
 

 

 

 

 

Abstract — The main aim of this research work is to present 

the effect of coating on two different grades of grey cast iron 

using detonation spray method. Ni20Cr and Al2O3-13TiO2 

powders were sprayed using detonation gun onto GI250 and 

GIHC substrates and the results as well as coating surface 

morphology of the coating is studied by XRD and 

SEM/EDAX analysis. The wear resistance of Ni20Cr and 

Al2O3-13TiO2 has been investigated on Pin-On-disc tribometer 

using ASTM G99 standards. Cumulative wear rate and 

coefficient of friction (µ) were calculated under three normal 

load of 30N, 40N, 50N at constant sliding velocity of 1m/s. 

Worn out surface were analyzed by SEM/EDAX. The results 

show significant resistance to wear with Al2O3-13TiO2 coating 

as compared to Ni20Cr and bare substrates. SEM/EDAX 

analysis and cumulative wear loss bar charts clearly explain 

the wear behavior of coated as well as bare sample of GI250 

and GIHC. 

 

Keywords— Detonation Spray, Grey cast iron, wear rate, 

coefficient of friction. 

I. INTRODUCTION 

Wear of materials is generally the most important point of 

consideration in industry, which results in high economic loss 

to almost every industry. Two methods to prevent wear of the 

material is either using high cost alloys/metals or surface 

modification of the existing alloys and metals.[1] A new term 

‘Surface modification’ has come up in the last two decades to 

describe interdisciplinary activities aimed at tailoring the 

surface properties of engineering materials. The main object of 

surface engineering is to upgrade their functional capabilities 

keeping the economic factors in mind [2]. Variety of materials 

as well as a number of different commercial thermal spray 

procedures is available which have specific applications. 

Thermal conductivity of grey iron is good due to the graphite 

phase, which acts as excellent thermal conductor.  Graphite 
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flakes are interconnected and disposed in the form of plates, 

constituting an easy path for heat dissipation. Mechanical and 

thermal properties of cast irons may be improved through the 

addition of alloying elements. 

Higuera et al. (2002) [3] observed that modified NiCr coating 

thermal-spray projected using different procedures (flame, 

plasma, HVOF and HFPD) onto stainless steel specimens 

recrystallization processes take place and the hardness of this 

region decreases when these coatings are submitted to high 

temperature conditions, considerably. Zhong et al. (2006) [4] 

carried a research on laser alloying of NiCr alloy  to reduce 

the mixed fuel induced excessive wear of the cast iron engine 

cylinder liners, with powder feeding  performed to locally 

change both the composition and the microstructure of the 

liner. The research indicated that laser alloying of 75Ni25Cr 

on grey cast iron liner demonstrates sound alloying layers free 

of cracks and porosities. The relative wear resistance of the 

laser-alloyed 75Ni25Cr layer is 4.34 times of that of the grey 

cast iron. Habib et al (2006) [5] In his paper evaluated the 

porosity, phases, mechanical properties and abrasive wear 

resistance of ceramic layers of Al2O3/TiO2 deposited by flame 

spray process. According to the research, percentage of titania 

has a strong influence on the coatings porosity, as there is 

increase in titania content porosity will be reduced. Singh et al 

(2008) [6] studied two ceramic coating powders, Al2O3 + 

(40%)TiO2 and Cr2O3, These powders were deposited on AISI 

309 SS stainless steel by the HVOF spray technique, in order 

to enhance it wear resistance.  The as-sprayed coatings were 

characterized by XRD and SEM analyses. Subsequently, the 

sliding wear behavior of the uncoated, HVOF spray Al2O3 + 

(40%) TiO2 and Cr2O3 coated AISI 309 SS were investigated 

according to ASTM standard G99-03 on a pin-on disc wear 

test rig. Cueva et al. (2003) [7] studied wear resistance of 

three different types of gray cast iron (gray iron grade 250, 

high-carbon gray iron and titanium alloyed gray iron),used in 

brake disc rotors, and compared with the results obtained with 

a compact graphite iron (CGI). They carried out wear tests on 

a pin-on-disc wear-testing machine.   

