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Abstract
During marble mining, processing, cutting and polishing, more than 12 MT (million tons) of marble waste is produced 
in the state of Rajasthan, India, which is now a major environmental issue. The marble waste used in the present study 
was collected from Makrana marble mining, Rajasthan. The major mineral present in marble waste were calcite  (CaCO3), 
dolomite (CaMg(CO3)2) and quartz  (SiO2). Composite materials were made using marble waste with epoxy resin. Textile 
fibres such as jute, cotton and glass fibres were used as reinforcing materials. The hybrid composites exhibited 54% better 
flexural strength (48.48 MPa) than the commercially available medium density fibre boards (24.23 MPa). Water absorption 
and thickness swelling values were less than 1% in green composites. The microstructural study of fractured surface of 
hybrid composite showed good interfacial bonding between the marble waste, fibre and the matrix. The findings of this 
study showed a promising outcome in introducing a new class of hybrid green composites to the composite industry  
and  society  for multifunctional applications, creating an avenue for circular economy with major environmental benefits.
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1 Introduction

Inorganic wastes generated during different industrial 
processes in abundance are of great concern leading to 
damage the natural resources, influence environment 
degradation and entangle global warming. About 16 
MT of marble waste is generated annually in India and 
improper management of this industrial waste has led 
to environmental contamination at great extent. [1] New 
advancements in solid waste management have resulted 
in newer applications of these wastes such as alternative 
construction materials and substitute to traditional materi-
als such as bricks, tiles, aggregates, ceramics, cement, and 
timber [2]. Marble powder also known as calcite tailing is 
a residual material resulting from the cutting and polish-
ing of marble stone. In the recent years marble industries 
in many countries reached a new level of popularity and 

thus volume of marble waste powder and scrap produced 
has been increasing manifold annually. In last decades, 
researchers and manufacturers have shifted their focus 
from synthetic to natural fibre for use in making compos-
ite materials because of low cost and abundant availability 
in nature [3–5]. Usage of traditional synthetic fibres is now 
getting limited to few applications because of their haz-
ardous nature and environmental point of view [6]. Marble 
waste has been used for many applications such as, geo-
technical, building materials, chemical adjuvant for acid 
mine and reclamation [7], soil amendment to neutralize 
the acidic soil and soil treatment which in turn improved 
the yield of the hazelnut field [8, 9]. Marble stone slurry 
waste has been utilised as primary aggregate in concrete 
also marble sludge powder waste as a substitutes for natu-
ral sand in concrete [10, 11]. Marble waste has also been 
used to replace a part cement, to increase the compressive 
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strength and also as an additive in composite cement pro-
duction [12, 13]. Marble waste was used in making geo-
polymer based bricks which an increase in compressive 
strength and bulk density because of the improved inter-
facial adhesion [14]. In another research the waste pieces 
of marble was used as crushed stone instead of limestone 
in self-consolidating concrete (SCC) [15].

Marble waste has also been explored to produce com-
posite products, using different type of matrix and fillers [16, 
17]. The marble waste was processed and mixed in polymer 
matrix without any fibre reinforcements to make compos-
ite as artificial stones [18]. Artificial stones were made with 
density close to marble and some properties better than 
the marble [19]. Marble waste was used with fibre reinforce-
ment to make hybrid composites with about 31% better 
flexural strength [20]. From literature survey it has been 
found that in last 10 years significant research has been 
done in countries like Italy, Turkey and Brazil. Work done so 
far use of marble waste for making polymer matrix compos-
ite using various techniques like, compression moulding, 
vacuum bagging, and vacuum vibro compression for the 
high density composites [19]. In a research work, recycled 
PET and marble waste was used to make composite using 
extrusion system followed by injection moulding, which 
showed good mechanical properties [21]. Micromarble par-
ticles along with glass fibre were used to make composite 
tiles using recycled PET as the binder matrix [22]. Mechani-
cal property of composite with high marble waste contents 
(60–80%) and with different polymer system (Epoxy/PE) was 
evaluated and it was found that composites with PE and 
marble waste showed better flexural property than com-
posites with epoxy and marble waste [16].

