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Extraction of Micro, Nanocrystalline Cellulose and Textile
Fibers from Coffee Waste

Abstract

Because of the environmental footprint of oil-based materials, the demand for bio-based renewable
materials is hiked. The usage of agricultural waste to extract cellulose, minimized the dependent
of hydrocarbon products which is an added value besides due to overpopulation the productivity
is increased, which leads to an increase in agricultural waste that causes environmental pollution.
In this work, various cellulosic materials, such as cellulosic textile fibers (CTF), microcrystalline
cellulosic fibers, and nanocrystalline cellulosic fibers, were extracted from coffee waste to make
them into valuable products. The morphological analysis of extracted cellulose is performed by
scanning electron microscopy, and the Fourier transform infrared spectroscopy was performed to
investigate the structure of extracted cellulose, which indicates the crystalline cellulosic
components from the extraction process; X-ray diffractometer analysis shows the extracted
cellulose was cellulose I and cellulose II. The cellulose that is extracted by ultrasonication with
dimethyl sulfoxide has 88 % of cellulose with a crystallinity index of 74.5 %, and the thermal
properties of raw coffee husk and extracted cellulose were compared by thermogravimetric
analysis. Additionally, the dye uptake of the CTF shows its potential as a bio-adsorbent in the dye
removal domain.

Keywords: Agricultural waste, bio-based material, coffee husk, textile fiber, microcellulose, nano

cellulose.

1.Introduction

The need for petroleum-based resources is hiked, however, the resources are ephemeral along with
there's a risk of climatic changes leading this petroleum-based industry unsustainable '. The
agitation of this issue has continuously alarmed awareness leading to increased attention towards
sustainable resources 2. Due to rapid population growth, the rising trend of industrialization, and
agricultural activities, a huge number of resources like agricultural wastes are generated >'. A
substantial amount of organic matter is comprised of agricultural wastes which lead to issues while
disposal causes pollution, and destruction of sustainability . The use of agricultural wastes that
produce biobased materials can be an alternative solution for hydrocarbon-based materials %12,

As of now, agricultural wastes are underutilized '*. Based on the Indian coffee report in 2019, the
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waste generation during the coffee processing is around 25 million metric tons (MMT) in the

world, the waste generation the wet processing alone generates 16 MMT.

The generation of agricultural wastes is huge and extracting cellulose from these wastes and other
biomass is the replacement of petroleum-based polymers 4. One of the ways to ameliorate these
conditions is the usage of biowastes shuns the depletion of natural resources. Nascently usage

biowastes as a promising source for substitute of these petroleum-based polymers 4.

Coffee is the second globally consumed product after oil '°. Coffee is an eminent beverage in the
world, everyone likes to drink Coffee. During the first 11 months of the year 2020/21(October
2020 - August 2021), coffee exports amounted to 118.96 million bags (i.e., 60 kg of bags), an
upsurge of 1.9% compared to the same period of the year 2019/20 '°. Generally, the coffee bean
has been extracted by different methods namely wet processing, dry processing, semi-dry
processing, honey processing, anaerobic processing, and carbonic maceration !”*!8, From the above
processing methods wet and dry processing are widely practiced around the world. In the dry
processing method, about 1.8% of waste coffee husk was generated from fresh coffee fruits '°.
But, in the wet processing method, 40% of waste coffee husk has been produced from the coffee
fruit. However, 50% of the world’s coffee is produced by the wet processing method 2°. The waste
management in wet processing was a challenging one. Coffee husk is one of the coffee processing

wastes that account for 29% of total generation. Coffee husk is the first waste by-product during

the processing of coffee, and it possesses about 29% of dry weight in the whole fruit 2!,

Numerous value-added cellulose fibrous materials can be generated from the natural cellulose that
are extracted from these kinds of agricultural waste > 2%, The cellulose materials extracted from
these wastes have adequate compatibility, a high degree of crystallinity, excellent mechanical
properties, a large specific surface area, a high aspect ratio, and high thermal stability >>%°. A
massive amount of coffee by-products is disposed of from the coffee industry. They are enriched
by carbohydrates, proteins, pectins, bioactive compounds like polyphenols further they are low-
priced renewable resources 2’. As it is discussed, the coffee husk is abundant biomass, and it

provides promising possibilities to extract the various cellulosic fibrous materials. Hence, this

study aimed to isolate and characterize the cellulose fibrous materials from the coffee husk. As the
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extracted husk has promising possibilities to convert various value-added products like short
textile fibers, fillers in the composite materials, and micro/ nano-scale materials such
as micro/nanocrystalline cellulose, micro/nano fibrillar cellulose, paper industry, and sorbent

materials to remove the hazardous substances, etc.