Wear is the most common problem faced in various processes 

of industry e.g. wear in pulleys, brake drums, bearings clutch 

brakes, piston liner. In this research, the wear behavior of 

GI250 and GIHC has been studied. Wear of grey cast iron 

selected is faced in wire drawing pulleys and brake disc rotors, 

where abrasive, adhesive and sliding wear of grey cast iron 

takes place. To reduce the wear problem Detonation Gun 

sprayed coatings were deposited on GI250 and GIHC and their 
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wear properties were investigated. The proposed method for 

wear tests is using Pin-On-Disc apparatus (Wear and Friction 

Monitor Tester TR-201) conforming to ASTM G 99 standard. 

Two types of coating namely Ni20Cr and Al2O3-13TiO2 are 

selected for Detonation Spray Coating Process to study their 

effect as wear resistant’s. 

The aim of this study is to compare the wear rate of coated as 

well as uncoated GI250 and GIHC and then provide an 

experimental data base for detonation sprayed Ni20Cr and 

Al2O3-13TiO2 coatings. Further comparison between both the 

coatings is done to find out the effectiveness of coatings as 

wear resistant and its best suitable material match. 

II. EXPERIMENTAL PROCEDURE 

The material was chosen after a comprehensive literature 

survey. Table 1 shows the chemical composition (wt%) and 

mechanical properties of GI250 and GIHC whereas Table 2 

shows chemical composition (wt%) of the EN-31 carbon steel 

disc onto which substrate material slides for wear testing in 

Pin-On-Disc apparatus (Wear and Friction Monitor Tester TR-

201) 
TABLE 1 

Chemical composition (wt. %) and mechanical properties of 

grey cast irons 

 

Element                   GI250                           GIHC 

 

C                               3.35                              3.54 

Si                              2.16                              1.66 

Mn                           0.753                            0.524 

P                              0.118                            0.816 

S                              0.127                            0.127 

Cr                            0.658 

Mo                           0.025 

Ni                            0.293 

Cu                            0.250 

 

Hardness                   285                     

 

 

TABLE 2 

Chemical composition (wt %) of the EN-31 carbon steel disc 

 

Element                                    wt% 

 

 

C                                           0.42 (max) 

Si                                          0.05-0.35 

Mn                                        0.40-0.70      

S                                           0.05(max) 

P                                           0.05(max) 

                                         

 

The detonation sprayed coatings were deposited at SVX India 

ltd. Noida, India by using their detonation gun spray system. 

Name of the D- gun is “AWAAZ Detonation Spray Coating 

System” using which powders were sprayed onto the 

substrates. The gun has been made by International Advanced 

Research Centre for Powder Metallurgy and New Materials, 

Hyderabad, in collaboration with the inventors – IPMS, Kiev, 

Ukraine. D-gun spray process provides an extremely good 

adhesive strength, low porosity and coating surface with 

compressive residual stresses. Oxygen and acetylene is fed 

through a tubular barrel closed at one end in precisely 

measured quantity. Nitrogen serves as a blanket to prevent the 

possible back firing at gas inlets. Simultaneously, a 

predetermined quantity of the coating powder is fed into the 

combustion chamber. With a simple spark plug the gas 

mixture inside the chamber is ignited. Hence combustion of 

the gas mixture generates high pressure shock waves 

(detonation wave), which then propagate through the gas 

stream. The hot gases generated in the detonation chamber 

travel down the barrel at a high velocity and in the process 

heat the particles to a plasticizing stage (only skin melting of 

particle) and also accelerate the particles to a velocity of 

1200m/sec. These particles then come out of the barrel and 

impact the component held by the manipulator to form a 

coating. Figure 1 shows the actual scheme of Detonation gun. 

The spray process parameters employed during coating are 

given in Table 3 

 

TABLE 3 

The process parameters employed during Detonation Gun 

Spray Process 

 

Fuel gas                                Oxygen and Acetylene 

Carrier gas                                     Nitrogen 

Pressure of Fuel gas 

(Oxygen)                                       2-3 bar 

Pressure of fuel gas 

(Acetylene)                                  1-1.5 bar 

Pressure of carrier gas       

(Nitrogen)                                      2-4 bar 

Flow rate of fuel gas 

(Oxygen)                                   2800-5120 LPM 

Flow rate of fuel gas 

(Acetylene)                                2240-2420 LPM 

Flow rate of Carrier gas 

(Nitrogen)                                   720-960 LPM 

No. of shots per second                    3 

Spraying distance                       150-180 mm 

 

 

Thickness of the alumina titania coatings on different 

substrates are measured on the polished cross-sections of the 

samples, with a Minitest-600B thin film thickness gauge 

(precision ± 1microns). Six readings are taken on each 

specimen and the average value is reported as the mean 

coating thickness. 

