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ABSTRACT: Spent coffee grounds (SCG) are a ubiquitous byproduct of coffee consumption, representing a significant
waste management challenge, as well as an untapped resource for economic development and sustainability. Improper
disposal of SCG can result in environmental problems such as methane emissions and leachate production. This study
aims to investigate the physicochemical properties of SCG and their potential as a reinforcement material in
polypropylene (PP) to fabricate an eco-friendly composite via extrusion and injection molding, with SCG filler ratios
ranging from 5-20%. To evaluate the effect of SCG on the morphological and mechanical properties of the bio-
composite, thermogravimetric analysis, SEM, tensile, flexural, and impact tests were conducted. The results
demonstrated that the addition of SCG lead to a slight increase in brittleness of the composite but did not
significantly affect its mechanical properties. Impressively, the presence of a significant organic component in SCG
contributed to the enhanced thermal performance of PP/SCG composites. This improvement was evident in terms of
increased thermal stability, delayed onset of degradation, and higher maximum degradation temperature as compared
to pure PP. These findings suggest that SCG has potential as a filler material for PP composites, with the ability to
enhance the material's properties without compromising overall performance. 
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1. INTRODUCTION

In recent years, there has been a pronounced escalation
identified in the demand for eco-friendly novel materials in
the global market. The excessive production and improper dis-
posal of waste have led to severe environmental consequences,
including pollution, depletion of natural resources, and habitat
degradation. In order to address this pressing issue, it is imper-
ative to explore and develop novel eco-friendly materials that
can help in reducing the anti-green materials waste. In process
of finding these ecological materials, researchers are showing
keen interest in spent coffee ground (SCG) as a potential sus-
tainable green material. Coffee is a universally cherished bev-
erage, which produces the tremendous amount of unused
byproduct in the form of SCG. Improper management of SCG
results in organic waste and contribute in environmental pol-
lution through the release of methane gas in landfills, soil and

water contamination etc. [1]. But the researchers proposed the
potential of SCG in production of valuable assets and by uti-
lizing this waste byproduct of coffee will contribute in reduc-
tion of waste as well [2,3]. Some research endeavors have been
undertaken to explore the utilization of SCG in producing
organic compost [4], fuel pellets [5], and improve thermal
insulation in construction materials [6]. Furthermore, over the
past few years, researchers have also investigated the potential
of SCG as a raw material for extracting natural antioxidants
[7], producing ethanol [8], biodiesel [9], polyhydroxyal-
kanoates (PHA) [10], and polymer composite [11]. Spent Cof-
fee Grounds (SCG) have been increasingly studied as a natural
filler for polymer composites, owing to their high cellulose, lig-
nin, and hemicellulose content, which can enhance the
mechanical strength and thermal stability of the composite.
SCG can be utilized as a reinforcement material due to their
unique composition. However, achieving proper dispersion of
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spent coffee grounds (SCG) within a polymer matrix presents
a challenge due to the differences in surface energy and chem-
ical composition between the two materials. The inherent
hydrophilic nature of SCG, coupled with the hydrophobicity of
most polymers, results in poor interfacial adhesion, which can
adversely affect the mechanical properties and durability of the
composite materials [12,13]. To date, various chemical treat-
ment methods have been applied to improve the interfacial
interaction between SCG and the polymer matrix. Recent
studies have investigated the purification of spent coffee
grounds (SCG) through alkalization and bleaching treatments
by Hamid Essabir and the team [14]. The researchers found
that alkalization and bleaching treatments can be used to
purify spent coffee grounds (SCG), resulting in an improve-
ment of interfacial interaction between SCG and the polymer
matrix. In this experimental study, spent coffee grounds (SCG)
were subjected to thermos treatment to investigate their
potential as a reinforcement material in polypropylene (PP)
without the need for chemical treatment. Various ratios of
SCG were incorporated into the PP matrix, and the resulting
bio-composites were evaluated in terms of their morpholog-
ical, mechanical, and thermal properties. 

2. MATERIALS AND EXPERIMENTAL

2.1 Materials
Spend coffee grounds were collected from the campus coffee

shop at Changwon National University in South Korea. The
PP used in this study had a Tm of 173°C, a melt flow index of
10.5 g/10 minutes at 230°C, and a density of 0.905 g/cm3 at
room temperature. The PP was obtained from Chemko S.C.
Corp., also located in South Korea. 

