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ABSTRACT
PurposeThe objective of this paper is to fabricate a aaadf Ni-WS-Al,0;0n SS304 substrate by fibre laser.

Design/Methodology/Approach The SS304 samples were cladded at different leladding parameters. Effect
of the coating parameters on the microstructunefase morphology and chemical composition of thbstrates were
analysed by means of scanning electron microscogeskectron dispersive x-ray spectroscopy. Vanmtio the friction
and wear characteristics were studied by a pineise apparatus, in ambient air. Clad thickness maasured under

optical microscope.

Findings-A good metallurgical bond existed between the sabstsurface and the composite coating.
Microhardness of the specimens metamorphosed t®&B89 s from 131.5H\4 5 which is approximately three times of the
SS304 substrate due to the presence of ha@;phrticles. The wear and coefficient of friction wa$ of the specimens
reduced to almost 9 um which is approximately d8%e wear value of the parent material (306.7fon)180 seconds

time duration which is attributed to variation asér power and scan speed.

Originality/value -The paper is aimed at improving the hardness dghdlagical properties of SS304 by laser

cladding techniques so as to reduce the weariggafs and turbine blades made up of this material.
KEYWORDS: Surface Engineering, Laser Cladding, Friction, Wi#icrohardness
INTRODUCTION

The components of the machines have to withstagd t@mperature and extreme pressure which resulfsei
wear of components. (Wang et al, 2008; Peng andyKafd14). As a result, the reliability and preaisiof machine
systems is degraded due to the wear. Some comporsap functioning due to the major surface damage
(Peng et al, 2009; Peng et al, 2010; Peng, 20&2hd industrial applications special surface prige such as hardness,
resistance to wear and corrosion etc are ofteninejbby machine parts to work smoothly and effitdigrBut the cost of
such metal alloys is generally very high and th&t elution is the fabrication of hard and weaisteég coatings on these
parts by certain surface engineering techniq@asto, L. 2008)The surface modification technologies such asnite
vapour deposit (CVD), ion implantation and therragidation, physical vapour deposition (PVD), thelsaray, plasma
coating, and laser ablation or surface texturing @zcrease the wear resistance of industrial moviogponents
(Wang et al, 2008; Peng and Kang, 20Rdng, 2012; Bahrain et al, 2016ader cladding is beneficial in terms of smaller
heat affected zone, localized heating and fastelirgprate, and thus produces much better coatitiy minimum dilution
and distortion of work piece and weld be@8hargava et al, 2014Quintino, et al, 2007; Kinoshita et al, 2006; Salem
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10 Deeksha Srivastava & Gurudugingh

et al, 2010; Kawabhito et al, 2007; Canning et a0&Xhalid et al, 2009). It also provides a high degoé purity in
treating implant surfaces(Sami et al, 2011). Alssel treatment lowers corrosion current and imp@oeerrosion

properties of treated specimens(Yilbas et al, 2015)

The maximum carbon content in grade 304 stainlesd s 0.03% which eliminates carbide precipitatiehich
may occur due to welding. This characteristic eesithis alloy to be used in the welded conditiorenein severe
corrosive conditions. Stainless steel also possesseellent fatigue resistance. (Boudi et al, 200B¢mical processing,
oil & gas industries are the most demanding indesstthat use stainless steels. Stainless stetdaswadely used for its
heat resisting and corrosion resisting qualitieshim steam and gas turbines. But its use is readrim certain moving
components due to poor hardness and low wearaesist_u et al, 2015) The gears and turbine blades made of stainless
steel wear out faster hence to overcome these gl self lubricating and anti wear coatings arpodited on the
stainless steel through laser cladding. Such cgatiend to extend the life of critical componetike kurbine blades by

improving its properties, reducing cost and enguliatter service condition¥dlsecchi et al, 2012).

A wide variety of coatings can improve hardnesgrgjth and the wear resistance of a substratentkdg them
suitable for use in the industrial applicationsa(lg et al, 2009; Zhang et al, 201&)this research, the coatings composed
of Ni-WS, Al,Ozis obtained on SS304 substrate surface through sastace technique and the different propertiethef

coated surface have been evaluated.

EXPERIMENTAL DETAILS

Sample Preparation

Cylindrical SS304 rods of diameter 6mm and lend@tbBim cut by wire electrode discharge machine weesl
as the substrate. The substrates were cleaneceétbne before carrying out the cladding processrtmve contaminants
(Lu et al 201%.The coating material Ni-WS Al,O; is taken in powder form whose morphologies arewshdn
Figure 1, 2 and 3 respectively. The chemical contiposof the Ni-WS -Al,Osis shown in Table 1 and the particle size of
the powder was in the range of 0.2~50um. The powges preplaced on the stainless steel substratbstia help of
4wt% of poly vinyl alcohol (PVA), which acts as arganic binder. The coating thickness was 0.8 mdhtha specimens

were baked for two hours at 40°C.