 

The surface morphology of Detonation sprayed coated 

specimens are studied with the help of a Field Emission 

Scanning Electron Microscope (FEI Quanta 200F) fitted with 

EDAX Genesis software attachment and X-ray diffraction 

(XRD) analysis is done using Ni-filtered Cu-Kα radiation in a 

Bruker AXS D-8 Advance diffractrometer (Germany) X-ray 

diffractrometer. 



 

 

 

 

  

Figure 1: Scheme of  detonation gun: 1 – coatings particles container; 2 – nitrogen; 3,10 – cooling system; 

4 – safety valves; 5 propane-butane; 6 – oxygen; 7 – ignition system; 8 – detonation chamber, 9 – barrel, 

11 – substrate 

The dry sliding wear test for coated as well as bare GI250 and 

GIHC substrates was conducted using  Pin On Disc Apparatus 

(Wear and Friction Monitor Tester TR-201) conforming to 

ASTM G 99 standard. The tests were conducted in air with a 

room temperature of 30-32°C. Wear tests were performed on 

the pin specimens with 8mm as diameter and 30mm length. 

The pin was held stationery against the face of a rotating disc 

made of carbon steel (EN-31) at 40 mm track diameter. EN-31 

steel is a plain carbon steel; case hardened 62 to 65 HRC as 

provided with the pin-on-disc machine. The pin material was 

GI250 and GIHC. The uncoated as well as coated specimens 

were prepared for sliding wear studies. 

The pins were polished with emery paper and both disc and 

the pin were cleaned and dried before carrying out the test. 

The pin was loaded against the disc through a dead weight 

loading system. The wear tests parameters for coated as well 

as uncoated specimens were selected as three normal loads of 

30 N, 40 N and 50 N and a fixed sliding velocity of 1 m/s. The 

track radii for the pins were kept 40 mm. The speed of the 

rotation of the disc (477 rpm) for all the cases was so adjusted 

so as to keep the linear sliding velocity at a constant value of 1 

m/s. A variation of ± 5 rpm was observed in the rpm of the 

disc. Wearing duration for a total sliding distance of 5400 m ( 

6 cycles of 5min, 5min, 10min, 10min, 20min, 40min 

duration)  was carried out, so that only top coated surface was 

exposed for each detonation sprayed sample. Tangential force 

was monitored continuously during the wear tests. Weight 

losses for pins were measured after each cycle to determine 

the wear loss. The pin was removed from the holder after each  

run, cooled to room temperature, brushed lightly to remove 

lose wear debris, weighed and fixed again in exactly the same 

position in the holder so that the orientation of the sliding 

surface remains unchanged. The weight was measured by a 

micro balance to an accuracy of 0.0001 gm. The coefficient of 

friction has been determined from the friction force and the 

normal loads in all the cases. The specific wear rates for the 

coated and uncoated material were obtained by  

 

                                    W =  
  

    
 

 

Where W denotes specific wear rates in, Bowden (B) (1B=10
-

6 
mm

3
/N-m),     the weight loss (g), L is the sliding distance 

in (m),  is density of the worn material in (g/ mm
3
) and F is 

applied load in (N). 

 

Wear Volume Loss = (w/9.81) / 

The coefficient of friction () was calculated as below: 

 

µ =Frictional Force (N) / Applied Normal     Load (N) 

III. RESULTS 

A. Characterization of coatings 

 

SEM/EDAX analysis of the D-gun as sprayed coatings 

 

The FE-SEM micrographs for Detonation sprayed Ni20Cr and 

Al2O3-13TiO2 coatings on GIHC and GI250 are shown in 

Figure 2 and Figure 3 

 

The grains/particles are mostly equi-axed type with little 

boundary mismatch between them. Amount of cavitation is 

less in second case as compared to the latter one. However, 

some cavity regions are seen along inter-particle/inter-grain 

boundaries confirms the presence of powder elements such as 

Al, Ti, O on the surface along with C. The presence of O on 

the top surface infers the possibility of oxides formation and 

decarburization of carbide particles. 



