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Abstract 

Babbitt Ilmenite composite is prepared via vortex stir casting technique with percentage weight of 

Ilmenite, stirring speed and aging time as the test parameters. The morphological tests of the composite 

were conducted to ascertain the uniform distribution of the reinforcement in metal matrix. The 

mechanical properties of the composite viz. hardness, impact strength and tensile strength of the 

composite were investigated using Taguchi technique. The percentage contribution of the significant 

test parameters for optimizing the mechanical properties of the composite is determined using ANOVA 

statistical analysis and the regression models developed for the mechanical attributes of the fabricated 

composite are reported in the study. There is an improvement in the mechanical properties of the 

composite at optimized conditions as compared to the Tin-Babbitt alloy. The fabricated composite can 

be used as bearing material for the axles and crankshafts in the automobile industry. 

Keywords: - Babbitt, Ilmenite, Vortex casting, Morphological, Aging, Taguchi, DOE,             

Significant parameters 

 

I. Introduction 

There has been a lot of demand for low cost materials which exhibit good overall properties. Various 

researchers are continuously working towards development of low cost materials to replace high cost 

materials with low cost ones having good mechanical properties [1]. Babbitt metal matrix composites 

also gained importance since they have improved mechanical properties as compared to conventional 

Babbitt alloy for application in manufacturing of  bearings of light machinery and for automotive parts 

like crankshaft and connecting rod [2-5].The metal matrix composites are developed economically via 

vortex stir casting technique [6-9].The controllable test parameters for stir casted composites include 

percentage weight of reinforcement, stirring speed, aging time, particle size and mould temperature            

[10-13].Taguchi is an effective DOE tool that is utilised to improve the performance characteristics of 

the stir casted composites with less number of trials thereby reducing experimentation cost  [14-17]. 

 

II.  Methodology 

2.1 Fabrication of sample 

The matrix material ingots (ASTM B-23 Grade 2 Babbitt) are cut into small pieces so that they can be 

arranged into the crucible. According to the selected orthogonal array of experimentation, the matrix 

material and reinforcement material (Ilmenite) are weighed. Then, the matrix material is put into the 

muffle furnace using crucible and the temperature is maintained at 400oC (considering heat loss also) 

to melt the material. After melting the matrix material, the reinforcement is added into the matrix 

material and stirred for 5 minutes at the chosen rpm of stirrer according to orthogonal array. The 

material is heated up to the temperature of 440oC and is stirred again for 5 seconds only. Then, at a 

pouring temperature of 440oC, the material is poured into the moulds. After some time, the material 

gets solidified and the castings thus obtained can be machined to obtain the desired size and shape for 

mechanical tests. This method of stir casting is repeated to complete the experimentation process 

according to the selected orthogonal array. Then, the samples were aged at 150o C and allowed to cool 

at room temperature to improve the material properties.  
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2.2   Testing 

2.2.1 Morphological tests 

Scanning electron micrographs (SEM) and Energy dispersive spectrum (EDS) of Tin- Babbitt, Ilmenite 

and Babbitt-Ilmenite composite was conducted at Sophisticated Analytical Instrumentation Facility 

(SAIF) laboratory of Panjab University, Chandigarh. Figure 1 and Figure 2 shows SEM and EDS of 

Tin-Babbitt and Ilmenite respectively.  

        
Figure 1: a) SEM of Babbitt alloy                                         b) EDS of Babbitt alloy 

                        (20000X magnification) 

                          
Figure 2: a) SEM of Ilmenite                                                    b) EDS of Ilmenite 

The SEM and EDS of the fabricated composite corresponding to process parameters: 6% wt. of 

ilmenite, 250 rpm stirring speed and 12 hours of aging time is shown in Figure 3. 

Ilmenite 
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(a) 

 
(b) 

Figure3:  a) SEM of the composite                             b) EDS of the composite  

(6% wt. of ilmenite, 250 rpm stirring speed and 12 hours aging time) 

The scanning electron micrographs and energy dispersive spectrum of the Babbitt Ilmenite composite 

depicts uniform dispersal of Ilmenite in the Babbitt metal matrix. 

2.2.2 Mechanical tests       

I) Hardness Test 

For Rockwell hardness measurement, a metal ball indenter with a diameter of 1.58 mm is used. A 

minor load of 10 kg is applied to the specimen before a main load of 50 kg is applied to the composite 

specimen to determine the Rockwell Hardness at F scale (HRF). The Rockwell Hardness tester is 

shown in Figure 4. 

