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Abstract  Agro-industrial wastes are a potential
alternative for sustainable construction because they
provide a renewable source, reducing raw materials
consumption, emissions, and waste production. In the
Colombian coffee sector, a big waste amount of husk is
developed in its production, which is obtained from the
pulping of coffee, being this husk an excellent source of
cellulose and lignin, in a natural way. This experimental
research aims to characterize the coffee husk as a potential
alternative for sustainable construction in dividing walls.
The methodology was developed in three steps, concerns
from the obtention of the coffee husk in Ocafia Norte de
Santander in Colombia to the physical and chemical
characterization properties of this material considering the
NTC-2441 Colombian Technical Standard. The results
showed that the coffee husk presents a humidity of 13.3%
with an average particle size of 611.93 um. Also, the
particle size of the coffee husk is related to the threshing
process, where the by-product base coffee waste is
obtained. In addition, the visualization of internal
micro-cracks, carbon, and oxygen composition was
possible with the presence of natural fibers using the
Scanning Electron Microscopy technique. Finally, the
coffee husk exposes in its chemical composition the
presence of carbon and lignin, showing a structure with
cracks of excellent resistance without the evidence of the
samples fracture, which allows concluding that the coffee
husk can be a potential and new alternative for sustainable
construction for diving walls and another kind of

applications in non-structural masonry in civil engineering,
taking into account that in Colombia this bio-material has
been little used in the mixture for obtaining products with
good physical and mechanical performance.
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1. Introduction

The population growth and the country's development
have generated demand for infrastructure and materials for
the construction sector, considering the natural raw
materials consumption, energy, and solid waste production
generated during this process [1]. The construction
industry relies heavily on conventional materials such as
cement, sand, and aggregates for large amounts of concrete
worldwide. Although negative environmental impacts
have shifted towards developing environmentally friendly
materials from renewable resources [2], by-products or
agro-industrial waste can be an alternative as
supplementary material for concrete production [3]. The
use of agricultural waste, such as coffee husks, provides a
source of renewable material in construction and a
non-food source of economic development for agriculture
and rural areas in different countries [4].

Coffee is an agricultural product of economic and
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commercial importance in the current world because it is
cultivated in approximately 80 countries [5]. However, in
coffee-producing countries, generated waste and
by-products are a source of pollution and environmental
problems [6] because their production generates large
amounts of waste, mainly during the first stage, where
coffee beans are transformed into dry coffee, and the husks
are separated [7]. On the other hand, coffee waste
applications can preserve natural resources, reduce carbon
emissions, and contribute to lower solid waste production
in different industrial sectors [8].

In the case of Colombia, this country is the third largest
producer of coffee in the world, cultivated on
approximately 970 thousand hectares [9], with a
production of 13.8% which represents 13.5 million bags of
coffee, where each bag has a weight of 60 kg, and Norte de
Santander has a production of 25 million bags which is
equivalent to one [10]. In this agricultural process, it is
estimated that less than 5% is used in making coffee drink;
the remaining 95% is waste, contaminating the
environment [11]. In the Colombian coffee sector, there is
a waste amount in its production, mainly the husk, a
by-product obtained from the pulping of coffee [12], being
this husk an excellent source of cellulose and lignin, which
are natural.

In recent years, scientists have become aware of the
potential for the efficient and cost-effective application of
plant-derived fibers and the likelihood of producing
higher-quality fiber-reinforced polymeric materials for
construction projects [13]. In this way, research has been
conducted using agricultural residues in the construction
sector due to their potential properties compared to
conventional synthetic fibers. Due to this, there is research
on using cellulose fiber materials as reinforcement for
concrete and mortar. The natural fiber materials
investigated in the current literature have been banana [14],
bamboo [15], rice husk [16], wheat and barley straw [17],
coconut, sisal, jute, palm, and linseed [18]. However,
coffee husk has been used for soil stabilization in different
ways with the main aim of sustainability and without waste
technologies [1][19]. For example, Reta and Mahto, 2019
[3] used coffee husk ash (CHA) as a partial replacement for
the concrete mixture for industrial applications taking into
account some physical and chemical properties. The results
exposed that CHA as a replacement material can be used
for walls and mild works where the strength that can be
appears is low, obtaining similar conclusions with other
reported research for concrete [20] or clays [21].