Table 1: Chemical Composition of Ni-W$- Al,Os; Powder

Elements | Weight %
Ni 60
WS, 37
AlL,O; 3
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Figure 1: Morphology and Chemical Composition of NiPowder
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Figure 2: Morphology and Chemical Composition of WS Powder
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Figure 3: Morphology and Chemical Composition of AJO; Powder

Experimental Set Up

The experimental setup consists of following units:

e Fibre Laser system(SPI make, 400W)
*  Chiller unit

» Laser head(precitec, Germany)

* XYZ CNC Stage(Siemens)

* Argon gas cylinder
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Figure 4: Experimental Setup for Laser Cladding

Experimentation

A 400W continuous wave fibre laser was used foryoag out the cladding and the parameters seleste;
100-180W laser power, 240-420 mm/min scanning sp@eldaser beam of spot diameter of 1 mm. Argonagd® I/min

was purged to provide the shielding of clad zone.

The morphology and microstructure of the laser dilagl was evaluated through SEM. The friction andmef
the clad and unclad samples were tested on pir-disc apparatus which consisted a disc of EN3106frhim diameter, 8
mm thickness and track diameter 75mm, at the Idatkgf for 180 seconds. The coefficient of frictiovas calculated
from friction torque and normal load appliedh@ng et al, 2008fheir microhardness was measured using a HVS-1000
Vicker microhardness tester at 0.5 kgf load andlidivee of 10 seconds. The process parameters btadned results are
listed in Table 2. Every experiment was repeategtethtimes, and averaging of test results was ahpN&hile
experimenting it was seen that large globules vi@m®ed and powder was not completely melted at Bjgged and large
thickness of powder mixture. Hence it can be séwt better coating can be obtained by providindh lpgwer and

maintaining less scanning speed and thicknesssdimples cladded at different laser powers are showigure 5 below:

Impact Factor (JCC): 3.8967 NAAS Rating:30



Production of Hard and Wear Resistant Coating Throwgh Laser Surface Engineering

Table 2: Process Parameters and Obtained Results

13

1 100 240 281.3 25 0.70
2 100 360 228.5 63 0.67
3 100 420 205.7 44 0.62
4 140 240 310.4 79 0.72
5 140 360 344.5 36 0.68
6 140 420 252.8 56 0.63
7 180 240 380.6 9 0.74
8 180 360 354.1 45 0.71
9 180 420 372.2 89 0.65
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Figure 5: Different Laser Cladded Samples
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RESULTS AND DISCUSSIONS

Coating Thickness

Figure 6: Optical Image of Clad Thickness
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Figure 7: Variation of Clad Thickness with Power aml Speed

The clad thickness was measured by optical micpescAn improper coating of the samples can be seéme
optical image depicted in the Figure 6 Gas evofutian be accounted as a reason for the non untfoohihe cladding
thickness. A clear clad surface without pores capoliserved from the image. Effect of laser propasameters i.e., power
and scan speed on clad thickness can be obser¥égure 7. It can be seen that the clad thickneslirectly proportional
to power whereas it is vice versa for in case ahsspeed. Higher laser power is responsible foeratard thickness as it

causes maximum depth of the pool melting of thesate.

Microstructure and Chemical Composition
a) FESEM Images

The FESEM images produced in experiment no. 7,cblaare indicated in Figure 8. No cracks and pores
observed in the images. Track diameter in pin-age-d@ taken as 75mm hence corresponding wear sasd high as
larger track diameter means more time substraite ssirface contact with wear disc and hence moenaods of wear is
possible. The SS304 substrates are coated witl®WNim%), WS(37 wt%), ALOs(3 wt%). The thickness of the coating
was 0.8 mm. The samples were cladded at differeweps and scanning speeds and tested for frictidnvaear at 1kgf

load and 200 rotational speed.

Impact Factor (JCC): 3.8967 NAAS Rating:30
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10 m EHT = 5.00kV Signal A = SE2 Date A7 Mar 2016 ﬁ

10 pm EHT = 5.00 kV Signal A= SE2 Date :17 Mar 2018 ZEISS
WD = 7.4 mm Mag= 1.00KX Time :10:38:34 H WD = 8.1 mm Mag= 1.00KX Time 10:30:11

Signal A= SE2 Date :17 Mar 2016

EHT = 5.00 kv Signal A= SE2 Date :17 Mar 2016
Mag= 1.00KX Time 110:63:17

WD = 74 mm Mag= 6.00KX Time :110:42:07

10ym EHT = 10.00kV Signal A= SE2 Date 20 Mar 2016 1pm EHT = 10.00 kv Signal A = SE2 Date :17 Mar 2016
WD = 59mm Mag= 1.00KX Time :16:15:24 H WD = 7.6 mm Mag= 6.00KX Time :11:46:54

Figure 8: FESEM Micrographs of Untested and Teste®urfaces: (a) and (b) at 180W and 240 mm/min,(c) an(d) at
140W and 360mm/min,(e) and (f) at L00W and 240 mmim

