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Abstract - The water hardening tool steel (W1) works splendidly where there are little parts and low temperatures. The low 
composite substance of the water-hardening instrument prepares yields scarcely any compound carbides and, in this manner, 
lower wear resistance appeared differently about even more significantly alloyed mechanical assembly prepares. The tool wear can 
likewise prompt disappointment, which thusly can prompt genuine harm, improve, and rejected parts. So Coating innovation was 
considered for improving the wear properties of w1 tool steel to forestall issues like vibrations, helpless surface completion, and 
device breakage. The metal covering is made utilizing a blend of Al2O3 - TiB2. A covering with high hardness material is covered on 
W1 tool steel to improve the wear properties. The base material is covered with various thicknesses of the covered material via air 
plasma splashing process with shifted covering process boundaries to recognize the best blend of the procedure boundaries which 
brings about better execution covering. The exhibition is evaluated by directing the pin on disc wear test for coated and uncoated 
examples.  
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1. INTRODUCTION 
 
      Water-solidifying (or) hardening tool steels are likewise called group W tool steels. This social event includes three sorts, to 
be explicit, W1, W2, and W5. The rule alloying part found in bunch W tool steels is carbon. The water solidifying instrument 
prepares are either high carbon tool steels or extremely low-composite carbon tool steels. The low composite substance of the 
water-cementing tool steels yields scarcely any compound carbides and, thusly, lower wear resistance and hardness appeared 
differently about even more significantly alloyed mechanical assembly tool steels. To grow the wear restriction and 
hardenability of the W prepares, a humble amount of chromium can be incorporated. By including vanadium, the grain size is 
kept up, which improves the quality of the tool steels [1]. W-tool steels are up 'til now sold, especially for springs, yet are 
significantly less commonly used than they were in the nineteenth and mid-twentieth several years. This is deficient because 
the W-steels curve and break generously more during quench than oil-doused or air setting steels. Thus, these surface 
medicines are not befitting for specific applications and along these lines, they are secured for specific applications. There are 
distinctive surface treatment advancements to improve hardness, consumption, and wear opposition to water solidifying 
apparatus steel. These systems have three groupings: mechanical, physical, and substance strategies, which are described 
according to the advancement instrument of the layer on the material surface. Thermal showering is a physical technique, a 
method where materials are thermally condensed into liquid dots and influenced excitedly to the surface on which the confined 
particles stick and unite. Air plasma splashing is a critical mechanical strategy for preparing cautious coatings to improve the 
presentation of the part. 
 

2. MATERIALS 
 

2.1 Water hardening tool steel (W1):  
 

The W group includes three sorts, to be explicit, W1, W2, and W5 [4]. Financially unadulterated water solidifying instrument 
steel (W1) was utilized as the covering substrate. The synthetic creation of the substrate is given in table 1 [4]. 
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Table -1: Chemical composition of w1 tool steel 
 

Element C Mn Si Cr Ni Mo W V Cu P S 

Content (%) 0.70-1.50 0.10-0.40 0.10-0.40 0.15 0.2 0.1 0.15 0.1 0.2 0.025 0.025 

 

Water solidifying device prepares are conveyed with different ostensible carbon substances reaching out from 0.70 to 1.50%. 
Carbon content is a fundamental factor in choosing properties and warmth treatment response. 

 

2.2 Aluminium oxide (Al2O3) 
 
Aluminium oxide (or) alumina (Al2O3) finds uses in the guideline of strong and high-temperature conditions. The high 

hardness of alumina gives wear and scraped area obstruction. The high "hot" hardness of alumina has provoked applications as 
tooltips for metal cutting and abrasives [5]. This is one of the art materials which have high warm opposition. The mechanical 
properties improve basically when Al2O3 is used as a covering compound. 

 

2.3 Titanium diboride (TiB2) 
 
 TiB2 is the steadiest of a few titanium-boron blends [6]. So also, similarly as with other to extraordinary degree covalently 
reinforced materials, TiB2 is impervious to sintering and is for the most part densified by hot pressing or then again hot isostatic 
crushing [6]. As a result of its high hardness, unimaginable softening point, and compound inertness, TiB2 is an opportunity for 
different applications. High hardness, moderate quality, and extraordinary wear obstacle make titanium diboride a competitor 
for use in wear parts and, in composites with various materials and cutting contraptions [6]. TiB2 is a non-oxide earthenware 
material with low warm conductivity. The mechanical properties, especially hardness, can be in a general sense improved when 
TiB2 covering is used as a composite. 
 