The main objective of this work is to characterize the
coffee husk produced in Ocafia, Norte de Santander in
Colombia, based on the NTC-2441 Colombian Technical
Standard [22]. Also, laboratory tests were developed to
determine physical and chemical properties such as the
particle size, morphology, chemical composition, and
structure of the coffee husk, roast, and milled coffee.
Notice that this material has been little reported in the open
literature revised for the Colombian coffee husk.
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2. Materials and Methods

2.1. Samples of Coffee Husk

Samples of coffee husks were provided by the federation
of coffee growers in Ocafia city in Norte Santander,
Colombia with an annual production of 25 million kgs,
with an average of 1,100 kg per hectare. For the
laboratories development 10 kg of husk were collected, and
distributed in samples of 2.0 kg to address the respective
trials.

The tests concerning the calculation of the average
particle of coffee husk by grain size distribution were
carried out in the soil laboratories of the Universidad
Francisco de Paula Santander Ocafia, and those
corresponding to scanning electron microscopy (SEM) in
the laboratories of the EAFIT University in the city of
Medellin. The coffee husk was dried using a conventional
oven available in the Francisco de Paula Santander Ocafia
University laboratories, in which the sample was subjected
to a temperature of 220°C to eliminate any trace of
moisture. Also, for the coffee husk grinding, a mill was
used. Likewise, for the particle testing, sieves number #50,
#40, #20, #16, and #12 were used as stipulated by the
NTC-2441 Colombian technical standard [13]. The Curve
Expert software was used to calculate the particle size
average.

2.2. Physical and Chemical Characterization

The characterization of the coffee husk was developed in
4 phases described as shown in Figure 1. Phase 1: The
coffee husk is spread and dried at room temperature to
remove as much moisture as possible without drying
completely. For the temperature calculation, a
conventional thermometer with a unit of measurement in
degrees Celsius (°C) was used. Phase 2: The average
humidity of the coffee husk was calculated by
implementing the stove method. For this purpose, a sample
of 52 gr of husk previously dried at room temperature was
used, and the respective calculations were made. Phase 3:
The milling of the coffee husk and the characterization of
the average particle of the coffee husk were performed
using the granulometric method contemplated in
NTC-2441 Colombian Technical Standard [22]. Also, the
weight of each sieve used (#50, #40, #20, #16, and #12)
was determined as is stipulated in 6.1, then select 50 gr of
the sample to perform the test, as stipulated in 6.2. Finally,
after sieving the sample, for 10 min, the final weight of
each sieve is determined together with the weight of the
material retained in each mesh. Phase 4: The coffee husk's
structural characteristics and chemical composition were
identified through the electronic scanning microscope
(SEM) used in the EAFIT University laboratory, those
responsible for preparing the sample and then obtaining the
micrographs.
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Figure 1. Methodology applied
Table 1. Weight of material retained in each sieve
. Sieve weight Material weight retained
Sieve No
(9n) (9r)
50 351 18
40 517 16
20 398 9
16 402 5
12 406 2

Considering the proposed experimental methodology, Table 1 summarizes the main results obtained.

Table 2. Calculation of the average drying temperature of the coffee husk

Day Temperature 1 (°C) Temperature 2 (°C) Temperature 3 (°C) Average(°C)
1 36.9 36.5 36.7 36.7
2 40.1 39.8 40.3 40.1
3 38.1 389 385 385
4 39.0 40.5 40.0 39.8
5 38.7 39.4 38.3 38.8
Total average 38.8+0.32

3. Results and Discussions

3.1. Calculation of the Drying Temperature of the
Coffee Husk

The coffee husk was exposed to room temperature for 5
h of daily drying cycles. Measurements were made with the
thermometer 3 times per day to determine the average
temperature at which the husks dried (See Table 2). The
average ambient temperature at which the coffee husk was
dried was 38.8 °C.

3.2. Calculation of Moisture Content of Coffee Husk

Equation 1 was used to calculate the moisture
percentage present in the coffee husk, provided by the
federation of coffee growers in the city of Ocafia, Norte de
Santander, and Table 3 presents the data for the calculation
of the moisture present in the coffee husk.

%W = ﬁ x 100 1)

Where: P1 is the container weight, P2 is the container
weight more than the wet sample weight, and P3 is the
container weight more than the dry sample (See Table 3).

