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Abstract
Iron scrap is one of the substances rejected in large quantities of by-products from the steel industrial sector. In this work, 
waste cellulosic fibers and iron shavings were used as reinforcement and abrasive particles, respectively. Two methods of 
the synthesis of the hybrid composites were applied namely spraying and coating. Different analytical techniques of charac-
terization, i.e., Fourier-transform infrared (FT-IR) spectroscopy, scanning electron microscopy (SEM), thermogravimetric 
analysis (TGA/DTG), and energy-dispersive X-ray (EDX), were used to analyze the studied samples. The morphology of 
the abrasives displayed the presence of spherical grains on the surface with a diameter ranging from 100 to 200 µm. In the 
spraying process, the surface was characterized by the presence of hollows, bumps, and small empty areas. For the coating 
process, the fibers of the reinforcement and some drops of resins were visible on the surface of the abrasives. The EDX 
analysis suggested that the abrading action of the composite surface might be done by tearing off the iron grains. The proper-
ties of the matrices, process considered, size of the grains, and their distribution were found to be the principal parameters 
governing the abrasive process. As the particle size increases, the surface becomes rougher, allowing for more scraping of 
the materials surfaces.
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1  Introduction

Surface defects and surface roughness are present in any 
manufactured material. This unevenness needs to be 
removed from the surface in attempts to obtain acceptable 
surface requirements. The combination of particle size, 

surface roughness, and adhesion between phases are some 
factors of abrasive performances under numerous tribologi-
cal situations [1, 2]. In addition, the quality of the prepared 
abrasives is mainly affected by chemical composition, and 
abrasive microstructure, as well as the manufacturing pro-
cess, and production conditions [3]. Hard protuberances or 
implanted stiff particles cause two-body abrasion. Whereas, 
in three-body abrasion, the hard particles can move freely 
(roll or slide) across the contacting surfaces. The rate of 
material removal in three-body abrasion can be an order of 
magnitude lower than in two-body abrasion. This is because 
the loose abrasive particles only wear down the solid sur-
faces between which they happen only about 10% of the 
time, compared to 90% in bi-body abrasion [4].

Waste dumped in large quantities by industries creates 
serious environmental problems. At the lowest possible envi-
ronmental impact, the reuse of this waste will become an 
essential standard for protecting the environment [5]. Iron 
scrap is one of the substances rejected in large quantities of 
by-products from the steel industrial sector. It is the most 
common metal used in everyday life, usually in the form of 
various alloys. It is characterized by its solidity which gives 
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it an abrasive character. Various techniques have report-
edly been tried to make operational use of scrap iron and 
steel throughout the history of the iron and steel industries. 
Numerous studies have been done on using garbage in the 
concrete mix to enhance the qualities of the concrete and 
keep these unwanted components out of the environment. 
Iron ore tailings could replace some of the concrete aggre-
gate used in stiff pavements [6]. In an experimental study, 
Ghannam et al. had reported the viability of replacing some 
of the fine aggregates in the concrete mix with iron and gran-
ite powder [7]. To improve the strength of concrete, scrap 
metal was used in the research of Krirak et al., as a partial 
replacement for sand in concrete [5].

Recently, the micromachining technique known as mag-
netic field-assisted manufacturing was developed for engi-
neering materials appropriate for industrial functions [8, 9]. 
Ahmad et al. used these findings to a magnetic abrasive made 
of iron and alumina particles designed for fluid machining. 
Results indicated that combining big iron particles in a given 
quantity could reduce surface roughness [10]. Polishing per-
formance is influenced by the abrasive type, morphology, 
roughness, size distribution, and mechanical characteristics, 
among other factors [11]. A theoretical study on modeling 
and simulation of the magnetic abrasion finishing process is 
conducted by Jayswal et al. [12]. A magnetic fluid was used 
to clean a curved surface by Suzuki et al. [13, 14].

As a new contribution to the current context, we prepare 
herein a new high-performance abrasive, non-woven waste 
cellulosic fibers–iron shavings abrasive composite, at a lower 
cost from industrial waste. Indeed, the scrap metal, due to its 
high strength, roughness, and durability, is reused as abra-
sive grains. A non-woven made from natural fiber waste is 
employed as reinforcement. The low cost and density, rela-
tively high stiffness, and reusability constitute the principal 
criteria influencing the widespread use of these materials 
in composites application. The effect of the choice of used 
materials, choice of the abrasive manufacturing process on 
polishing force and MRR, and the abrasives abrasion were 
explored in this study to obtain the optimum surface condi-
tions in a high yield. SEM, EDX, TGA/DTG, and roughness 
measurements were used to perform a thorough analysis of 
the microstructure and abrasion mechanism.