2.2 Preparation of Composite Materials
The collecting SCG was subjected to a washing process to

remove impurities, followed by drying in an oven at 70°C for
24 h. Then, 50 g of the dried SCG powder was added to 500 ml
of distilled water and subjected to mechanical stirring at 100°C
for 1 h. The resulting SCG was then dried in the oven at 70°C.
Prior to incorporating SCG into the PP matrix, the SCG pow-
der underwent a sieving process using a 90 μm mesh to
achieve a micro-sized particle. Onwards, in the production
process of PP/SCG bio-composites, four different SCG ratios,
ranging from 5%, 10%, 15%, and 20%, were incorporated to
PP. The mixture was processed in a twin-screw co-rotating
extruder at a temperature of 180°C for three cycles. The result-
ing PP/SCG pellets were then put into injection molding to
produce the PP/SCG composite specimens.

2.3 Characterization
The size of the spent coffee grounds (SCG) was evaluated

using an optical microscope (Olympus BX53M), and the mor-
phology of PP/SCG composites were analyzed by scanning

electron microscopy (SEM) using an Emcrafts cube 2 SEM at
20 kV (EMCRAFTS.CO, Korea). Thermal stability of the PP/
SCG composites was evaluated using thermogravimetric anal-
ysis (TGA) carried out on a Q600/SDT, TA Instrument. About
10 mg of each sample was placed in a platinum pan under an
inert nitrogen (N2) atmosphere. The temperature range for the
analysis was set between 30°C to 700°C, and the samples were
heated at a rate of 10°C/min. The weight loss percentage and
its first derivative were recorded as a function of temperature.

2.4 Mechanical Characterization
The tensile properties of the PP/SCG composite samples

were evaluated in accordance with the ASTM D638 standard
using a universal tensile testing machine equipped with a 2.5-
ton load cell. Prior to the test, five specimens of each sample,
with a length of 75 mm and a width of 10 mm, were dried in
oven overnight to remove the moisture. The tests were per-
formed at a speed of 2 mm/min. The stress-strain curves were
used to determine the Young's modulus and ultimate tensile
strength of the samples. The flexural strength and modulus of
the PP/SCG composites were determined in accordance with
ASTM D790-03 standards. The tests were performed on a uni-
versal testing machine (UTM) from R&B Inc., South Korea.
Each sample, with dimensions of 80 × 10 × 4 mm3, was tested
at a cross-head speed of 2 mm/min, five samples were tested
for each condition. The impact strength of the samples was
evaluated using an Izod impact test machine (model QC-639F,
Cometech Testing Machine Co., Ltd, China) in accordance
with ASTM D256-10. Injection-molded samples measuring 80
mm in length, 10 mm in width, and 4 mm in thickness were
subjected to the test. 

3. RESULTS AND DISCUSSIONS

3.1 Physicochemical Characterization Analysis
In this study, the size of SCG powder was determined using

an optical microscope. Nevertheless, obtaining an accurate
measurement of the SCG powder size after treatment proved
to be challenging. The optical microscope revealed an average
size range of 50-90 μm for the SCG particles.

The surface morphology of PP/SCG composites was inves-
tigated with different ratios of coffee ground (5%, 10%, 15%,
and 20%) through SEM analysis. which demonstrated in Fig.
3. The results of the analysis revealed that the surface of the
composites was rough. The rough surface morphology of the
composite may be attributed to the presence of the SCG par-
ticles, which can create surface irregularities and roughness
when added to the PP matrix.

Furthermore, the morphology of the composites was found
to be uniform throughout the surface, indicating that the SCG
particles were well-dispersed and homogenously distributed
within the PP matrix. Thermal behavior of SCG, PP and PP/
SCG composites can be observed in Fig. 2 and tabulated in
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Table 1. The degradation process of spent coffee ground pow-
der takes place through four distinct stages. The initial stage
takes place from 50°C to 170°C, primarily involving the
removal of water, resulting in a weight loss of approximately
7%. The subsequent stage, ranging from 170°C to 350°C, is
characterized by the thermal depolymerization of hemicellu-

loses, leading to a significant weight loss of around 43%. The
third step occurs between 350°C and 430°C and corresponds
to the degradation of cellulose itself. Lastly, the final stage ini-
tiates at 430°C, characterized by a gradual process due to the
intricate nature of lignin's complex structure [15]. The thermal
degradation of pure PP occurs as a one-step process within the
temperature range of 250°C to 550°C, resulting in a significant
weight loss exceeding 95%. This rapid degradation and high
flammability of pure PP can be attributed to its petroleum-
based nature, leading to vigorous combustion and the gen-
eration of toxic smoke. In contrast, the inclusion of SCG in PP
matrix brings about more stable thermal degradation behavior,
characterized by a two-step degradation process occurring at
temperatures of 350°C and 400°C. This two-step process cor-
responds to the decomposition of the main constituents and
further organic compounds present in SCG. Given the high
organic content of SCG, it holds potential for imparting fire
protection properties [16]. The incorporation of SCG into the
PP matrix enhances the flammability properties by increasing
the stability and reducing the burn rate of the SCG/PP com-
posites. This improvement in flammability characteristics is
attributed to the presence of SCG's organic compounds, which
act as fire retardant agents.