II) Impact test 

Izod testing method is used for determining the impact strength of the composite samples. It involves 

striking a notched sample with a pendulum to determine the energy required to break the specimen. 

For the test, a standard test piece with an overall length of 75 mm and a square cross-section of 10 mm 
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side with a standard 45°, 2 mm deep notch is used. The Impact test set up and specimen details are 

shown in Figure 5. 

III) Tensile test 

Samples of the Babbitt Ilmenite composite are clamped into the UTM grips that are aligned with the 

direction of the applied load. The tensile test is then carried out by gradually increasing the load applied 

to the sample until it reaches its breaking point. During the test, the UTM records the applied force as 

well as the sample's deformation. The tensile test and the specimen details are shown in Figure 6. 

 
Figure 4: Rockwell Hardness Tester 

 
Figure 5: (a) Setup of Izod Impact Test                            (b) Samples for Izod Testing 
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Figure 6: (a) Setup of UTM (b) Standard dimension used in tensile testing (c) Samples after testing 

 

111.        Results and Discussion 

The test parameters and their levels are decided based on the literature survey and L9 array is used for 

Taguchi analysis. The main effect plots of means for the mechanical attributes of the composite are 

obtained using MINITAB-17 software. Delta analysis is conducted to determine the rank of the test 

parameter for each mechanical attribute and ANOVA statistical technique is used to determine the 

significant controllable parameters (having p value less than 0.05) and their percentage contribution 

for optimization of each mechanical attribute viz. Hardness, Impact strength and Tensile strength. The 

results of the mechanical tests performed on Babbitt-Ilmenite composite samples prepared according 

to L9 Taguchi array are discussed in this section. 

3.1 Rockwell Hardness 

The results of L9 Taguchi array for Rockwell Hardness is tabulated in Table 1 Delta and ANOVA 

analysis of the results are presented in Table 2 and Table 3 respectively. 

Table 1. Rockwell Hardness test results 

% wt. of Ilmenite  
Stirring Speed 

(RPM) 

Aging Time 

(Hrs) 

Hardness 

(HRF)  

3 150 4 13 

3 250 8 11 

3 350 12 12 

6 150 8 11 

6 250 12 10 

6 350 4 12 

9 150 12 10 

9 250 4 9 

9 350 8 8 
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Table 2. Delta analysis of the Rockwell Hardness 

Level 
% wt. of 

Ilmenite 

Stirring 

Speed 
Aging time 

1 12.000 11.333 11.333 

2 11.000 10.000 10.000 

3 9.000 10.667 10.667 

Delta 3.000 1.333 1.333 

Rank 1 2.5 2.5 

Table 3. ANOVA analysis of Rockwell Hardness 

Source DF Adj. SS 
Adj. 

MS 
F-value p-value 

Regression 3 14.833 4.944 4.78 0.062 

% wt. of 

Ilmenite 
1 13.50 13.50 13.06 0.015 

Stirring speed 1 0.6667 0.6667 0.65 0.458 

Aging time 1 0.6667 0.6667 0.65 0.458 

Error 5 5.1667 1.0333   

Total 8 20.000    

The main effect for means of response (Rockwell Hardness) is shown in Figure.7.The maximum 

hardness is obtained at parameter setting: 3 weight percentage Ilmenite, 150 rpm stirring speed and 

aging time of 4 hours which corresponds to first experiment of an orthogonal array so no confirmation 

test is required. 

 
Figure 7: Main effect plot for Rockwell hardness 

The linear regression equation to model hardness in terms of test parameters at 95% confidence level 

using MINITAB - 17 software is given as: 

Hardness =15.17 - 0.500 % wt. of Ilmenite - 0.00333 Stirring Speed - 0.083 Aging time    (1) 
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Figure 8 :SEM images of Babbitt-Ilmenite composite( 3% wt. ilmenite , 150 rpm stirring speed and 4 

hours aging ) 

Figure 8 shows the SEM image of the microstructure of Babbitt Ilmenite metal matrix composite              

( 3 wt. % of ilmenite, stirring speed of 150 rpm and aging time of 4 hours at magnification of  75X )  

The image reveals  the shape of impression made by the ball indenter and presence of ilmenite 

indicated in red. The surface morphological analysis shows that ilmenite reinforcement is uniformly 

dispersed within the matrix material and is not forced out of the matrix. 