2 � Experimental

2.1 � Materials

Grains of iron scrap were collected from a local market 
(Industrial zone, Monastir-Tunisia), washed, dried, and 
examined to determine the desired grain size. The pow-
dered grains are less than 0.2 mm in size. Grains with a 
size between 0.2 and 0.4 mm are selected as medium sizes 

and big grains are considered as greater than 0.4 mm. The 
non-woven used as support is composed of cotton and tow 
(50/50). Three commercial resins are studied as binders 
namely Recacryl M resin with PAZ catalyst (acrylic resin), 
Politex resin (polyurethane resin), and R-245 (polyester 
resin). Their properties were described in previous works 
[15, 16].

2.2 � Abrasives manufacturing

In this study, two methods are employed to manufacture 
abrasives namely spraying and enduction. For the spray 
process, the resin and the catalyst mixture are dosed and 
injected using an air pressure spray cannon. Following that, 
the grains are injected using the same procedure [17]. This 
open mold process is used for making boats, tanks, trans-
portation components, and ship pieces in a variety of struc-
tures [18]. Concerning the enduction process, the solution 
is poured progressively over the textile material once the 
reinforcement is secured on the coating table. The second 
coat of resin is then fully mixed with the abrasive grains. 
The third layer of grains is spread all along the surface. The 
film thickness is determined by the coating application tech-
nique. After that, each sample was dried at the polymeri-
zation temperature for just an appropriate period. Eighteen 
samples were manufactured according to the characteristics 
indicated in Table 1.

Figure 1 gives some photographs of the virgin products 
and produced non-woven materials.

Table 1   A summary of the used resins, grains size, processes, and the 
characteristics of the prepared non-woven materials

Samples Resin Grains Process

1 Politex Small size Spraying
2 Resacryl M Small size Spraying
3 Polyester Small size Spraying
4 Politex Medium size Spraying
5 Resacryl M Medium size Spraying
6 Polyester Medium size Spraying
7 Politex Large size Spraying
8 Resacryl M Large size Spraying
9 Polyester Large size Spraying
10 Politex Small size Enduction
11 Resacryl M Small size Enduction
12 Polyester Small size Enduction
13 Politex Medium size Enduction
14 Resacryl M Medium size Enduction
15 Polyester Medium size Enduction
16 Politex Large size Enduction
17 Resacryl M Large size Enduction
18 Polyester Large size Enduction
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2.3 � Characterization instruments

FT-IR spectra were used to analyze the chemical composi-
tions of the studied materials and identify the various func-
tional groups present in various abrasives using a Perkin 
Elmer spectrometer. Spectra have been recorded between 
4000 and 400  cm−1 to have a decent resolution of the 
spectrum.

The specimens were scanned using an FEI Q250 Ther-
mofisher instrument operating at 25 kV with various mag-
nifications to compare the various characteristics of com-
posites and analyze the interplay between the matrix and 
reinforcement between polishing. To perform this research, 
the sample must be metalized, which involves covering it 
with a layer of gold to make it conductive. As a result, the 
sample is emptied and subjected to an electric current gen-
erated by a cathode. Signals are produced when the sample 
and beam interact, and these signals are then captured and 
amplified to produce the image.

The elemental composition of the studied materials was 
determined using energy-dispersive X-ray analysis. The 
EDX testing was coupled with SEM.

The thermal decomposition of composite materials was 
examined in a nitrogen environment at a rate of 10 °C/min 
from 25 to 700 °C. The curves were recorded on a Perkin 
Elmer device instrument.

Roughness is the parameter quantifying the 3D geom-
etry of the surface of the systems. In this investigation, a 

Universal Surface Tester (UST, Innowep®) was used to 
measure the surface roughness parameter Ra of the studied 
composites. The UST characterization of samples (1 × 1 cm2 
zone) is analyzed using a steel ball 20 mm in diameter. The 
0.1 mm/s speed machine results in a point being captured 
every 0.5 mm.

The abrasive wear tests (ISO 12947) were performed in a 
dry state with a load of 9 N at a constant speed of 200 mm/s 
[19]. All produced composites were subjected to a 5000 

Fig. 1   Photographs showing 
virgin products and produced 
non-woven materials

Fig. 2   FT-IR spectra of abrasives: (a) non-woven Politex and iron 
medium grains, (b) non-woven Polyester and iron medium grains, and 
(c) non-woven Resacryl M and iron medium grains



21276	 Biomass Conversion and Biorefinery (2024) 14:21273–21282

1 3

cycle abrasion test to degrade the denim fabric. The particu-
lar wear rate can be determined using weight loss and thick-
ness data before and after polishing [20]. An average value 
was calculated after five measurements for each condition.

