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 Background: In this paper, wetting behavior of textured carbide and steel surfaces 

have been studied in order to investigate the effect of different patterns. Several simple 

textures have been fabricated by the straight groove grinding wheel. By micro-
structuring various spacing and height of the structures, we investigate the role of 

topography in terms of wettability characteristic. The change of wetting behavior has 

been tailored by grinding operation using straight grooved wheel and evaluated in terms 
of contacts angle measurement. Contact angles were measured by Droplet 

Angelometer. The results shows that this kind of texturing can alter the hydrophobic 

tendency but not very significantly after grinding process. It was found that although 
the hydrophobic nature has been enhanced by texturing for carbide material, it acts 

opposite in case of steel material. Moreover, the roughness of textured surface tends to 

increase with the texturing as well. Therefore, some of the texturing by grinding 
process seems effective for carbide material to enhance hydrophobic nature. In 

addition, it is also found that similar type of texturing may cause different effect on 

different material. 
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INTRODUCTION 

 

  Surfaces containing regular features or grooves 

are found to provide different advantages in regards 

of tribology effect. These texturing or features can be 

done using different techniques like diamond turning, 

rolling, embossing, etching, vibro roll milling and 

EDM. During past few decades, the understanding of 

specially textured surface phenomena, particularly at 

a micro- and nanometer scale, has contributed a 

fundamentally significant role in the development of 

several advanced arena, such as: electronics, 

information technology, energy, optics, tribology, 

biology, bio-mimetic, etc. Moreover, acceleration 

towards miniaturization has also been perceived, 

with a vast technological advancement in the area of 

micro-fabrication. In addition to that, it has been 

observed that the functional manipulation of several 

physical phenomena becomes more and more 

imperative with the reduction of dimensions. The 

availability of technologies that permit the 

manufacturing and control of micro/nano-surface 

features is another key issue for miniaturization and 

several techniques are currently available to create 

surface features with sizes in the micrometer range. 

Since the manufacturing of features on the nanometer 

scale is quite challenging, it has also been the focus 

of intensive research and development for past few 

years. 

 Among different surface phenomena, surface 

wettability gets the highest attention recently and is 

largely dependent on surface topography produced 

by surface texture. It is basically the process of 

making contact when liquid spreads on a solid 

substrate and it can be estimated by contact angle 

whose magnitude is governed by the surface free 

energy and morphology. A surface is defined as 

wettable one when θ is between 0⁰ and 90⁰ and 

greater than 90⁰ is defined as non-wettable surface. 

Recently, researches on the surface wettablity 

behavior have intrigued our interest on what surface 

topography has to fulfil to induce hydrophobicity or 

hydrophilicity in contact with a liquid phase. In 

general, for a known material, the surface free energy 

and surface roughness are two major factors to 

influence the surface hydrophobicity. In the case of 

surface roughness, the hydrophobicity of the surface 

can be altered by the combination of micro-nano, 

binary structures (Nosonovsky et al., 2008). The 

surface free energy can be modified by altering the 
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chemical composition using nitriding reaction and 

new alloying elements. In order to accomplish this 

enhancement of hydrophobicity, several techniques 

were proposed (Yilbas et al, 2013). However, some 

of these techniques involved multi step processes and 

harsh condition or required specialized reagent and 

equipment. Few researchers investigated the 

influence of surface wettability on different textured 

alloy materials. Methods like lithography, 

sublimation, differential etching, ion beam pattern, 

sol-gel processing, plasma treatment, electro 

spinning and laser texturing were attempted to 

modify the surfaces. The micro or nano texturing of 

surfaces experienced several challenges, however, 

laser texturing is proved to be one of the extensively 

studied methods in this area. Regular periodic 

structures have been obtained by some of the authors 

using nanosecond, and femtosecond pulsed laser 

(Stratakis et al., 2009, Edward et al., 2008). The 

expected properties for a hydrophobic surface cannot 

always be obtained unless precise design and control 

of the solid surface are applied. Fewer authors also 

have attempted to achieve super hydrophobic 

surfaces using combined laser texturing with 

chemical changes. Despite of fewer advantages of 

the laser process, high stress fields may develop 

during the process due to the high temperature 

gradients, which consequently causes thermally 

induced crack at the ablated surface. Among the 

recent works, most of the researchers aimed to alter 

the tribological properties are focused on laser 

process mainly (Zorba et al., 2006). Little attention 

has been given to the study on the surface texturing 

by using abrasive processes. However, it is required 

to use the potentially promising process for selective 

surface texturing. In comparison with other surface 

texturing processes by conventional techniques, this 

study focused on the specially textured grinding 

wheel which is very promising for machining 

microstructures. The advantage of this proposed 

method lies in the customization of wheel based on 

the required texture on the surface. In this study, 

single step texturing of steel and carbide material 

using specially designed grinding wheel is 

demonstrated. Using several grinding techniques, 

different textures has been fabricated and their effect 

on wettablitiy property has been demonstrated. 