3.2 Impact Strength 

The results of L9 Taguchi array for Impact strength is tabulated in Table 4 .Delta and ANOVA analysis 

of the results are presented in Table 5 and Table 6 respectively. 

Table 4. Impact strength test results 

 

%Wt.  

of  

Ilmenite 

Stirring Speed 

(RPM) 

Aging Time 

(Hrs) 

Impact strength 

(Joule) 

3 150 4 3 

3 250 8 5 

3 350 12 6 

6 150 8 4 

6 250 12 5 

6 350 4 4 

9 150 12 6 

9 250 4 4 

9 350 8 5 
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Table 5. Delta analysis of the Impact strength 

Level 
% wt. of 

Ilmenite 

Stirring 

Speed 
Aging time 

1 4.667 4.333 3.667 

2 4.333 4.667 4.667 

3 5.000 5.000 5.667 

Delta 0.667 0.667 2 

Rank 2.5 2.5 1 

Table 6. ANOVA analysis of Impact strength 

Source DF Adj. SS 
Adj. 

MS 
F-value p-value 

Regression 3 6.8333 2.2778 9.76 0.016 

% wt. of 

Ilmenite 
1 0.1667 0.1667 0.71 0.437 

Stirring speed 1 0.6667 0.6667 2.86 0.152 

Aging time 1 6.0000 6.0000 25.71 0.004 

Error 5 1.667 0.2333   

Total 8 8.000    

The main effect for means of response (Impact strength) is shown in Figure.9.The maximum impact 

strength is obtained at parameter setting: 9 weight percentage Ilmenite, 350 rpm stirring speed and 

aging time of 12 hours. The parameter setting corresponding to optimum impact strength does not lie 

in L9 orthogonal array so confirmation test has to be conducted. The optimum impact strength can be 

predicted from the equation [18]: 

μRH = A3 + B3 + C3- 2TRH                                                                                                                                                         (2) 

where   A3 is the average impact strength at third level of reinforcement, B3 is the average impact 

strength at third  level of stirring speed , C3 is the average impact strength at third level of aging time 

and TRH is the average of all values of  impact strength in an orthogonal array. The only significant 

parameter for impact strength is the aging time, Eq. (2) can be written as: 

μRH = C3=5.66 

Table 7.Confirmation Test for Impact strength 

Response 
Optimum 

Level of Parameter 
Predicted result 

Experimental 

Result 

Impact strength A3B3C3 5.666 6 
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Figure 9: Main effect plot for Impact strength 

The confirmation test validated the predicted result and indicated that Taguchi methodology can be 

adopted to evaluate the impact strength of the composite with deviations of 5.56%.The linear 

regression equation to model impact strength in terms of test parameters at 95% confidence level using 

MINITAB -17 software is given as: 

Impact strength = 1.50 - 0.0556 % wt. of Ilmenite + 0.00333 Stirring Speed + 0.2500 Aging time (3)                                                                                  

 
Figure 10: SEM images of Babbitt-ilmenite composite( 9% wt. ilmenite , 350 rpm stirring speed and 

12 hours aging ) 

Figure 10 shows the scanning electron micrograph of the optimized sample of Babbitt ilmenite 

composite at magnification of 100 X . The sample was properly polished and cleaned for 

morphological testing .SEM image reveal that the reinforcement was uniformly distributed and bonded 
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with the matrix material marked as red. The texture created by the hit of pendulum is clearly shown in 

the micrograph. 

3.3 Tensile Strength 

The results of  L9 Taguchi array for Tensile strength is tabulated in Table 8 .Delta and ANOVA 

analysis of the results are presented in Table 9 and Table 10 respectively 

Table 8. Tensile strength test results 

 

%wt. 

of 

Ilmenite 

Stirring Speed 

(RPM) 

Aging Time 

(Hrs) 

Tensile  strength 

(MPa) 

3 150 4 104.46 

3 250 8 128.28 

3 350 12 120.76 

6 150 8 118.44 

6 250 12 128.41 

6 350 4 108.66 

9 150 12 123.31 

9 250 4 112.48 

9 350 8 110.11 

Table 9. Delta analysis of the Tensile strength 

Level 
% wt. of 

Ilmenite 

Stirring 

Speed 
Aging time 

1 117.8 115.4 108.5 

2 118.5 123.1 118.9 

3 115.3 113.2 124.2 

Delta 3.2 9.9 15.6 

Rank 3 2 1 

Table 10. ANOVA analysis of the Tensile strength 

Source DF 
Adj.  