 

 

 

 

 
 

 
 

Fig.2 Surface morphology of A) Ni20Cr B) Al2O3 13TiO2 

coatings on GIHC 

 

 

 
 

Fig. 3 Surface morphology of A) Ni20Cr B) Al2O3 13TiO2 

coatings on GI250 

 

X-ray Diffraction (XRD) analysis 

 

 Figure shows the XRD patterns of elemental powder and their 

evolution as a result of solid solution formation to obtain an 

approached Ni20Cr alloy. Initially sharp diffraction peaks are 

broadened and reduced in intensity because of the spatial 

coherent length confinement and the increase in atomic level 

strain. XRD patterns of as coated samples indicate an 

overlapping of the Ni and Cr reflection peaks with a little shift 

on angular positions. On the other hand, broadened and 

asymmetric peak displacements are markedly observed on 

high angles. The X-ray diffractograms for detonation sprayed 

Ni20Cr, Al2O3-13TiO2 on GIHC and GI250 are shown in 

Figure4 and Figure 5 respectively. From the X-ray diffraction 

patterns for as coated samples of Ni20Cr coating on GIHC and 

GI250 (Figure 4(A) and Figure 5(A)) substrates, it is evident 

that the as sprayed Ni20Cr coating contains Ni as major 

phases and Cr as minor phases.  
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Fig. 4: X-ray Diffraction patterns of as coated (a) Ni20Cr and 

(b) Al2O3-13TiO2 on GIHC substrate 

 

 
Fig. 5: X-ray Diffraction patterns of as coated (a) Ni20Cr and 

(b) Al2O3-13TiO2 on GI250 substrate 

 

B. Wear behavior  

Wear Behavior of the coatings vs GIHC 
For normal load of 30 N, 40N and 50N 

It is observed from the results that Ni20Cr and Al2O3-13 TiO2   

both are better wear resistant than bare GIHC. From the Figure 

6(a) it is observed that Ni20Cr shows less CVL as compared 

to bare GIHC substrate samples.  And from figure 6(b) it is 

found that Al2O3-13 TiO2 substrate is highly wear resistant as 

it shows negligible CVL as compared to the bare GIHC 

substrate. In case of Al2O3-13 TiO2 it is seen that wear is high 

at 30N load in beginning whereas at 40N, 50N wear is less at 

that point. When the cycle is about to end wear rate also 

increases but is negligible as compared to bare GIHC 

substrate. The CVL for bare GIHC is comparatively very high 

as compared to the two coatings and it is observed that CVL 

increases with the increasing load and with respect to time for 

both D-sprayed Coatings. 

 

SEM/EDAX Analysis of the substrate surfaces 

 

In general micrographs Figure (7) are very clear showing the 

peaks and elemental composition. Grey and white area shows 

the unworn and worn out area respectively. The chemical 

composition of point 1 is typical for the Ni20Cr layer. It is 

characterized by the high amount of Fe with C (53.63%) and 

traces of Si. The lack of Ni and Cr is attributed to the fact that 

surface is completely worn out.  Similarly at Point-2 O is 

50.38% and the surface is identified as worn out due to the 

only presence of Fe, C and O. the Figure 7(B) at point-3 grey 

area shows 16% Fe along with AL and Ti indicating it is less 

worn out area and at similarly at point-4 less wear is found 

with C  as 17% along with the presence of Al , Ti components 

of the coating powder . In  Figure 7(C) at point-5  and 6 the 

ares is higly enriched with the presence of Fe , C, and O 

indicating it to be a totally worn out surface. High O and C 

indicate the presence of carbide and oxide of Fe on the 

surface. 