Figure (a and b)aser cladded at 180watt and 240mm/min, showsdestd untested F-SEM images of SS304.
Figure(a) shows uniform and mixed coating prepared byimgiNi(60 wt%),W$(37 wt%) Al,O3 (3 wt%) before testing
.Figure (b) shows, that W®eing softer and havinlamellar structure gets squeezed out from surfadegat smeared c
contact surfaces and deformed on application af ighich can be seen in images. Fig(zeand d) shows F-SEM images
of untested sample artdsted substrate, cladded at 140 watt ancmm/min, microridges are seen in images due
improper coating. Cracked surfatsyer, due to heavy load application and high fotal spee (200 rpm) is seen.
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Figure (e and f) shows untested and tested imdass; cladded at 100watt and 240mm/min. Figuresi{fws fracture
lines present in images, patches of M&8d sliding wear at different places on imagesatiag still remains intact in
overall region however some part of coating appbedsubstrate has deformed due to applied loadshdihg speed

condition.
b) EDAX Analysis

The chemical composition of coatings was determmmethe EDAX analysis. Figure 9 and 10 show thentbal
characterization of worn and unworn sample claddelBOW and 240 mm/min and 140W, 360mm/min respelgtiin the
worn sample cladded at 180W and 240mm/min the Nieott is 10.57%,W is 12.45%, S is 0.74,Al is 3.44846 oxygen is
31.19% whereas the weight% of Ni, W, S, a&id O in the unworn sample cladded at 140W and 360mm/isin
4.87,6.45,0.25,5.21,34.65 respectively.

Vapourisation at high temperatures can be a reafsthe low sulphur content in above samples.

y : s i i i 2 i g & 10 12 14
Tmm ! Electron Image 1 Full Scale 43423 cts Cursor: 0.000

Fmm Electron Image 1 Full Scale 49423 cts Cursor: 0.000

Figure 10: EDAX Image of Unworn Sample Cladded at 40W and 360 mm/min
Wear and Friction Measurement

Wear and friction testvas performed on a pin-on-disk apparatus in amtiénperature. A EN31 disc of diameter

100 mm was used for conducting the test. A loatl kgf, a fixed rotation speed of 200 rpm, and 18€osds as test time

Impact Factor (JCC): 3.8967 NAAS Rating:30
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were set as the parameters of the apparatus.

350

—+—(1) 180W, 240 mm/min
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(3) 100W, 240mm/min

WEAR (um)
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Figure 11: Variation in the Wear Rate of Laser Cladled Ni-WSAl,O3; Surface with Time

Wear resistance was performed on a pin-on-diskrapysain ambient air. The wear test results arsgmted in
the form of power versus wear rate at differenesisan Figure 11Prior to the testing for wear and friction, the @pgens
were ground and polished with acetone. A EN31 digkc a diameter of 200 mm was used for testing. pammeters of
the apparatus were set as an applied load of lakgfed rotation speed of 200 rpm of the workberartd 180 seconds as
test time. The wear graph increases initially beeaof greater asperity to asperity contact betwhermating surfaces

(Zhang et al, 2008). However it becomes constdat abmetime

The coatings have resulted in wear reduction oftHistrate upto a great extent. The wear of sampléreduced
to 9um which is approximately 33 times of the stdist whose wear is 306.7 um at the same conditériead and

rotational speed, and is comparable with the weaerated by polymers.

Figure 12 shows variation in friction coefficient samples cladded at different parameters aftdergifit time
intervals. The coefficient of friction of the fowoatings are lower than the coefficient of frictiof the substrate
(zZhang et al, 2008)

——(1) 180W, 240 mm/min

)
(3) 100 W, 240 mm/min
(4) 140W, 360 mm/min
(5) PARENT MATERIAL

FRICTIONAL FORCE(N)
L T T L ¥ I - S R - R V-

—-(2) 100W, 420 mm/min

0 50 100 150 200

TIME(s)

Figure 12: Variation in the Frictional Force of Laser Cladded Ni-WS,;-Al ,O3; Surface with Time
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3.4 Microhardness
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Figure 13: Microhardness Profile of Laser Clad Ni-W5,-Al ,05; Coatings

Figure 13 shows microhardness profile of laser dMieWS,-Al,O; coatings. It can be clearly seen that
microhardness of the coating cladded at 180W l|pserer is highest which is 380HV and is approximatbiree times
higher than that of base material. The additiomard ALO; particles account for the increase in microhardrdshe

cladded samples although the®@d was added in a very small amount.
CONCLUSIONS
The following conclusions can be drawn from aboxgegiments:

Ni-WS,-Al,0O; coatings were successfully fabricated on SS304idvg laser laser at various laser powers and
scan speed. The solid lubricating performance of W®esponsible for reducing the wear and coeffica friction of the
coatings upto a great extent. The highest cladmigiss 0.74mm is obtained at power of 180W and 2ddnmm scan speed
which may be attributed to greater melting of thegmt material at higher power.
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