SS 

Adj. 

MS 
F-value p-value 

Regression 3 383.353 127.784 2.85 0.145 

% wt. of 

Ilmenite 
1 7.437 7.437 0.17 0.701 

Stirring speed 1 9.627 9.627 0.21 0.663 

Aging time 1 366.289 366.289 8.16 0.036 

Error 5 224.405 44.881   

Total 8 
607.758 

 
   

The main effect for means of response (Tensile strength) is shown in   Figure 11.The maximum tensile 

strength is obtained at parameter setting: 6 weight percentage Ilmenite, 250 rpm stirring speed and 

aging time of 12 hours which corresponds to fifth experiment of the orthogonal array so no 

confirmation test is required. 
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Figure 11: Main effect plot for Tensile strength 

The linear regression equation to model tensile strength (σ) in terms of test parameters at 95% 

confidence level using MINITAB - 17 software is given as: 

σ = 106.9 - 0.422 % wt. of Ilmenite - 0.0111 Stirring Speed + 1.953 Aging time                      (4)  

The morphological test of the composite sample at optimal parameter setting: 6 weight percentage 

Ilmenite, 250 rpm stirring speed and aging time of 12 hours subjected to tensile test is shown in       

Figure 12.The microstructure of the composite shows small holes and voids which will lead to necking 

of the specimen suggesting ductile fracture of the composite subjected to tensile load.                                                                                          
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Figure 12: SEM image of the composite sample at 100X magnification 

 

IV.      Comparison of the mechanical properties of the Babbitt/Ilmenite composite at optimized 

conditions with Tin-Babbitt alloy 

The Hardness, Impact strength and Tensile strength of the composite at optimized conditions is 

compared with Tin-Babbitt and improvement in the mechanical attributes of the composite is reported 

in Table 11. 

Table 11. Comparison of the mechanical attributes 

Mechanical attribute 

Babbitt/Ilmenite 

composite at 

optimized conditions 

Tin-Babbitt 
% 

Increase 

Hardness 

(HRF) 
13 9 44.44 

Impact strength 

(Joule) 
6 4 50 

Tensile strength 

(MPa) 
128.41 77 66.76 

 

V.        Conclusions 

1)Babbitt Ilmenite composite is developed successfully via vortex stir casting and morphological 

analysis conducted suggests uniform dispersal of the Ilmenite in the Tin-Babbitt matrix  

2 i)The maximum hardness is obtained at parameter setting: 3 weight percentage Ilmenite, 150 rpm 

stirring speed and aging time of 4 hours. 

ii)The maximum impact strength is obtained at parameter setting: 9 weight percentage Ilmenite, 350 

rpm stirring speed and aging time of 12 hours. 

iii)The maximum tensile strength is obtained at parameter setting: 6 weight percentage Ilmenite, 250 

rpm stirring speed and aging time of 12 hours. 

3)The percentage weight of Ilmenite is the significant parameter for Rockwell Hardness of the 

composite while aging time is the significant parameter for Impact strength and the Tensile strength 

of the composite. 
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4)The percentage contribution of the significant test parameters for optimization of the response  is 

determined by the ratio of Adj. SS of each parameter and the  total Adj. SS from the ANOVA table of 

each response. The percentage contribution of the % weight of Ilmenite for optimization of Hardness 

of the composite is found to be 67.5% and percentage contribution of aging time for optimization of 

Impact strength and Tensile strength is found to be 75% and 60.27% respectively. 

5)There is an improvement in Rockwell Hardness, Impact strength and Tensile strength of the 

composite at optimized conditions by 44.44%,50% and 66.76% respectively when compared with the 

Tin Babbitt alloy. 

 

References 

[1] Bodunrin, M.O., Alaneme, K.K. and Chown, L.H., Aluminium matrix hybrid composites: a review 

of reinforcement philosophies; mechanical, corrosion and tribological characteristics, Journal of 

materials research and technology, Vol.4, No.4, 2015, 434-445. 

[2] Hemanth, G. and Suresha, B.,Hybrid and electric vehicle tribology: a review. Surface Topography: 

Metrology and Properties, Vol.9, No.4, 2021:043001. 

[3] Awari, G.K., Kumbhar, V.S., Tirpude, R.B. and Rajurkar, S.W., Automotive Manufacturing 

Processes: A Case Study Approach. CRC Press, 2023. 