 

 
Fig. 6: Cumulative Volume Loss (mm

3
) with time for  

(a) Ni20Cr      (b) Al2O3-13TiO2 coatings and GI250 substrate 
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Figure 7: SEM micrographs and EDS spectrum  of worn out 

sample for (a) Ni Cr (b) Al2O3 13 TiO2 (c) Bare GIHC at 40 N 

 

Wear Behavior of coatings vs GI250     
 

For normal loads of 30 N, 40N and 50N 

It is observed from the results (Figure8) that  the Cumulative 

volume loss for bare GIHC is comparatively high as compared 

to the detonation sprayed coatings; Ni20Cr, Al2O3-13TiO2. It 

is observed from Figure 8(a) that Ni20Cr has negligible CVL 

as compared to the bare GI250 substrate. And from the Figure 

8(b) it is clear the Al2O3-13TiO2 is highly wear resistant 

coating as compared to bare GI250 substrate. At 40N load it is 

seen that CVL for Al2O3-13TiO2 slightly increases first and 

then decreases. If we see the effect of load on wear loss it is 

observed that with the increase in load wear also increases for 

both the detonation sprayed coatings as well as bare GI250 

substrate. 

 

SEM/EDAX Analysis of the substrate surfaces 

 

In general micrographs (in Figure 5.9) do not show any cracks 

on the surface. Figure 9(A)  Point-1 shows the surface with  

presence of Fe , C and O which makes it clear that the surface 

is completely worn. The Fe and O in the elongated bands, 

identified as the amorphous phase was also observed. 

Chromium was not identified in the area and at point-2 the Ni 

and Cr is also present along with  Fe and other components 

which indicates that surface is worn out but not completely.  

In Figure 9(B) at point-3 C (41.95%) and Fe (13.63%) is 

present along with Al an Ti and other components such as Cl 

and O which makes it clear that  surface lack the presence of 

coating at this point. But at point4 the  grey area identifies that 

the surface is not worn out with the presence of Al(49.98%) 

and Ti (20.07%). In Figure 9(C) point-5  is highly enriched 

with the  presnce of Fe and other components of Fe (O and C) 

which proves the surface to be worn out and at point-6 Fe 

(40.59%)  is present along with C (26.27%) and O (28.16%) 

which indicates that surface is higly worn out at this point. 
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Fig. 8: Cumulative Volume Loss (mm
3
) with time for  

(a) Ni20Cr      (b) Al2O3-13TiO2 coatings and GI250 substrate 

 

 
 

 
 

 
Fig. 9: SEM micrographs and EDS spectrum with EDAX 

elemental composition of worn out sample for  (a) Ni Cr (b) 

Al2O3 13 TiO2 (c) Bare GI250 at 40 N 

 

IV. DISCUSSION 

Comparative Wear Behavior for Coating-Substrate 

combination 

 

To compare the performance of different coating- substrate 

combinations the bar charts as shown in Figure 10 are plotted 

at three loads. In general it is observed from the results that 

both Ni20Cr and Al2O3-13TiO2 detonation sprayed coatings 

are showing better wear resistance when coated on GI250 as 

compared to GIHC. A clear result is obtained from the bar 

charts indicating Al2O313TiO2 coatings to be most effective 

and wear resistant. Although Ni20Cr coatings does not form a 

good combination with GIHC substrate but it has less CVL as 

compared to bare GIHC substrate. With GI250 substrate 

Ni20Cr form a good combination in increasing the wear 

resistance as compared to bare GI250. The coating–substrate 

combinations in their decreasing order of wear resistance (at 

40N, 50N and 60N) is Al2O3-13TiO2-GI250 > Ni20Cr-GI250 

> Al2O313TiO2-GIHC > Ni20Cr-GIHC 
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Figure 10: Cumulative volume loss in one cycle (90 min) for 

six coating-substrates combinations at (a) 30 N (b) 40 N (c) 50 

N 

 

In the present investigation, Ni20Cr and Al2O3-13TiO2 

coatings are deposited on metal substrates of different grades 

(GIHC and GI250). It is observed that the coating strength 

varies with different substrate materials. This may be mainly 

due to bond it forms with the substrate material when the 

sprayed particles impinge on the substrate. 