3. METHODS 
 

3.1 Atmospheric Plasma Spraying 
 
      The coatings were readied utilizing Atmospheric plasma splashing is a procedure that can change the surface morphology 
and science. At this moment, the plasma stream is used at high temperatures to broaden particles toward a concentrated on a 
surface on which the particles meld. Here the covering compound is made utilizing the covering particles Al2O3 and TiB2. The 
covering powder of aluminum oxide Al2O3 is taken up to 70% and titanium diboride TiB2 is taken up to 30%. The substrate of 
water solidifying device steel is cleaned utilizing CTC before covering. After that framework impacting process is liked, it might 
be where grating particles are revived and powerfully organized against a surface. These fast grating particles expel 
contaminants from the material's surface and condition the surface for ensuing wrapping up. The procedure boundaries for 
environmental plasma splashing strategies introduced in table 2. 
                                                                                             

Table -2: Atmospheric Plasma Spraying process parameters of different coatings 
 

Parameters Sample 1 Sample 2 Sample 3 

Current (A) 620 620 620 

Voltage (V) 65 65 65 

Powder feed rate (g/min) 25 25 25 

Spray distance (cm) 9 9 9 

Thickness (µm) 100 200 300 

 
According to the writing, the staggering parts which are having more effect on covering properties in the plasma sprinkling 

process were perceived.  
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They are according to the accompanying:  

(i) Current (A);  

(ii) Spray distance (cm);  

(iii) Powder feed rate (g/min).  
 

4. RESULTS AND DISCUSSION 
 
4.1 Wear test 
 
 A pin-on-disc mechanical assembly was used to survey the wear execution of coated and uncoated examples. According to the 
ASTM G99 standard, the test was finished using a pin diameter of 10 mm and 30 mm long made of W1 tool steel. Here three 
particularly coated examples and the uncoated example were accustomed to coordinating the wear test. The secured pins were 
made to slide instead of a hover made of Harden Steel (62–65 HRC). The examples were affixed firmly in the pin-on-plate 
contraption and from that point on the dead weight was applied by a switch framework to press these examples against the 
turning circle of 100 mm in diameter. Wear obstruction tests were finished with a normal load of F = 20 N for a sliding length of 
l=l005 m at a sliding separation of V = 200 r/min. A consistent load of 20 N was applied for each test. The wear rates were 
resolved from condition W = V / (F × l). Where W is the wear rate in mm3 / (N × m), V is the volumetric wear misfortune volume 
in mm3, F is load in N, l is the sliding separation in m. The mass of a substrate is gotten when the wear test by using an electronic 
adjustment. Finally, the wear volume of hardship was procured by normalizing the weight decrease. During the wear test, the 
reliable temperature of 100 °C is kept up while sliding (or) wear time is 20 minutes.  

 
Fig -1: Pin-on-Disc tribometer of wear test 

 
      The pin on disc wear test for both uncoated and coated examples completed according to ASTM standard G99 and is 
appeared in the underneath table 3, individually. 

 
Table -3: Test report of pin-on-disc wear test 

 

 

S.NO 

Samples 

(in terms of thickness) 

Wear rate 

( mm³ / Nm) 

coefficient of friction 

 (COF) 

Temperature 

(ºC) 

1. uncoated 8.083× 10-6 0.82354 100 

2. 0.1 mm 5.134× 10-6 0.58729 100 

3. 0.2 mm 3.541× 10-6 0.91558 100 

4. 0.3 mm 1.905× 10-6 0.94646 100 

  

 The wear resistance of covered examples is improved when contrasted and the uncoated example. Especially the 0.3 mm 
covering has better wear restriction when contrasted and two other covered examples. The model 0.2 mm and 0.3 mm has a 
higher wear restriction than Sample 0.1 mm, and has a higher coefficient of contact (COF). During the development of coatings, 
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the internal structure of coatings may change. For coatings, all around, the grain size augmentations with extending film 
thickness. The better wear resistance with a higher coefficient of disintegration is sensible for hardcore applications [7]. Among 
the three covered examples, the 0.1 mm covered example has may show better wear resistance and more diminutive thick 
covering. 

The impact of coating thickness on the wear rate is shown in the following chart 1. 

 

Chart -1: Impact of coating thickness on the wear rate 

 
The wear rate and coefficient of friction for covered examples completed according to ASTM standard G99 and are appeared in 
charts 2 and 3, individually. 
 

 

Chart -2: Wear rate for coated specimens 

 

Chart -3: Coefficient of friction for coated specimens 
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5. CONCLUSION 
 
The wear rate for plasma-sprayed Al2O3 and TiB2 coatings on W1 tool steel has been increased. The outcomes show, that wears 
rate for plasma-sprayed Al2O3 - 30%wtTiB2 coating relies upon coating thickness. Among the three covered examples, the 0.1 
mm covered example has may show better wear resistance and more diminutive thick covering. The better wear resistance 
with a higher coefficient of disintegration is sensible for hardcore applications. 
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