3 � Results and discussion

3.1 � FT‑IR characterization

The spectra of the samples prepared using medium iron 
grains and the three studied resins are given in Fig. 2. 
According to the spectrum of abrasives made by Poli-
tex resin, Fe–O stretching is shown in the range of 

900–300 cm−1 [21]. Namdouri et al. [22] demonstrated 
that Goethite (α- FeOOH) can be taken into account at 
the pic of 1124 cm−1 [23]. Band characteristic of hydroxyl 
groups was observed in the region of 3372 cm−1. Tro-
vati et al. [24] attributed the two bands around 2938 and 
2854 cm−1 to symmetric and non-symmetric stretching of 
the methyl and methylene groups. According to Pathania 
et al. [25], C-H bending is shown at 1155 cm−1. In the 
research of Misawa et al. [26], the first oxides to develop 
when the iron is exposed to the atmosphere are Fe oxy-
hydroxides, which are oxidized from Fe(II) complexes. In 
the case of acrylic resin, we denote the presence of vinyl 
patterns. Indeed, the peak observed at 1697 cm−1 could 
be assigned the C = C group. Qinhuo [27] specified that 

Fig. 3   SEM images of the abrasive manufactured by medium grains and politex resin using (a) spraying and (b) enduction processes

Fig. 4   SEM images of abrasive manufactured after polishing made by medium grains, and Politex resin using:(a) spraying and (b) enduction 
processes
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the acrylic agent has a peak characteristic at 1100 cm−1 
-1150 cm−1 which is attributed to the alkyl stretch band 
group (C–O–C). The band at 1750 cm−1 corresponds to 
the C = O group.

3.2 � Morphology analysis

Figure 3 shows the abrasive surface made by medium grains, 
politex resin, and prepared by pulverization and enduction 
methods, respectively. The morphology of the surfaces 

shows that the grains are spherical. Using the spraying 
process, the appearance of hollows and bumps is due to the 
maldistribution of grains. There is some grain buildup in 
areas and small empty areas [28]. This result was predictable 
since the grains are produced by a spray gun. Regarding the 
coating process, the fibers of the reinforcement are visible 
on the surface of the abrasives. Also, drops of resins can be 
observed on the surface of the abrasives. This result is due to 
the application of a mixed layer of resin and grains.

Fig. 5   EDX analysis of 
manufactured abrasive before 
abrasion made by medium 
grains, and Politex resin using 
(a) spraying and (b) enduction 
processes
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Figure 4 shows the surfaces of abrasives used after the 
abrasion test. In fact, SEM images display the disappearance 
or breakage of a few grains. The manufacture of abrasives by 
the coating process generates an improved surface compared 
to those obtained by the spraying process. This is because 
the spray gun makes it possible to arbitrarily inject the grains 
onto the surface. On the contrary, the coating table makes 
it possible to spread the grains in a homogeneous way all 
along the surface.

3.3 � EDX analysis

Figure 5 shows the EDX images taken at the initial state 
of the abrasives made by medium grains and politex resin 

using spraying and enduction processes. As it is observed, 
the intensity of the peak related to the presence of iron is 
more important for the spray method as compared to the 
enduction method. This trend could be explained by the fact 
that the compaction nature of the grains by spray gun results 
in the accumulation of metallic grains in the same area. On 
the contrary, the coating process allows, on the surface, a 
layer mixed with resin and grains [29]. The spectra displayed 
also the presence of other elements including aluminum. 
The elemental analysis of this specimen revealed particles 
containing mainly carbon, oxygen, and iron. The element Au 
observed in the spectrum is intended for the metallization of 
samples by gold. Also, aluminum, silicon, potassium, and 

Fig. 6   EDX analysis of manu-
factured abrasive after abrasion 
by medium grains and Politex 
resin using (a) spray and (b) 
coating processes
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calcium are found. In addition, small amounts of magne-
sium, sodium, and chlorine are present.

Figure 6 gives the EDX analysis of the prepared com-
posites after abrasion process by medium grains and poli-
tex resin using spray and coating techniques. Indeed, after 
the abrading process, there was a decrease in the Fe peaks, 
which indicated that the abrading action of the surface is 
done by tearing off the iron grains. The increase in C, O, 
and Al peaks may be due to the presence of cavities, which 
allow waste from the piece to be polished to penetrate the 
amorphous part of the composites [30].

3.4 � Thermal analysis

Thermogravimetric curves related to the reinforcement, 
the matrix (Politex), and iron medium grains are presented 
in Fig. 7. The TGA and the corresponding DTG curves of 
a pure non-woven show a single-step thermal degradation 
at 340 °C corresponding to the thermal hydrolysis of the 
cellulose [31]. Politex resin’s DTG curve demonstrates the 
decomposition at different temperatures. Urethane bond 
rupture, which occurs at 135 °C, is responsible for the 
first mass loss. Between 100 and 200 °C, a fast weight 
loss of 60% was noted. From the DTG curve, a signifi-
cant exothermic peak at 100 °C is seen. The second one 
at 350 °C is related to the ester group decomposition [32]. 
All urethane groups break down above 400 °C, and the 
final deterioration of the PU is caused by the breakdown 
of the urea group [33]. Based on Fig. 7 c, the thermogravi-
metric analysis of grains revealed a significant weight loss 
(about 35%) at 300 °C which is based on the total mass 
of iron [34]. This result proves the good resistance of iron 
grains to heat [35].