 

         The adherence of the coating to the substrate is of major 

concern. The bonding mechanism operative between the 

coating and substrate can be classified into three categories: 

mechanical, physical and physico-chemical. According to  

Astakhov, (2008) [8] it is possible to deposit almost any 

material on any substrate without change in the properties of 

base material by D-gun spray process to considerably extend 

the life of parts, it is observed in the present study that the 

Ni20Cr, Al2O3-13TiO2 coatings powders have been 

successfully deposited on GIHC and GI250 substrates by the 

detonation spray process. 

 

 On the characterization of coatings using XRD, SEM and 

EDAX analysis of as coated specimens. XRD results obtained 

in the study have been supported by the findings of Petrovic  

et al., (2006); Lopez -Baez et al., (2011) and Sanchez et 

al.,(2008).  The detonation sprayed Ni20Cr, Al2O3-13TiO2 

coated GIHC and GI250 specimens showed significantly 

lower cumulative volume loss as compared to bare GIHC and 

GI250 materials under the normal load of 30N, 40N and 50N. 

It was investigated with the help of Pin-on-Disk Wear Test 

Rig according to ASTM G99-03 Standard. There are many 

studies; Giovanni (2007),, Murthy & Venkataraman (2006), 

Sundarajan et al.(2005) which support the above finding that 

Detonation sprayed coatings reduces the wear loss. 

 

 Identical to the findings of Cueva et al., (2003), the results in 

the present study indicate that CVL for the bare GI250 and 

GIHC   increases with increase in load. It is further supported 

by Glaeser, (1971) and Mohanty et al., (2005) where the 

authors observed that wear rate increases with increase in 

load. Further it has been found in the present study that CVL 

for detonation sprayed coatings Ni20Cr, Al2O3-13TiO2 also 

increases with increase in load. It is in accordance with the 

findings of Singh et al. (2008) where authors have found that 

cumulative wear rate of Al2O3/TiO2 coatings increases with 

increase in load. The CVL for Al2O3-13TiO2 coating was 

observed to be minimum in the present study. 

 

Ni20Cr is found to be good wear resistant but from the earlier 

studies and the present study it is concluded that Ni20Cr is 

good resistant to wear which occurs due to corrosion and 

erosion as reported by Zhong (2005). As reported by Higuera 

(2002) when these coatings are submitted to high temperature 

conditions, recrystallization processes take place and the 

hardness of this region decreases considerably. The 

microstructure of the coating (porosity and oxide volume 

fraction) depends on the projection method. The oxide content 

depends on both the maximum temperature attained and the 

interaction time between powders and air that occurs during 

the spraying fly. Al2O3-13TiO2 is found to be the best wear 

resistant due to minimum CVL in its case. This is due to the 

presence of Al and TiO2 on its surface.  The Al2O3-13TiO2 

GI250 coating substrate combination has shown minimum 

wear loss among all the six combinations. 

V. CONCLUSION 

1) Commercial grade Ni20Cr and Al2O3-13TiO2  powders are 

coatable on metal substrates (GIHC and GI250) employing 

Detonation spray technique  

2) The detonation sprayed Ni20Cr, Al2O3-13TiO2 coated 

GI250 and GIHC specimens showed significantly lower 

cumulative volume loss as compared to bare GI250 and 

GIHC materials. 

3) Cumulative Volume loss for detonation sprayed Ni20Cr; 

Al2O3-13TiO2 coated as well as bare GI250 and GIHC 

specimens increases with increase in load. 

4) Due to the low co-efficient of friction, low wear and 

minimum Cumulative Volume loss, the Al2O3-13TiO2 

coating was found to be highly wear resistant in the present 

study. 

2.541 

1.22 
0.855 0.846 

NiCr Al2O3 13TiO2

40 N 

GIHC GI250

3.397 

1.618 
0.948 0.871 

NiCr Al2O3 13TiO2

50 N 

GIHC GI250



 

 

 

 

5) The Al2O3-13TiO2-GI250 coating substrate combination 

has shown minimum Cumulative Volume loss among all 

the four combinations. The wear resistance for coating–

substrate combinations in their decreasing order (at 40N  )  

is  Al2O3-13TiO2 -GI250 > Ni20Cr-GI250 >  Al2O313TiO2-

GIHC > Ni20Cr-GIHC  
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