX MEPCIEKTUBHBIX IOKPBITHH ISl MHOTUX MPOMBIIIICHHBIX
MIPUMEHEHUH; a UMEHHO AYTH, nams, azma u HVOF. Bee 3T mporiecchl UMEIOT CBOU OI'paHUUYCHUS
JUISL TIOJYUYSHHsI MOPHUCTHIX CBOOOJHBIX, OYEHb IUIOTHBIX, BBICOKOI()(EKTUBHBIX H3HOCOCTOHKHX
MOKPBITUH.

B aTOM unccnenoBaHuM Obuta chenaHa IONBITKA IIPEOAOJIETh 3TO OrpaHudeHue. MoiaubreHoBble
MOKPBITUS HAHOCUJIY Ha CTAJIbHBIE MOJJI0OKKHU C MCTIOJIb30BAHUEM IIPOBOJIOUHOrO IiaMeHu. ITokpbITus
10CJIe HANbUICHHUS aHAJIM3MPOBaJIM HA a3y ¢ MCIOJIb30BAaHUEM AU(PPAKIIMH PEHTIC€HOBCKHX JTy4dei
(XRD), a niast MUKpPOCTPYKTYpPBI C HCHOJIB30BAHUEM CKAHUPYIOILIEH DJIEKTPOHHOM MHKPOCKOITHH
(SEM) Tak>ke U3MepsIIi MUKPOTBEPIOCTh TOKPHITHI. Pe3yIbTaThl IOKa3bIBAIOT, YTO IOKPHITHS HUMEIOT
XOPOIINE XapaKTEPUCTUKU C TOUKU 3PEHUS] MUKPOCTPYKTYPHBIX, MEXaHUYECKUX U U3HOCOCTOMKUX
CBOMCTB.

Kawuegvie crnosa: pacubUleHHE —IUIAMEHHOW INPOBOJIOKH, IIOKPBITHE, MHUKPOCTPYKTYpaA,
MHKpOTBepaocTs, XRD, SEM.

Huruposanue: xennens, M. HccinenoBaHue MUKPOCTPYKTYPBI, 3TallOB U MHKPOTBEPAOCTH IMOKPBITHI W3 MOIHOAEHa,
HAHECEHHBIX CIIPeeM U3 BCIIEHEHHOro MaTtepuaiia Ha ctanb / M. Jxennaens, O. Annayu, P. Bybaas, C. benanu6a, M. Maasy3s
// Kypn. Cu0. ¢penep. yH-ta. Texnuka u rexsonoruu, 2020. 13(4). C. 495-501. DOI: 10.17516/1999-494X-0240

1. Introduction

The thermal spray method is a technique-using spray gun to fill the melted particles on a previously
prepared surface, layers of metallic or nonmetallic materials. followed by fast cooling process and
solidification [1]. The Thermal spray technology has been used intensively as a heat-resistant coating
for space industries, boiler components, offshore rigs and equipment in the oil and gas industries.
There are several types of thermal spray commonly used such as High Velocity Oxygen Fuel (HVOF)
and Electric Arc Spray and Plasma spray.

Nevertheless, Combustion Flame Spray is classically used in the restoration of the worn mechanical
elements submitted to frictions in service to reach again the correct original thickness after a large
technical life [2].
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A projected coating is of high quality when good cohesion of the deposit is obtained as well as
high adherence of the coating on its substrate. If the adherence proves to be insufficient bonds coat are
commonly used among which molybdenum or alloys of the type NiAl [3]. Flame spray is a widely used
coating deposition method in the broad category of thermal spraying, in which molybdenum wire is
melted through a high-temperature flame and compressed air breaks the molten wire into several small
droplets, resulting in splats formation and that builds up a coating [4, 5].

In this study, the influence of the thickness of this bond coat on the adherence of the final deposit is
investigated. In this goal, two types of composite systems were prepared: (A) a single layer of Mo bond
coat/substrate 42CrMo4 and (B) coating by flame wire using steel (Sprasteel LS) as an undercoat layer
(Tab.I11.2), and molybdenum as bond coat. The purpose of the composite systems was to investigate
qualitatively the role of the bond coat on the adherence of the deposit. In addition, a scanning electron
microscope (SEM) was used to view the microstructure of the coatings. The crystalline structure of

the coatings was investigated by X-ray diffraction (XRD).

2. Experimental methods

2.1. Materials and coating deposition

The samples we used for our tests come from round bars steel substrate it was 42CrMo4 of 60 mm
in diameter, and the coating was a steel (Sprasteel LS). Their chemical compositions are presented in
Table 1, and Table 2. Molybdenum (Mo) was used for the bond coat. Steel (Sprasteel LS) and Mo were
deposited as a wire using a standard flame-wire “MARK 60”.

Prior to the deposition, the substrates were cleaned, degreased, grit blasted with corundum
particles and finally subjected to ultrasonic cleaning using acetone.

The fabrication parameters of the bond coating and the top coating are shown in Table 3, which

were recommended by the manufacturer.