Table 3. Data for the calculation of humidity

Data Humidity Coffee husk Unit Value
Weight Container (gn) 35
Weight Container + wet sample (P,) (ar) 52
Weight Container + wet sample (Ps) (gn) 50
Weight Dry soil (gn) 15
Weight of water (ar) 2.0
Moisture content (%W) (%) 13.33

Replacing the values from Table 3 in Equation 1 was
obtained with a moisture of 13.33% from the following
calculation:

52 -50

W = —————
% 50 - 35

X 100 = 13.333%
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3.3. Average Particle Size of the Coffee Husk Using
NTC 2441

Table 4 shows the final weights of the sieves according
to the percentages of scale particles retained in each mesh.
The maximum temperature obtained during 5 days was
38.8°C, bearing in mind that it was always taken at the
same time and dried naturally with constant exposure to the
sun.
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Figure 2 shows the dried clean husk process and its
temperature measurement. Since humidity affects the
drying of the husk is necessary because its humidity alters
the humidity of the composite mixture where it can be used
since it can generate plasticity and compaction problems.
Hence, the importance of this procedure within the
characterization and the times and temperatures obtained in
this procedure are shown below.

Table 4. Recording of the final weights of each mesh after screening

Sieve .Sieve % Init.ial sieve Fir_lal sieve Weight Accumulated %
No. diameter Accumulated Weight (gr) weight (gr) difference Retained
12 1700 4 406 408 2 2 4
16 1180 14 402 407 5 7 10
20 850 32 398 407 9 16 18
40 425 64 517 533 16 32 32
50 300 100 351 369 18 50 36

Figure 2. Samples of coffee husk. a) Drying of the sample by the oven method, b) Weight of dry coffee husk + Weight of container, c) Temperature

measurement and d) Coffee husk texture in its natural state
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Figure 3. Calculation a, b, and ¢ values using the Gauss method

The average particle size calculation of the coffee husk
was obtained, taking into account the Gauss mathematical
model using Equation 2. Notice that NTC-2441 [22] was
also considered, as was observed in Figure 3.

1.2
Y=ax e_l/Z(X_cb) 2)

Where: Y is the accumulated percentage calculated by
the Gauss Mode, X is the diameter of the sieve, a, b, and ¢
are the parameters of the Gauss model.

With the aim of determining the parameters of a, b, and ¢
values  described in the Gauss  equation,
CurveExpert/Version-1.3 was used. After obtaining the a,
b, and c values provided by the Gauss method, the average
particle size was calculated through the Curve Expert tool,
employing Equation 3.

a

X=c %+b 3)

Where: X is the average particle size, a, b, and c are the
parameters of the Gauss model, Tm is the Y value in 50%
for Equation 1, and Ln is the natural log. In this way, values
were replaced in Equation 3, obtaining the following
calculation:

50
0.5

= 611.937 um

5
In (8.47 X 10 )

X = (1.99 x 103) —~8.17 x 10°

The average particle size of coffee husk provided by the
federation of coffee growers of the Ocafa city, Norte de
Santander is 611.937 pm, compared with another study
that the samples are smaller since in the threshing process
is possible to obtain different particle sizes such as 4.51 to
1.428 mm [23].

3.4. Analysis of Coffee Husk in SEM

Figures 4 and 5 present the micrographs where micro

internal cracks are observed in the coffee husk after drying,
which are not visible to the human eye. The composition of
carbon and oxygen is evidenced, in addition to showing the
structure composed of natural fibers, being cellulose, and
lignin it's main, which influence the mechanical resistance
that contributes to any material used in architecture
construction and civil engineering [12].

Figure 4. Micro cracks in coffee husk
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550 pm

Figure 5. Micro cracks and coffee husk fibers

Notice that on average the cracks are ~19 um with
excellent resistance without the evidence of the samples
fracture, which allows concluding that the coffee husk can
be a potential alternative for sustainable construction.

4. Conclusions

The granulometric materials composition knowledge
and the use of agro-industrial waste are important for the
engineering study applied to sustainable construction. This
use can be considered as an alternative to aggregate
materials in concrete production. The particle size of the
coffee husk is related to the threshing process, where the
by-product is obtained, which can have different sizes and,
according to the application, exerts a great influence on its

performance.

The results obtained in the research allow to identify the
coffee husk characteristics of the production of Ocafia,
Norte de Santander, which has a percentage of humidity of
13.3% and an average particle size of 611.937 um; In
addition, it was observed in the analyses carried out in the
SEM that coffee husk is composed of natural fibers, which
influence the strength of the materials, so it is concluded
that coffee husk can be an alternative in sustainable
construction, by weight, size, renewable source
(agro-industrial waste) and natural fibers present in the
by-product.

This research also bets on innovation in the creation of
new materials that are environmentally friendly and
resinified, thus allowing the incursion from the circular
economy of materials, giving a new life to implementing
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eco-materials applied to the areas of architecture,

engineering, and construction of different civil
applications.
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