2. Materials and methods

2.1 Materials
The cellulose fibrous material extraction process was started by collecting the ripened coffee

cherry from the agricultural fields in Yercaud, Tamilnadu, India. NaOH, H>O> 35% were
purchased from Sigma Aldrich, India. All chemicals were of analytical grade and used without

further purification. C.I. Reactive red 195 dyes supplied by Colorant dyes company, India.

2.2 Extraction of coffee husk by wet processing method
After collecting the required quantity of coffee cherries, first, it is carried out to the depulping

process to remove the husk by wet processing method. Then the coffee husk can be dried in the
atmospheric condition (i.e., sun-dried), and it is the raw materials to produce the CTF, MCCF and

NCCF. The production of various cellulosic materials is explained below.

2.3 Production cellulosic textile fibers (CTF)
Ten grams of the coffee husk (based on oven-dried mass) were added for the delignification

process (i.e., NaOH 12%), temperature (90°C), and time (120 min), prior to the delignification
process, the various process parameters like alkali concentration, temperature and time of the
treatment has been optimized. For the bleaching process, 3 grams per liter (g/L) of H>O> has been
used with alkaline pH (12) at 90°C for 60 min, in this work H>O; is used as it replaces the
conventional chlorine dioxide bleaching process. H2O oxidizes and removes the natural-colored
substances, in addition, an alkaline medium helps to remove the residual lignin present in the husk.
After the bleaching process, the fibrous materials appear bright and clean. After bleaching, the
cellulose textile fiber (CTF) materials were subsequently washed with hot and cold water until
they neutralized. The bleached CTF has been dyed using CI Reactive Red 195 dyes, chemical

structure of the dyes is shown in Fig 1.
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SO4H

HO5S SOzH

Chemical Formula: C,gH»3CINgO46S5
Molecular Weight: 895.27
Amax- 530Nm

Fig. 1 Chemical structure of reactive red 195 dyes (hetero-bifunctional reactive dyes).

2.4 Microcrystalline cellulosic fibers (MCCF)

Once the coffee husk has been extracted from the de-pulping, it was carried out for vacuum dryer
at 80°C was maintained to dry the coffee husk for 5 min and then milled in the laboratory bead
milling crushed to powder form. The non-polar and polar components of these powders were
extracted by utilizing Soxhlet extraction with Hexane and Chloroform (H:C; 5:1) ratio. The
residuals solvents present in the sample were removed by drying the extracted lignocellulose
powder at room temperature. Prior to the present work, we have already optimized the process
with respect to the solvent ratios. After Soxhlet extraction, the 5 grams of pre-treated dried powder
has been mixed with 45 mL of deionized water to carry out microwave digestion (i.e., Samsung
MS23) at 800W for 5 min. Further, it is mechanically stirred for 15 min and filtered to remove
undissolved cellulosic materials, later it can be treated again in the micro-oven, this process was
repeated until the removal of all impurities from cellulose (Fig 2). Later, the micro cellulose
compounds were carried out for the bleaching process with 5% (v/v) H20; at 90°C for 15 min.

After the bleaching process, the bleached MCCF was freeze-dried in atmospheric conditions.

