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ABSTRACT – Blast furnace slag (BFSlag) is an 

industrial waste generated during iron making in steel 

industries. The present work attempts to utilize this solid 

waste BFSlag as the filler material in composite making 

with polymers like epoxy. The composites are 

characterized in regard to their physical and mechanical 

properties. In the present work, an attempt has been 

made to improve the wear resistance of short glass fiber 

(SGF) reinforced epoxy composites by incorporation of 

micro-sized blast furnace slag (BFS) particles. Taguchi’s 

experimental design approach integrated with neural 

computation has been followed for the parametric 

appraisal and prediction of the wear processes. 

 

1. INTRODUCTION 

Polymers and their composites form a very 

important class of tribo-engineering materials and are 

invariably used in machine and structural components, 

where wear performance in non-lubricated condition is 

a key parameter for the material selection. These 

polymer matrix composites (PMCs) are often preferred 

over other materials because of their easy processability, 

high strength-to-density ratio, and chemical resistance. 

Furthermore, PMCs generally have a low coefficient of 

friction even under dry-sliding conditions [1]. This 

property can be utilized in applications, where the 

addition of lubricants such as oil or grease cannot be 

tolerated [2]. It has been observed that by incorporating 

hard filler particles into polymer-based composites, 

synergistic effects may be achieved in the form of 

higher modulus and reduced material cost [3-4]. The 

inclusion of such particulate fillers into polymers for 

commercial applications is primarily aimed at the cost 

reduction and stiffness improvement. In the simulation 

of wear and friction tests, using artificial neural 

networks (ANN), known or estimated properties of the 

material are input to the model and the expected 

responses of the virtual tool to such variables as load 

cycles, deflections, temperature excursions, and so on 

are calculated. With reference to polymer composites, 

Velten et al. [5] were the pioneers in exploring the 

application of ANN to these materials and used an ANN 

model to predict the wear volume of short fiber/particle-

reinforced thermoplastics. The present work explores 

the possibility of fabricating a new class of thermoset 

composites using epoxy as the matrix base and BFSlag 

as the particulate filler. To enhance the strength 

properties, SGFs of predetermined proportion are also 

reinforced in the thermoset resin during composite 

preparation. This work further investigates and analyses 

the dry sliding wear response of these Epoxy-based 

composites filled with microsized BFSlag using 

Taguchi’s design-of-experiments approach. It 

implements the ANN too for the prediction and 

simulation purpose. 

 

2. METHODOLOGY 

Epoxy LY 556, chemically belonging to the 

‘epoxide’ family is used as the matrix material for 

fabrication of composites under this study. This low 

temperature curing epoxy resin (LY 556) and 

corresponding hardener (HY951) are mixed in a ratio of 

10:1 by weight as recommended. The epoxy resin and 

the hardener are supplied by Ciba Geigy India Ltd. BFS 

collected from Rourkela Steel Plant (India) is sieved to 

obtain particle size in the range 100–110 micron. The 

short glass fibers used in this work are about 10 mm 

long and the fiber dia is 0.02 mm with an aspect ratio of 

500. Two sets of composite samples with and without 

20 wt% of short glass fiber reinforcement in epoxy resin 

are prepared with different weight proportions (0, 10, 20 

and 30 wt %) of BFS by simple hand lay-up technique. 

In this method, the dough (epoxy filled with BFS and 

SGF) is slowly decanted into the glass molds, coated 

beforehand with wax and a uniform thin film of 

silicone-releasing agent. The composites are cast in 

these molds so as to get cylindrical specimens (dia 9 

mm, length 50 mm). The castings are left to cure at 

room temperature for about 24 h after which the glass 

molds are broken and samples are released. 