 

Experimental Details:  

Sample preparation: 
 Steel and carbide work piece of 18 mmx18mm 

x5 mm dimension are used as specimen. 

Electroplated textured wheel of 14mm width and 250 

mm diameter is used for the grinding operation. For 

changing the grinding direction, different angle bars 

were used. During grinding, 5% by volume of NC 

21A lubricant mixed with water at a flow rate of 

177cm3/s is supplied via single nozzle (diameter 3 

mm) at 20°C. Grinding wheel was balanced using 

Sigma Electronic SB-7002 balancing machine. The 

wheel is considered balanced when the recorded 

imbalance is less than 0.2μm. Wheel is also cleaned 

via jet of coolant after every experiment. Fig:1 gives 

the image of experimental set up. 

 

Texturing: 

 Grinding operation has been done on the work 

piece surface using straight grooved electroplated 

CBN grinder. RPM 3000 was used during grinding 

and 1000 mm/min feed rate was chosen as well. For 

each step, 5 micron depth of cut was used. Okamoto 

surface grinder (Okamoto ACC-63DXNC) was used 

to carry on all the operation steps. Finer texturing has 

been done using the Electroplated straight grooved 

grinding wheel with offsetting distance of 0.5mm. By 

offsetting we mean after one pass of grinding, the 

wheel is moved further 0.5mm in horizontal direction 

and then again grinds the surface for same depth of 

cut. As a result of two steps grinding, finer channel 

can be ground. Here, plain horizontal, cross pattern, 

45 angle pattern, 45 angle cross pattern have been 

used to texture the surface. 

 

 
 

Fig. 1: (a): Experimental Set Up. 
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Fig. 1: (b): Experimental Set Up-Wheel Offsetting. 

 

Charectarization: 

Surface Topography: 

 Since surface morphology plays considerable 

impact on the wettability, samples were observed 

using digital microscopy (VH-800, Keyence) and 

surface profiler (Taylor Hobson Pofilometer). 

Optical images at different magnification over 

several locations on every sample were taken to 

examine the micro scale topography of the surface. 

 

Surface Wettability:  
 The contact angle was measured by Droplet 

Angelometer using an optical subsystem with high 

resolution camera to capture the profile of the pure 

liquid on the solid surface. Droplet of 2mL of water 

at the ambient temperature of 25°C was deposited on 

the surface through the fine needle. The outline of 

the droplets was recorded and analyzed. For each 

sample, every measurement was done 3 times on 

different locations and average value was used. 

 

  
(a)Horizontal texturing (b) 45 angle texturing 

  
(c) Cross 90 angle texturing (d) Cross 45 angle texturing 

 

Fig. 2: Optical image of textured surface on Carbide. 

 

 Fig.2 and 3 shows the optical images of the 

different patterns fabricated on the carbide and steel 

surfaces. It is quite implausible to maintain the exact 

depth of cut in micro level for changed set up, 

especially in case of the cross grinding where the set 

up needs to change the orientation. Roughly 30 to 40 

micron depth of cut has been maintained for all the 

case as shown in Fig.4. Further profile shape of these 

textured surfaces has been provided in the Fig. 5. It is 

observed from Fig.5 that higher peak from the profile 

indicates the unground area, whereas the valley area 

indicates basically the textured or grounded part. 

Roughly these images give the primary profile of the 

textured surface in 2D format. 
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(a) Horizontal texturing (b) 45 angle texturing 

 
(c) Cross 90 angle texturing (d) Cross 45 angle texturing 

 

Fig. 3: Optical image of textured surface on Steel. 

 

 
 

Fig. 4: Measured depth of cut. 

 

 The morphologies of these structured surfaces 

are basically defined by the spacing between two 

consecutive hatches along with the width of hatch. 

An imperative feature to notice in Fig.2 and 3 is that, 

grinding basically is capable of generating 

morphologies of different size and height which 

could be interesting for wettability studies. The size 

of square feature generated for cross grinding is 

roughly 200x 300 micron. The gap between the lines 

is 2mm as predefined by the wheel dimensions and 

design. 

 Fig.6 shows the overall picture of the textured 

surfaces. The microscopic images are provided in the 

Fig.6 and Fig.7 which show that the grooved wheel 

creates much finer and denser grinding features. 