2.5 Production of nanocrystalline cellulose fiber (NCCF)
In this process nanocrystalline cellulose was extracted from MCCEF, it is starting by soaking the

10 g of MCCEF in the 50 mL of DMSO solution for 24 h. This soaked MCCF was mechanically

reduced their size by using of high-speed ball milling machine, this process was carried out for 90
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min (Spex 8000 M, 440C hardened steel balls of 1/4 in diameter). Later it was carried out to
ultrasonic treatment (15 min at an output power of 1500W, 20kHz; (Sonic Newtown, CT, 20kHz,
Model 1500W) to remove the impurities in the milled MCCF solution, this process was repeated
two times. Finally, the NCCF extracted during the centrifugation process, it carried out with
deionized water for 30 min at 10000 rpm, this process was also repeated 5 to 8 times. The obtained

NCCF was freeze-dried and placed in a refrigerator at -20°C until needed.
@ r

i Soxhlet Microwave _— . )
[ Milling Hextraction H trostment ]—-[ Filtration |—-| Drying H Bleachlng]

Washing & Ultrasonic Millin Washing &
Drying treatment 9 Drying
Purified
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Delignified pulp | Dyed CTF »‘
i TR
)

B
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Fig. 2. Stages are involved to prepare dyed CTF (cellulose textile fibers), MCCF (microcrystalline
cellulose fibers) and, NCCF (nanocrystalline cellulosic fibers) (a); photographs of various

cellulosic materials (b).
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2.6 Testing and Characterization

Chemical composition of cellulose fibrous materials

The chemical composition of untreated and extracted cellulosic fibers, microcrystalline cellulose
and, nanocrystalline cellulosic fibers were identified with a different method. The lignin content
of the fibrous materials was analyzed as per the TAPPI standard (T-222 om-88) 2%. Cellulose
content has been measured by the dissolution of fibrous materials in 67% H>SO4 (v/v) ?°. To find
the hemicellulose, the fibrous materials have been dissolved with NaOH as described in the
literature 3°. The coffee husk biomass was transferred to a pre-weighed dry porcelain crucible and
heated at 600 °C for 5 h. After cooling down, it was weighed (#2) and ash content (%) was
determined. In a pre-weighed dry porcelain crucible, the coffee husk and extracted other cellulosic
materials was transferred and heated for Sh at a temperature of 600°C. After this process it was

weighed (W2) and ash content (%) was found.

Scanning Electron Microscope (SEM)

Tescanvega 3 SEM was used to study the morphological properties of fibrous materials extracted
from coffee husk at various stages of treatments. The surface of the fibrous material was sputter-
coated with a thin layer of gold to make the fibrous materials conductive in a vacuum chamber
before starting the measurement. The SEM images were taken at the required magnification range

to observe the surface changes clearly at 10.0 kV electron voltage.

Fourier transform infrared spectroscopy (FT-IR)

The FT-IR instrument which is used to know about the composition and functional group of the
fibrous materials is made by Thermo Fisher and model Nicolet is 10. General information
regarding changes in the chemical structure can be obtained by FTIR analysis, which has been
extensively used for structural analysis of different materials during chemical treatments. The

experiment was carried out in the wavenumber range of 500 to 4000 cm™.

X-ray diffraction (XRD)
The structural characteristics of various stages of coffee fibrous materials were estimated by an X-
ray diffractometer Panalytical X Pert Pro (40 mV, 40 mA), was used with Cu Ka (A =1.5418 A)

radiation and graphite monochromator scanned in the axis of 26 range varying from 3° to 60° at a
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speed of 10° per minute. The Segal method has been associated to analyze the crystallinity index
(ICr) of the cellulosic fibrous materials to estimate the structural changes before and after the

treatment !,

1 I

200

“’"JxlOO (D)

ICr (%) = (

200
The ICr and hoo represent both crystalline and amorphous materials where /Cr is the crystalline
index and o is the height of 200 peaks, the term that refers only to amorphous materials is

Im which refers to the lowest height between 200 and110 peaks *.

Thermogravimetric analysis (TGA)
Thermal Analyzer STA7200 was used for the TGA to know about the thermal properties of the
coffee fibrous materials. The experiments were carried out in presence of nitrogen gas with a

furnace temperature of 40-800°C.

Color measurement of cellulosic textile fibers

Generally, the alkali treatment has a great influence on the structural changes in the fiber which
makes the fiber more absorbent *. Therefore, to understand the influence of the delignification
process on the extracted fibers were dyed with reactive dyes and color strength and AE* (CIE LAB
1976) values are measured by using of reflectance spectrophotometer Spectraflash-600 (datacolor)

with standard illuminant D65 and (LAV/Spec. Excl., d/8, D¢s/10°) conditions.