[4] Dong, Q., Yin, Z., Li, H., Zhang, X., Jiang, D. and Zhong, N., Effects of Ag micro-addition on 

structure and mechanical properties of Sn-11Sb-6Cu Babbitt. Materials Science and Engineering: 

A, Vol.722,2018, 225-230.  

[5] Stanev, L., Kolev, M., Drenchev, L. and Krastev, B.,Fabrication Technique and Characterization 

of Aluminum Alloy-Based Porous Composite Infiltrated with Babbitt Alloy. Journal of Materials 

Engineering and Performance, Vol.29, 2020, 3767-3773. 

[6] Singh, K., Singh, H., Vardhan, S. and Mohan, S., An overview on the synthesis of aluminium 

matrix composites using stir casting technique. Materials Today: Proceedings, Vol.60, 2022, 868-872. 

[7] Pugalenthi, T., Arulraj, M., Sowrirajan, M. and Vijayan, S., Impact of stir-squeeze casting process 

parameters on tensile strength of hybrid aluminium matrix composite. Proceedings of the Institution 

of Mechanical Engineers, Part E: Journal of Process Mechanical Engineering, Vol.236, No.6,2022, 

2589-2598. 

[8] Chitra, R., Jegan, T.C., Bamini, A.A., Glivin, G. and Frankin, V.A.,  Stir casting process parameters 

and their influence on the production of AA6061/B4C metal matrix composites. In Advances in 

Processing of Lightweight Metal Alloys and Composites: Microstructural Characterization and 

Property Correlation, Singapore: Springer Nature Singapore, 2022, 193-215.  

[9] Kumaresan, G. and Arul Kumar, B., Investigations on Mechanical Properties of Micro-and Nano-

Particulates (Al2O3/B4C) Reinforced in Al 7075 Matrix Composite, International Journal of Metal 

casting, Vol.16, No.4,2022,1932-1939. 

[10] Dey, D., Bhowmik, A. and Biswas, A., Effect of SiC content on mechanical and tribological 

properties of Al2024-SiC composites, Silicon, 2020,1-11. 

[11] KN, U., Effect of stir casting parameters and mono/hybrid reinforcements on aluminium metal 

matrix composite–A review. Proceedings of the Institution of Mechanical Engineers, Part C: Journal 

of Mechanical Engineering Science, Vol.236, No.9, 2022, 4904-4920. 

[12]  Alrobei, H., Effect of different parameters and aging time on wear resistance and hardness of 

SiC-B4C reinforced AA6061 alloy. Journal of Mechanical Science and Technology, Vol.34, No.5, 

2020, 2027-2034. 

[13] Khan, A.H., Shah, S.A.A., Umar, F., Noor, U., Gul, R.M., Giasin, K. and Aamir, M.,  Investigating 

the microstructural and mechanical properties of novel ternary reinforced AA7075 hybrid metal matrix 

composite. Materials, Vol.15, No.15, 2022, 5303. 

[14] Wadhwa, A.S. and Chauhan, A.,Fabrication and multi-performance optimization of mechanical 

properties of novel Babbitt-Ilmenite metal matrix composite using entropy based hybrid Taguchi-grey 

relational analysis. Engineering Research Express, Vol.5, No.1, 2023, 015051. 



 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 53, Issue 3, No. 3, March : 2024 
 

UGC CARE Group-1,                                                                                                                 189 

[15] Natarajan, N., Moorthy, A.A., Sivakumar, R., Manojkumar, M. and Suresh, M., Dry sliding wear 

and mechanical behavior of aluminium/fly ash/graphite hybrid metal matrix composite using taguchi 

method. International journal of modern engineering research, Vol. 2, No.3, 2012, 1224-1230. 

[16] Krishnan, A.M., Dineshkumar, M., Marimuthu, S., Mohan, N. and Venkatesh, R., Evaluation of 

mechanical strength of the stir casted aluminium metal matrix composites (AMMCs) using Taguchi 

method. Materials Today: Proceedings, Vol.62, 2022, 1943-1946. 

[17] Muhammad, F. and Jalal, S., Optimization of stirrer parameters by Taguchi method for a better 

ceramic particle stirring performance in the production of Aluminum Alloy Matrix Composite. Cogent 

Engineering, Vol.10, No.1, 2023, 2154005. 

[18] Ross P J. Taguchi Techniques for Quality Engineering, 2nd edition, New York: McGraw-Hill 

Publishing Company, 1996. 

 

 

 