From Fig.7 (a) it is evident that the horizontal 

grinding marks prevail on the surface. Tiny part of 

chip is also found at different location of surface 

which probably pasted back on the surface. For steel 

material, pasting of chips is found to be higher than 

carbide material. Since the gap between straight 

grooved wheel does not participate in the cutting 

process, there is always a possibility of remaining 

some traces of debris re-solidified on the un-

machined layer along with surface defects such as 

cracks, voids etc. This phenomenon of tiny chips re-

solidification is almost evident in case of all the 

patterns from Fig 7(a), (b), (c) and (d). This tendency 

is more frequent in case of steel material. Therefore, 

this phenomenon explains the reason behind the 

higher roughness for steel surface than carbide in the 

Fig: 8. In case of Fig 7(c),(d) and Fig.8 (c) ,(d) three 

different zones are existed, un-machined part, single 

direction ground area and cross direction ground 

area. Un-machined part is not generated by this 

wheel rather it has been done by the supplier. 
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(a): Horizontal hatch 

 
(b): 45 angle hatch 

 
(c): Cross 45 angle hatch 

 
(d): Cross 90 angle hatch 

 

Fig. 5: Profile on carbide material. 

 

 An increase in the surface roughness (arithmetic 

average Ra) has been observed from non-textured to 

textured surface from Fig.9. It is also found that this 

roughness is higher for steel surface than carbide 

.The hydrophobicity of the solid is enhanced by the 

surface roughness usually. However, the degree 

depends on the surface shape. Therefore, an 

additional function can be added to the hydrophobic 

surface by designing a roughness shape which has 

not been considered in the Cassie and Wenzel model 

for contact angle. However, as a first approximation, 

Wenzel and Cassie’s equations are applicable to the 

relationship between solid surface and wettability in 

many cases (Nakajima, 2011). According to Wenzel 

model, the liquid is presumed to be completely 

wetting the mutual interface, which makes the 

hydrophobic surface more hydrophobic and the 

hydrophilic surface more hydrophilic (Wenzel et al 

1936). On the other hand, according to Cassie-Baxter 

model, air can be trapped on the rough surface under 

the liquid which leads the surface towards more 

hydrophobicity (Cassie et al, 1945). 

 Fig.10. and Fig.11 gives the wetting tendency of 

the surface with various patterns. It is interesting to 

perceive that for steel material, with the texturing 

effect, contact angle tends to decrease which 

indicates more hydrophilic tendency of the surface. 

This phenomenon of angle reduction could be 

addressed with the following explanation. It has been 

found that when smooth surface is textured with 

patterns, its contact angle tends to decrease; this is 

because of the increment of its slip length. However, 

the main reason for this higher slip length on the 

textured surface is that the interfacial solid-liquid 

contact area gets reduced. 
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(a) Horizontal Texturing 

 
(b) 45 angle texturing 

 
(c)Cross 90 angle texturing 

 
(d) Cross 45 angle texturing 

 

Fig. 6: Optical Image of the textured surface. 

 

  
(a)Horizontal textured surface 
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(b)45 angle textured surface 

 
(c) Cross 45 angle textured surface 

 
(d) Cross 90 angle textured surface 

 

Fig. 7: Morphology of carbide surface. 

 

 
(a) Horizontal textured surface 

 
(b) 45 angle textured surface 
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(c)Cross 45 angle textured surface 

 

 
(d)Cross 90 angle textured surface 

 

Fig. 8: Morphology of steel surface. 

 

 
 

  Fig. 9: Comparison on roughness for various patterns. 
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Fig.10: Variation of Contact angle 

 

 
(a) Un-textured (b) Horizontal texturing 

 
(c)Cross 90 angle texturing (d) 45 angle texturing 

 
(e)Cross 45 angle texturing 

 

Fig. 11: Static contact angle of different carbide surface. 

 

 The air remains trapped in the cavity region. 

Since the air exerts very little shear resistance 

velocity of the liquid flow than the wall, the average 

velocity of the liquid increases for the textured 

surfaces compared to the smooth surface. As a result, 

the slip length gets higher for the textured surface 

and the contact angle gets lower (Ashish et al., 

2009). On the other hand, in case of carbide, wetting 

tendency gets significantly lesser in case of 45 angle 

and cross90 angle textured pattern. In addition to 

this, horizontal patterning tends to make the carbide 

surface little more hydrophilic. Other than horizontal 

patterning, rest of the texturing pattern contributes 

towards the hydrophobic nature. When water droplet 

is dispensed on the textured surface, air is more 

likely to be trapped between peaks of the topography 

and the water droplets, which may reduce the 

probability of wetting tendency of water droplets 

(Beckford et al., 2011). Therefore, these results 

showed that contact angle on the textured carbide 
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surface seem comparatively larger than regular un-

textured surface. 

Conclusions: 
 In this paper, several textured patterns generated 

by grinding on carbide and steel surfaces have been 

explored to investigate their effect on the wettability. 

It was found that although the hydrophobic nature 

has been enhanced by texturing on carbide material, 

it acted opposite in case of steel material. Moreover, 

the roughness of textured surface tends to increase 

with the texturing as well. Therefore, some of the 

textured surfaces by grinding process seem effective 

for carbide material to enhance hydrophobicity. In 

addition, it is also found that similar type of texturing 

may cause different effect on different material. In 

future works, others texturing pattern and different 

wheel design will be explored. 
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