Marble waste production has also been increased in 
India in recent years mainly in state of Rajasthan. Many 
hectares of land have been occupied for disposal and stor-
age of waste marble slurry which now became a serious 
problem in this State. Literature survey revealed that in 
India, as compared to world scenario, less research have 
been done for the utilization of marble waste slurry. In a 
study, granite and marble waste was mixed with epoxy 
resin along with glass fibre to make high performance 
composite [23]. In another study, along with jute fibre mat 
and epoxy resin Rajasthan marble waste was used in vary-
ing weight percentage to make composites [24]. Marble 
waste has utilization potential in the area of bricks, con-
crete and wood substitute composite materials. Potential 
usage of marble slurry waste along with natural jute fibre 
for making door shutters has also been explored [25].

The aim of this study is to characterize the marble 
waste collected from the marble slurry dumping sites in 
Makrana, Rajasthan and to produce a new class of com-
posite materials from marble waste. The impact of various 
natural and synthetic fibres along with the marble waste 

particulates was studied in making the hybrid green com-
posite materials.

2  Materials and methods

2.1  Materials

The marble waste used in the present study was collected 
from marble waste slurry dumping sites in Makrana, 
Rajasthan, India. The commercially available jute tex-
tile fibre, cotton textile fibre and glass textile fibre were 
used in this study as a reinforcement materials for making 
composites. Epoxy resin (Lapox B-11) having epoxy value 
5.25–5.45 and specific gravity 1.16 was used. Hardener 
(K-48) in combination with epoxy having pot life 20 min 
was used as a matrix material in composites sample.

2.2  Sample preparation

The marble waste was first ground to get uniformity in 
particle size, further dried in oven at 70 °C for 72 h. The 
Epoxy and Hardener were used in the ratio of 10:1 for the 
preparation of composites and different specimens were 
casted in a mould size of 30 cm × 30 cm incorporating with 
various natural and synthetic fibres (jute, cotton and glass) 
with the addition of treated marble waste, under compres-
sion moulding system at 120 ± 5 °C at a pressure 45 psi for 
10 min followed by curing at 36 ± 2 °C for 8 h. Schematic 
diagram of sample preperation is shown in Fig. 1. The per-
centage of the marble waste in all composite specimens 
were kept 60% by weight, which was decided based on 
the initial experiments.

2.3  Testing

X-ray diffraction was done using Rigaku (Japan) Miniflex-
II desktop X-ray Diffractometer. Thermogravimetric analy-
sis was done using Metler Toledo (USA) TGA/DSC-1 star 
system. For determination of conductivity and pH of the 
marble waste LABMAN (India) Conductivity meter LMCM-
20 and LABMAN pH meter 5 point calibration LMPH-12 
were used respectively. For particle size analysis Horiba 
LA95052 particle size distribution analyser was used. 
For the evaluation of tensile properties, samples were 
prepared according to the ASTM D638-14 and the test 
was conducted on Instron (USA) 8800 universal testing 
machine (UTM). For the determination of the flexural 
properties of the composites the three point bend sam-
ples were prepared according to the ASTM D790-17 and 
test was done on Lloyd Instrument (UK) LRX Plus UTM. The 
breaking force and extension at maximum load of the fab-
ric used in this study was calculated according to ASTM 



Vol.:(0123456789)

SN Applied Sciences (2020) 2:347 | https://doi.org/10.1007/s42452-020-2133-5 Research Article

5053-11 using Lloyd Instrument (UK) LRX Plus UTM. The 
24 h water absorption test of the polymer composites was 
determined in accordance with the ASTM D 570-8 and the 
thickness swelling was also calculated from rectangular 
strips immersed in deionized water for 24 h at the room 
temperature.