3.5 � Surface roughness

The surface roughness results were summarized in Table 2. 
In fact, this parameter has a significant impact on the mate-
rial removal process along with the types of polishing. 
The samples differ by the particle size of the grains, the 
type of process considered, and the choice of resin. As 
grain size increases, there is a greater fluctuation in the 
surface roughness value. If the grain size is sufficiently 
large, the increase in indentation depth may increase sur-
face roughness [36, 37]. Shadab et al. demonstrated an 
improvement in surface roughness using large iron parti-
cles [10]. The values found herein show that there was not 
much improvement in surface roughness when changing 
the resin and the process type. The surfaces of the sam-
ples obtained by the spraying process are rougher com-
pared to those obtained by the coating process. Indeed, 

the injection of the grains by a spray gun is manual, which 
makes it possible to create superimposed layers of grains 
resulting in non-uniform surfaces as shown by the SEM 
imagery illustrated in Fig. 3 a and EDX analysis given in 
Fig. 5 a. On the other hand, the coating process allows the 

Fig. 7   TGA/DTG curves of (a) non-woven, (b) Politex resin, and (c) 
iron medium grains
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sedimentation of the particles over the entire surface in a 
more uniform way [38, 39].

3.6 � Abrasive wear rate measurement

This analysis is performed on abrasives manufactured 
as shown in Table 1. According to Fig. 8, it is clearly 
observed that as the grits of the abrasives get larger, the 
abrasion process becomes more efficient and faster in 
scraping the fabric. For example, sample 7, which con-
sists of large iron grains, and politex resin and obtained 
by spraying process, admits better results compared to 
sample 1 obtained by small iron grains in the same con-
ditions [28]. In this context, Singh et al. [28] studied the 
influence of abrasive grain size on the wear of metallic 
materials. Depending on the use of abrasives, for example 
for a finishing or polishing process, the choice of grain 
size is necessary [40]. For the application of abrasives 
with large irons, it is found that the loss of abrasive mass 
is greater. Indeed, the grains are large so they are more 
apt to tear due to the size of the particle [41]. The meas-
urements calculated for the spraying process are lower 
than those calculated for the coating process. This effect 
can be explained by the structural defects caused by the 
spraying process which is due to the arbitrary injection of 
the grains by the spray gun. We can infer that the coating 
process promotes adhesion between product components 
compared to the spraying proces. Politex resin has the best 
scraping and adhesion results between the components of 
the composite. This result is described by the flexibility 

and good adhesion of the polyurethane resin with the cel-
lulosic nonwoven.

4 � Conclusion

In this study, low-cost abrasives with a good performance 
were prepared using spraying and coating techniques. The 
properties of the matrices, process considered, size of the 
grains, and their distribution were the principal parameters 
affecting the abrasive process. FT-IR spectra confirmed 
the adhesion between the non-woven, resin, and abrasive 
grains. SEM analyses proved the effect of abrasion on the 
surface of abrasives. After the abrading process, the EDX 
analysis suggested that the abrading action of the surface 
might be done by tearing off the iron grains. The evalu-
ation of the mechanical analysis (abrasion test) indicated 
that the abrasives produced by the coating process have 
better abrasion resistance compared to those obtained by 
the spraying process. The roughness and surface morphol-
ogies of abrasives are mainly affected by the type and size 

Table 2   Roughness values related to the studied samples

Samples Resin Grains Process RZ (µm) SD

1 Politex Small size Spraying 450 0.52
2 Resacryl M Small size Spraying 430 0.63
3 Polyester Small size Spraying 420 0.94
4 Politex Medium size Spraying 890 0.88
5 Resacryl M Medium size Spraying 875 0.72
6 Polyester Medium size Spraying 870 0.43
7 Politex Large size Spraying 1320 0.82
8 Resacryl M Large size Spraying 1300 0.69
9 Polyester Large size Spraying 1290 0.47
10 Politex Small size Enduction 400 0.55
11 Resacryl M Small size Enduction 360 0.54
12 Polyester Small size Enduction 395 0.67
13 Politex Medium size Enduction 870 0.58
14 Resacryl M Medium size Enduction 850 0.66
15 Polyester Medium size Enduction 860 0.98
16 Politex Large size Enduction 1300 0.83
17 Resacryl M Large size Enduction 1245 0.72
18 Polyester Large size Enduction 1265 0.58
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of the abrasives. The abrasives can be categorized based 
on the intended polishing. In the sanding process, large 
grits can be used. Small-scale grains are suited for finish-
ing operations.
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