2.2. Characterization and analysis techniques

The microstructure of the composite coating was examined by using a scanning electron
microscopy (SEM).The phases present in the coatings were identified using an X-ray diffraction (XRD).
Measurements of the micro-hardness of the deposits have been made on surfaces of polished

sections. Micro-hardness testing was performed on the samples with a Vickers micro-hardness tester

Table 1. Chemical composition of the steel to be coated (%)

C Cr Mo Mn Si P S

0.38/0.45 0.90/1.20 0.15/030 0.60/0.90 0.40 max 0.035 max 0.035 max

Table 2. Chemical composition of the steel (Sprasteel LS) to be coated

C Cr Mo Mn Ni Breaking load
0.04% 1.5% 1.5% 2% 4% 2300 Kg/Cm?
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Table 3. Thermal spray conditions

Wire of Steel (Sprasteel LS) Molybdenum
Spraying air pressure 4.6x105 Pa 3.8x105 Pa
Acetylene pressure 1.2x105 Pa
Oxygen pressure 4x105 Pa 4x105 Pa
Propane pressure 3x105 Pa
Speed of wire moving 0.02 m/s 0.02 m/s
Spaying distance 150 mm 150 mm
Wire diameter 3 mm 3 mm
Spray angle 90° 90°

(Zwick ZHV10) using a load of 200 g. Twelve measurements are performed to evaluate an average

value and a standard deviation of this parameter.

3. Results and discussion

3.1. Microstructural investigation

To better understand microstructural variations, the samples were characterized by scanning
electron microscopy (SEM). Coating presents a classical layered morphology, characteristic of the
thermal spray process [6, 7]. Typical cross-section morphology of the composite systems A (Mo bond
coat/42CrMo4) & B (steel (Sprasteel LS) layer/Mo/42CrMo4) are presented in (Fig. 1). The deposit
formed coating using these two systems: (A) & (B) coating has pores. where their sizes are becoming
larger near the interface. In addition, these micrographs show that the bonding of molybdenum on
steel is not perfect because there is a vacuum between the two materials. These pores are due to partial
filling and trapped gases. The size of the particles and their speed have an important influence on the
density of the deposits.

Steel | [interface | | Mo |Pores |
1

L L

& Coating:
substrate . mosSprastesl LS

X43  500pm 0000 PC-5EM
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Fig. 1. SEM micrographs: Typical cross-section morphology of the composite systems: A (Mo bond coat/42CrMo4)
& B (Sprasteel LS layer/Mo/42CrMo4)
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The sprayed deposits exhibit: poor adhesion and partially recorded cohesion between the particles
on the one hand, and poor adhesion of the particles to the substrate on the other hand. Publications
claim that these defects are due to poor crushing of the particles during impact (spray parameters not

respected) and to poor preparation of the surface to be coated [8].

3.2. Characterization by X-ray diffraction (XRD)

The diffraction spectrum obtained is presented in Fig. 2. X-ray diffraction is performed on the
surface of the deposited molybdenum. Note that molybdenum has a C.C. structure. This spectrum
clearly reveals the peaks of molybdenum, which are: (110), (200), (211) and (220). On the other hand,
the other peaks, which are not indexed, can only be the peaks of the oxides also; their intensities are
not significant compared to the peaks of molybdenum, which reflects the presence of a small amount
of these oxides.

In addition, the spectrum of X-ray diffraction analysis of composite systems B (Sprasteel LS
layer/Mo/42CrMo4) is very similar to that of case of the composite system A. This result confirms the

deposition of molybdenum.

3.3. Micro-hardness

The curve of the hardness profile of the sample coated with the composite systems A (Mo
bond coat/42CrMo4) & B (steel (Sprasteel LS) layer/Mo/42CrMo4) are presented in Fig. 3. In the
system (A), there are two pseudo-levels: The first stage corresponds to a high hardness (540Hv —
480Hv) and corresponds to the deposit of molybdenum, which has a high hardness. The second
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Fig. 2. XRD diffractogramme of: the composite systems: A (Mo bond coat/42CrMo4) & B (Sprasteel LS layer/
Mo/42CrMo4)

stage is limited in the following interval (350Hv — 240Hv). This last stage is characterized by a
slight decrease in hardness to the heart of steel. Between these two stages, there is a hardness drop
of 480Hv to 350Hv.

For the micro-hardness of composite systems B (Sprasteel LS layer/Mo/42CrMo4), we notice

the same variation in micro-hardness as shown in Fig. 2. but with slightly higher micro-hardness
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Table 4. Change in micro-hardness depending on the thicknesses of the carburizing layer

Micro-hardness (HV) of composite systems
Area layer A B
4 Mo bond coat/42CrMo4 Sprasteel LS layer/Mo/42CrMo4
Coating deposit 540Hv 735Hv
Near the interface 344 to 495Hv 370 to 660Hv
BOD
0 — A

% T00 = -8
=5 600 1
a .
25001 "
5 X
& 400 - %
B 300 - b S SN
=2 T
s 200 4

100 4

0+ . ; , , !
Q = 10 15 20 25
Depth/mm

Fig. 3. Micro-hardness (HV) of composite systems A (Mo bond coat/42CrMo4) & B (Sprasteel LS layer/
Mo/42CrMo4)

values compared to the previous case. In the latter case, the hardness of the deposited metal is higher
(735Hv), which shows the difference between the two deposits systems. Consequently, the deposition

of molybdenum by the use of a bonding layer of steel gives a harder deposition [8].

4. Cownclusion

Based on the obtained results in the present investigation, the following conclusions can be
written:

1) It has been shown that during the process of fame wire spray, a slight local diffusion of
molybdenum has occurred with steel. This diffusion is justified by the decrease in the concentration of
molybdenum from the surface to a certain depth. The temperature is the most important parameter in
this coating process since this local diffusion is above all a thermally activated phenomenon.

2) SEM observation showed the presence of pores inside deposited molybdenum.

3) The micro-hardness of Mo coating deposited in the present study is higher than that of the
substrate. The mechanical properties have improved a lot, in the deposition area, at the interface
and near the interface where 312Hv (composite system A) and 315Hv (composite system B) were

recorded.
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