3  Results and discussion

3.1  Marble waste

3.1.1  X‑ray diffraction

Figure 2 shows XRD pattern of the marble waste collected 
from Makrana district of Rajasthan, it was observed that 
(Fig. 2) marble waste has three major minerals namely 
calcite  (CaCO3), dolomite (CaMg(CO3)2) and quartz  (SiO2). 
Based on their relative intensity, it was confirmed that 
dolomite concentration in this sample is slightly high as 
compared to calcite and quartz. The mineralogical stud-
ies of marble waste sample showed dolomite as major 
mineral which might be reason for higher bulk density as 
compared to the reported value in the previous work [26].

3.1.2  Thermogravimetric analysis

From the obtained TGA data illustrated in Fig. 2, this mar-
ble sample collected from Markrna, Rajasthan showed 
similar thermal profile as that of a typical pure calcium 
carbonate. The samples underwent water loss around 

100–110 °C followed by a high decomposition, reaching 
approximately 42% between 695 and 799 °C. A smooth 
and steady decomposition was observed with a well-
defined inflection point.

3.1.3  Physical properties

The bulk density of the samples was found to be 1.49 g/
cc while specific gravity was 2.59 of the collected marble 
waste. The porosity was 43.52. Mean particle size of the mar-
ble waste was 65.8 µm with  D10 and  D90 values 29.56 µm and 
101.53 µm respectively. Electrical conductivity was 0.30 mS/
cm and pH of the marble waste was 7.83 which indicates 
the equal concentration of hydroxide and hydrogen ions 
in the sample. A previous work [13] reported almost simi-
lar value of specific gravity (2.60) while another work [27] 
showed slightly higher value of specific gravity (2.62–2.72). 
The higher value of porosity indicates the presence of more 
degree of saturation and void ratio. The work done by [28] 
showed highly alkaline pH which indicates that the sample 
was fresh and less exposed to environment. The research 
done by [29] showed electrical conductivity of 2.20 mS/cm 
which is higher than present work. The value of electrical 
conductivity is directly proportional to the concentration 
of anions or cations in the sample degree of weathering in 
natural weathering.

3.1.4  FTIR analysis

The FTIR spectrum of marble waste collected from 
Makrana is presented in Fig.  3. It was observed that 

Fig. 1  Schematic diagram of sample preparation
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absorption band of carbonate dominate the spectrum 
as reported in other works [30, 31]. The absorption band 
at 1092 cm−1 can be attributed to symmetric stretching 
of carbonate group. The sharp bands at 873 cm−1 and 
712 cm−1 arose due to out-of-plane bending and in-plane 

bending respectively. The strong and large band observed 
at 1406 cm−1 is due to asymmetric stretching of carbon-
ate. A small band observation detected at 1801 cm−1 can 
be further attributed to a combination of both symmetric 
stretching and in-plane bending.

Fig. 2  XRD analysis and TGA analysis of Makrana marble sample

Fig. 3  FT-IR spectra of the marble waste (marble waste insert)
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3.2  Composites

3.2.1  Tensile properties

In the present study, composites made with jute fibres 
showed a tensile strength of 20.59 ± 1.56 MPa with the 
maximum strain of 0.78% (Fig. 4) and tensile modulus 
was 4.42 ± 0.61 GPa which is lower than composite with 
only marble waste (6.27 ± 1.06 GPa). It is reported that 
lower marble waste content (30%) and jute fibre as rein-
forcement 75% increase in tensile strength was achieved 
[24].  In the present study, the composite with cotton 
textile fabric reinforcement showed a tensile strength of 
9.90 ± 2.64 MPa (Fig. 5). Cotton fiber reinforced compos-
ite showed modulus of elasticity of 4.20 ± 0.48 GPa which 
is almost similar to that of composite with jute fibres. In  
previous reported work, composites with recycled PET and 
marble waste showed a tensile strength of 16 MPa [21]. In 
the present study, the composites with glass fibres showed 
a tensile strength of 89.40 ± 4.29 MPa and tensile modu-
lus of 5.21 ± 0.54 GPa (Fig. 6). The strain obtained in this 

case was 4.2% which is higher than all other composites. 
In a previous research work, lower granite waste content 
(20%) and higher glass fibre content (40%) was used and 
tensile strength of 269 MPa was obtained [23]. The com-
posite with only marble waste showed a tensile strength 
of 12.85 ± 2.36 MPa (Fig. 7) and maximum strain of 0.32%. 
Characteristics such as weight (GSM), breaking strength 
and elongation at break of jute, cotton and glass textile 
fabric are shown in Table 1.    