 

2.1 Sliding wear test 
All the cured samples are subjected to a series of 

dry sliding wear tests using a pin-on-disc type friction 

and wear monitoring test rig as per ASTM G 99. The 

counter body is a disc made of hardened ground steel 

(EN-32, hardness 72 HRC, surface roughness 0.6μm 

Ra). The specimen is held stationary and the disc is 

rotated while a normal force is applied through a lever 

mechanism. A series of tests are conducted with four 

sliding velocities of 105, 209, 314 and 420 cm.s-1 under 

four different normal loads of 5, 15, 25 and 35 N. The 

material loss from the composite surface is measured 

using a precision electronic balance with accuracy ±0.1 

mg and the specific wear rate (mm3/N-m) is then 

expressed on ‘volume loss’ basis as: 

Ws = m / (ρ. t. Vs. Fn), where m is the mass loss of the 

composite in the test duration (g), ρ is the density of the 
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composite (g/mm3), t is the test duration (s), Vs is the 

sliding velocity (m.s-1) and Fn is the average normal 

load (N). The specific wear rate is defined as the volume 

loss of the specimen per unit sliding distance per unit 

applied normal load. 

 

3. RESULTS AND DISCUSSION 

The experiments have been carried out using 

Taguchi experimental design (L16 orthogonal array). The 

micro-structural features of the composite samples worn 

under different operating conditions are described based 

on SEM micrographs. Subsequent analysis of the wear 

test results is made using the popular software 

specifically used for design-of-experiment applications 

known as MINITAB 14. Two sets of composites are 

taken in this part – (i) Epoxy filled with BFS in different 

proportion without any fiber reinforcement (ii) BFS 

filled epoxy reinforced with 20 wt% of short glass fiber 

(SGF). The overall mean for the S/N ratio of the specific 

wear rate for the epoxy-BFS and epoxy-BFS composites 

with SGF are found to be -1.447 dB and – 6.393 dB. 

Further, the S/N ratio responses of these two sets of 

composites are analyzed that for BFS filled epoxy 

without any fiber reinforcement, among all the factors, 

sliding velocity is the most significant factor followed 

by BFS content. In contrast, for the other type of BFS 

filled epoxy composites with glass fiber reinforcement, 

BFSlag content among all the factors, emerged as the 

most significant factor followed by sliding velocity.  

The other factors like normal load and sliding distance 

have relatively much less significance on the specific 

wear rate of the composites which is clearly visible 

from delta values of response tables. The ANN 

predictive results of specific wear rate for all the 16 test 

conditions for each of the composite sets are recorded 

and compared with the experimental values along with 

the associated percentage errors. It is observed that the 

errors lie in the range of 0 - 10% which establishes the 

validity of the neural computation. The errors, however, 

can still be reduced and the quality of predictions can be 

further improved by enlarging the datasets and by 

optimizing the construction of the neural network. A 

well-trained ANN is expected to be very helpful for the 

analysis of specific wear rate characteristics of any 

given composite and permits to study quantitatively the 

effect of each of the considered input parameters on the 

wear rate. The range of any chosen parameter can be 

beyond the actual experimental limits, thus offering the 

possibility to use the generalization property of ANN in 

a large parameter space. In the present investigation, 

this possibility has been explored by selecting the 

significant factors i.e. the BFS content and sliding 

velocity in a range wider than that of the experimental 

domain.  

From Figure 1, there is a plastic flow of the matrix 

material in the sliding direction which is indicated by 

the arrow. It is understandable that with increased 

sliding velocity and applied load, the polymeric resin 

softens due to frictional heat generation. As a result, the 

BFSlag particles having sharp edges easily tear the 

matrix and gradually get aligned along the sliding 

direction. These particles by virtue of their size, shape 

and moderate hardness modify the wear behaviour of 

the composites. 

 

 
Figure 1 Morphology of worn surfaces of BFS filled 

epoxy composites with 20% SGF. 

 

4. CONCLUSION  

Blast furnace slag, in spite of being an industrial 

waste, possesses ample reinforcing potential to be used 

as a filler material in thermoset polymer matrices. 

Successful fabrication of epoxy matrix composites 

reinforced with raw BFS particles is possible by simple 

hand-lay-up technique. With additional reinforcement of 

E-glass fibers, multi-component hybrid glass-

epoxy/BFS composites can also be successfully 

fabricated. Further study reveals that BFS possesses 

good filler characteristics as it improves the sliding wear 

resistance of the polymeric resin. Dry sliding wear 

characteristics of these composites can be gainfully 

analyzed using a design-of-experiment approach based 

on Taguchi method. The analysis of experimental results 

shows that the sliding velocity is the most significant 

factor followed by BFS content and sliding distance as 

the least significant control parameter in determining 

the specific wear rates of the composites irrespective of 

fiber content.  
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