Fig. 1. 3D microscope of SCG powder

Fig. 2. Thermogravymetric curves of PP and PP/SCG composite
with different ratio ranging from 5-10%

Table 1. Thermo characterization of SCG, PP and PP/SCG com-
posites

Fig. 3. SEM images of PP/SCG composites with different SCG
ratios (a) 5%, (b) 10%, (c) 15%, (d) 20%
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3.2 Mechanical Properties
3.2.1 Tensile Test
The mechanical properties of pure polypropylene (PP) and

PP composites reinforced with 5%, 10%, 15%, and 20% spent
coffee grounds (SCG) were evaluated using stress-strain
curves. The line graph presented in Fig. 4a illustrates the rela-
tionship between tensile stress and strain for PP/SCG com-
posites. It is evident from the data that the pure PP sample
exhibited a higher strain percentage. This outcome can be
attributed to the inherent ductile properties commonly
observed in thermoplastic polymers. In contrast, the behavior
of PP/SCG composites exhibited a contrasting response, pri-
marily attributed to the influence of SCG. The addition of
SCG to the composites resulted in a significant alteration, ren-

dering them notably stiffer and more brittle in nature. The ten-
sile strength and modulus values of the SCG/PP composites
have been graphically represented in Fig. 4a1 using a columnar
format. Analysis of the results reveals the tensile strength of
pure PP, as well as PP/SCG composites with varying weight
percentages (5%, 10%, 15%, and 20%) of SCG, to be 23.92
MPa, 25.05 MPa, 26.07 MPa, 24.37 MPa, and 25.81 MPa,
respectively. These findings indicate that the inclusion of SCG
as a reinforcement in the PP matrix enhances its tensile
strength. The data further suggest that the optimal percentage
of SCG for achieving the highest tensile properties is 10%.
Impressively, the reinforcing effect exhibits a progressive
increase up to a weight percentage of 20% of SCG. Moreover,
there was a notable increase observed in the Young's modulus

Fig. 4. (a) Tensile (a1 stress/strain); (b) Flexural (b1 load/displacement); and (c) Izod impact results of PP/SCG compisites
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of the composites as the SCG content was increased. Specif-
ically, the Young's modulus values for the SCG/PP composites
were recorded as 0.41, 0.53, 0.63, 0.65, and 0.67 GPa, respec-
tively, demonstrating a significant 49% increase in the com-
posite loaded with 20% SCG. This enhancement can be
attributed to the favorable interfacial adhesion achieved
between the SCG particles and the PP matrix, which con-
tributes to the improved load transfer and stiffness of the com-
posites.

3.2.2 Flexural Test
The flexural test results of the SCG/PP composites have

been presented in Fig. 4b, 4b1, and the corresponding data has
been tabulated in Table 2. The findings indicate a notable
improvement in flexural strength with increasing SCG con-
tent, when compared to the pure PP specimen. Specifically, the
composites loaded with 10% and 20% SCG demonstrated a
30% and 22% increase in flexural strength, respectively. Fur-
thermore, the flexural modulus values exhibited an upward
trend as the SCG content increased, resulting in a significant
63% and 73% increase for the 10% and 20% SCG/PP com-
posites, consequently. This consistent trend aligns with the
observations derived from the tensile test results and can be
ascribed to the favorable interfacial adhesion established
between the SCG particles and the PP matrix.

3.2.3 Impact Test
The impact strength of PP/SCG composites are shown in

Fig. 4c. The result showned that the impact strength value
steadily decreases as the SCG content increases from 5% to
20%. This can be attributed to the accumulation of unreacted
components from the interaction between pure PP and SCG at
higher SCG concentrations, leading to the formation of micro-
cracks [3]. These micro-cracks are responsible for the
observed decline in impact strength. 

4. CONCLUSIONS

This study has investigated the effect of incorporating up to
20% spent coffee grounds (SCG) into polypropylene (PP) and
its impact on the composite's mechanical behavior. The results
showed that the addition of SCG resulted in a slight increase in
brittleness of the composite, but did not cause a significant
decrease in its mechanical properties. Furthermore, SCG
incorporated into PP also enhanced the thermal ability of PP/
SCG composites, leading to increased thermal stability,
delayed degradation onset, and higher maximum degradation
temperature. The good interfacial adhesion between SCG and
PP matrix is considered as a key factor contributing to achieve
the obtained experimental results. 

This study provides insights into enhancing composite per-
formance by manipulating the characteristics of SCG as a rein-
forcement material. The potential utilization of SCG as a filler
in PP composites could potentially pave the way for sustain-
able material engineering practices that reduce waste and pro-
mote the use of environmentally friendly materials.
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