3.2.2  Flexural properties

The jute based composites showed flexural strength of 
48.48 ± 3.66 MPa (Fig. 8) which was similar to the compos-
ites with only marble waste. The corresponding modu-
lus value was 6.31 ± 0.21 GPa and maximum strain was 
1.38%. In comparison, flexural strength of 71.87 MPa was 
achieved in a previous study by using half the filler content 
and higher jute fibre weight content (40%) in epoxy based 
composites [24]. The cotton fibre composites showed the 
flexural strength of 37.20 ± 2.01 MPa and flexural modulus 

Fig. 4  Tensile test results of the 
EPC-J composite sample

Fig. 5  Tensile test results of the 
EPC-C composite sample
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of 7.50 ± 0.26 GPa (Fig. 9). The flexural strength was mini-
mum in the case of cotton fibres as compared to all other 
composites. Strain was also minimum as compared to all 
other composites with a value of 0.6%. A previous study 
reported a flexural strength of 22.2 MPa with similar mar-
ble waste and resin content without any fibre reinforce-
ment [16]. In the present study, composites with the glass 
fibre showed the flexural strength 136.04 ± 12.96 MPa 
and the flexural modulus of 7.51 ± 0.52 GPa (Fig. 10). The 
strain was also 3.5% which is higher than all other com-
posites. Another work [23] reported that even with much 
lower filler content (20%) and high weight proportion of 
glass fibre (40%), 316 MPa flexural strength was obtained. 
Composite with only marble waste and epoxy showed 
a flexural strength of 48.05 ± 1.19 MPa and the flexural 
modulus of 7.12 ± 0.43 GPa, the strain was only 0.8% 
(Fig. 11). Pine cone dust and ATH [32] resulted in flexural 
strength of 51.36 MPa. Flexural strength of 22.2 MPa was 
achieved with similar marble waste content [16]. Graphical 

Fig. 6  Tensile test results of the 
EPC-G composite sample

Fig. 7  Tensile test results of the 
EPC-MW composite sample

Table 1  Breaking strength and elongation

Textile fibres Sample
ID

Maximum 
Load (N)

Extension at 
Max. Load (mm)

Weight
(GSM)

Cotton C1 66.22 11.17 46.3
C1 52.62 9.81 49.2
C3 68.92 11.40 45.8
Mean 62.59 10.79 47.1
SD 8.74 0.86 1.8

Jute J1 249.83 3.53 241.9
J1 187.53 4.40 250.1
J3 201.72 4.07 242.1
Mean 213.03 4.00 244.7
SD 32.65 0.44 4.7

Glass G1 909.02 5.42 371.3
G2 832.28 7.00 362.4
G3 829.38 4.12 364.9
Mean 856.89 5.51 366.2
SD 45.17 1.44 4.6
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comparison of tensile modulus and flexural modulus of all 
the prepared composites is ahown in Fig. 12.    

Overall, all the hybrid green composite materials 
showed superior flexural and tensile modulus values than 
the convention wood products like MDF, PB and Ply wood. 

The teak wood showed a closer value of flexural and ten-
sile values to Hybrid Green Composite (Table 2).

Fig. 8  Three point bending 
test results of the EPC-J com-
posite sample

Fig. 9  Three point bending 
test results of the EPC-C com-
posite sample

Fig. 10  Three point bending 
test results of the EPC-G com-
posite sample
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3.2.3  Water absorption and thickness swelling

The density of the marble waste composites with different 
fibres varied between 1.5–1.7 g/cm3 while the other con-
ventional wood products varied between 0.52–0.69 g/cm3 

(Fig. 13). The increase in the density of these composites 
is due to the high bulk density of marble waste which is 
1.49 ± 0.002 g/cm3. The water absorption of composites 
was higher with the jute fabric (0.562 ± 0.015%) as com-
pared to due to presence of large number of –OH group 

Fig.11  Three point bending 
test results of the EPC-MW 
composite sample

Fig. 12  Comparison of tensile 
modulus (TM) and flexural 
modulus (FM) of the compos-
ite samples with commercial 
products

Table 2  Comparison of 
mechanical and physical 
properties of materials

TS tensile strength, TM tensile modulus, FS flexural strength, FM flexural modulus, WA water absorption, 
ThS thickness swelling, ρ density; aTested at CSIR-AMPRI

S. no Material TS (MPa) TM (GPa) FS (MPa) FM (GPa) WA (%) ThS (%) ρ (g/cm3)

1 EPC-MW 12.85 6.27 48.05 7.12 0.09 2.02 1.565
2 EPC-Jute 20.59 4.42 48.48 6.31 0.56 0.00 1.557
3 EPC-Cotton 9.90 4.45 37.20 7.50 0.15 0.00 1.630
4 EPC-Glass 89.4 5.21 136.04 7.51 0.53 0.65 1.687
5 Teak 57.47 6.73 65.99 6.53 48.02 – 0.521
6 MDFa 13.33 2.84 24.23 2.23 87.74 18.42 0.694
7 PBa 20.80 2.08 16.15 1.95 43.37 30.39 0.652
8 Plya 54.02 4.29 57.19 3.78 62.87 9.96 0.525
9 Tipwood® 80.00 – 70.00 6.00 1.20 – 1.150
10 MDF Grade –I – 2.8 28 – 30 4 0.6–0.9
11 HD PB BWR Grade 34.32 – 44.13 – 10 – 0.9–1.2
12 Plywood BWR Grade – 4.5 36 – – – –
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in jute (cellulosic). The present study revealed that there is 
negligible thickness swelling in the composites which indi-
cates that there no swelling or shrinkage in the material 
which is considered an important parameter for practical 
applications. Though most previous studies don’t mention 

thickness swelling property but in one case [16] the thick-
ness swelling was almost similar to the one reported in 
present study. Mechanical and Physical properties of the 
composite materials along with their repetition, mean 
values and standard deviation values are given in Table 3. 

Table 3  All properties hybrid 
composites

TS tensile strength, TM tensile modulus, FS flexural strength, FM flexural modulus, WA water absorption, 
Th.S thickness swelling, ρ density

S. no. Sample ID TS (MPa) TM (GPa) FS (MPa) FM (GPa) ρ (g/cm3) WA (%) ThS (%)

1 EPC-Jute R-1 19.15 4.50 49.10 6.62 1.684 0.546 0.000
R-2 20.23 4.07 50.35 6.39 1.581 0.565 0.000
R-3 21.61 4.50 52.01 6.12 1.406 0.575 0.000
R-4 22.75 5.33 48.54 6.31 – – –
R-5 19.22 3.71 42.38 6.10 – – –

Mean 20.59 4.42 48.48 6.31 1.557 0.562 0.000
SD 1.56 0.61 3.66 0.21 0.115 0.015 0.000

2 EPC-Glass R-1 96.03 5.76 124.15 7.39 1.549 0.137 0.666
R-2 89.85 5.46 127.04 7.53 1.761 0.165 0.662
R-3 85.92 5.24 148.45 7.54 1.752 0.158 0.622
R-4 89.93 5.25 151.67 8.26 – – –
R-5 85.26 4.32 128.91 6.81 – – –

Mean 89.40 5.21 136.04 7.51 1.687 0.153 0.650
SD 4.29 0.54 12.96 0.52 0.098 0.015 0.024

3 EPC-Cotton R-1 8.25 4.11 36.16 7.14 1.558 0.156 0.000
R-2 8.77 5.07 38.90 7.82 1.583 0.173 0.000
R-3 10.37 4.01 34.59 7.35 1.749 0.142 0.000
R-4 14.29 4.86 36.87 7.63 – – –
R-5 7.8 4.2 39.48 7.56 – – –

Mean 9.90 4.45 37.20 7.50 1.630 0.157 0.000
SD 2.64 0.48 2.01 0.26 0.085 0.016 0.000

4 EPC-MW R-1 13.75 7.84 47.24 7.44 1.442 0.097 2.075
R-2 10.36 5.96 47.55 7.70 1.707 0.090 2.007
R-3 15.67 5.56 49.67 6.90 1.546 0.092 1.977
R-4 14.07 5.2 48.91 6.69 – – –
R-5 10.42 6.81 46.87 6.89 – – –

Mean 12.85 6.27 48.05 7.12 1.565 0.093 2.020
SD 2.36 1.06 1.19 0.43 0.109 0.004 0.050

Fig. 13  Comparison of density, water absorption (WA) and thickness swelling (Th S)
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3.2.4  Microstructural analysis

Microstructure of the fractured surface of the composites 
were studied under FE-SEM. Figure 14a shows bonded 
marble waste particle with the jute fibres indicating that 
the epoxy resin is binding the particles and fibres lead-
ing to an effective stress transfer. Figure 14d shows rup-
tured jute fibres which is further indication of good bond-
ing between matrix and fibres. In Fig. 14b there was no 
void observed between the fibre and the matrix indicat-
ing proper wetting of fibres in matrix. Some pores were 
also observed which can be attributed to the air bubbles 
trapped in matrix during the high viscous mixing of resin. 
Air voids/pores results in inefficient adhesion and also act 

as stress concentration points and thus are the reason for 
lesser strength of composite materials [33].

3.2.5  FTIR analysis

Fourier transform infrared spectroscopy of all the com-
posite samples was performed. The FT-IR spectra of the 
four epoxy composites are presented in the Fig. 15. Since 
ATR technique characterize only the surface, it is not 
possible to identify band appearing due to Jute, Glass 
and Cotton fibres embedded within the matrix. Nev-
ertheless, following bands emanating from epoxy can 
be assigned that are common in all spectra [34] [35]. 
Band at 3320–2270  cm−1 represents O–H stretching 

Fig. 14  Microstructure of hybrid composites
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while  bands  at  3062–3036  cm−1 represents stretching 
of C–H of oxirane ring. 2961–2865 cm−1 bands represent 
stretching of C–H and CH aromatic and aliphatic. The band 
appearing at  1717  cm−1 represents stretching in C=O 
bond was observed to be weakest in case of glass fibre 
composites. 1606–1581 cm−1 is the stretching in C=C aro-
matic ring from epoxy. 1507 cm−1 is the stretching in C–C 
of aromatic ring from epoxy. Bands at 1032–1104 cm−1 
represents the stretching in C–O–C of ethers and were 
of weakest intensity in case of glass fibres composites. 
873 cm−1 represents out of plane bending of carbonate 
group from marble 826 cm−1 represent the stretching 
C–O–C of oxirane group. 768 cm−1 represent rocking  CH2 
group.

4  Conclusions

In this study, calcite and dolomite rich marble waste was 
used as a filler with different natural and synthetic textile 
fibres as reinforcement materials in epoxy resin medium 
to make hybrid green composites. The manufactured 
composites with jute fibre exhibited tensile strength 
of 20.59 ± 1.56 MPa, flexural strength of 48.48 ± 3.66 MPa, 
water absorption of 0.56 ± 0.015% and no dimensional 

change. Glass fibre reinforced marble waste compos-
ites showed tensile strength of 89.4 ± 4.29 MPa, flexural 
strength of 136.04 ± 12.96 MPa. The performance of the 
composite reveals that there is great scope for application 
of this hybrid composites in building materials and furni-
ture industries. The consumption of marble waste in large 
amounts (more than 60% by wt.) in these composites will 
lead to sustainable recycling and management of marble 
waste in converting it into highly durable and sustain-
able green composites. Further the use of jute fibres will 
increase the biodegradability and recyclability quotient of 
the composites while promoting a sustainable materials 
strategy.
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