3. Results and Discussion

3.1 Chemical composition of extracted cellulosic materials
In the production of MCCF and NCCEF, it is observed that coffee husk has a substantial potential

to be a renewable source. The NCCF production was facilitated by subjecting these MCC’s to
DMSO soaking and ball milling aided ultra-sonication treatment through the sonic breaking of
MCCEF. Acoustic cavitation leads to the creation, growth, and collapse of bubbles in the process
of ultra-sonication which is in the liquid state. The shockwaves are created on the cellulose fiber
surface of localized hot spots during the process rendering the erosion laterally towards the axial

direction forming cellulose nanofibers +3°,
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Table 1 depicts the chemical composition of coffee husks and their derived cellulosic materials.
For an enhanced view it is been compared with MCCF, NCCF other cellulosic biomass (i.e., corn
cob). A similar number of cellulosic compounds is contained in both the coffee and corn cob to
form a similar solid yield for both products later to the production of MCCF and NCCF. A huge
number of impurities like hemicellulose and lignin, pectin, wax particles, and extractives, in
addition to lignin and hemicellulose, are estimated to be present in the raw husk samples as a
known fact. Subsequently, resulting in the presence of cellulose content low ranging between 34

and 37% (w/w) of untreated samples was observed.

The untreated coffee husk has 34.22% of cellulose, the low cellulose content is almost similar to
the other agricultural waste products like 34% corn cob *’, rice husk 35% 3%, 40.8%, and sugarcane
bagasse 40% 7. A high amount of cellulose content ranging from 73 to 78% (w/w) was observed
on the raw cellulose source during the extraction. Due to lignin and hemicellulose impurities
removal from raw coffee husk samples, the cellulose content is increased in the treated agricultural

waste samples ¥

Table 1. Chemical composition of various cellulosic materials extracted from coffee husk and

other biomass 374041

Sample Coffee husk (% w/w) (this work) Corncob (% w/w)
Untreated raw samples

Cellulose 34.22+2.54 34.11+1.47
Lignin 22.25+0.75 15.08+1.32
Hemicellulose  20.17+1.44 20.17+£2.43
Ash 1.65+0.35 30.06+1.36
MCCF

Cellulose 74.54 £1.55 83.13+£2.63
Lignin 8.14+1.77 343+1.17
Hemicellulose  2.48 £0.40 1.59+0.84
Ash 2.15+£1.33 11.85+1.21

NCCF
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Sample Coffee husk (% w/w) (this work) Corncob (% w/w)
Cellulose 88.44 £3.22 91.43+1.27
Lignin 1.98+0.60 0.31+0.08
Hemicellulose 1.24 £0.25 0.51+0.02

Ash 1.53+1.64 7.75+1.12

NCCEF production is involved in further treating sonication and washing, to acquire at most purified
cellulose ranging from 85 to 90% (w/w). The reduction of lignin and hemicellulose from MCCF
is due to the strong involvement of this process. Perhaps, observed NCCF noted for all investigated

agricultural waste were observed to agree with the above investigation 13144041,

Rather than a coffee husk, corn cob’s ash content was determined to be higher resulting to attribute
to mineral-rich content in corn cobs. During the NCCF conversion process, the mineral content of
corn cob is reduced which indicates the removal of impurities like lignin which is due to

microwave digestion, sonication, and continual washing.

3.2 Surface morphology of extracted cellulosic materials
Scanning Electron Microscope (SEM) provides ultra-high-resolution imaging at low accelerating

voltages and small working distances. The Tescanvega 3 SEM is used for the examination of the
top surface of microfibres obtained. The SEM images of coffee husk, delignifed and bleached fiber
were also observed and mentioned in the below Fig.3. The SEM image of the coffee husk confirms
that the fiber is a cellulosic polymer with a fibrillary sheet packing as shown in Fig. 3. The image
of the external fiber surface taken at 5, 10, 20, 100 um confirms the applicability of these fibers in

husk and paper industries and its allied industries.

10
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Fig. 3. SEM micrographs of coffee pulp (a); delignified pulp (b); textile fibers (c¢); MCCF (d) and
NCCF (e&f).

3.3 FT-IR analysis
The FT-IR instrument used in this experiment for analyzing is made by Thermo Fisher and model

Nicolet is 10. The FT-IR spectra of raw coffee husk, dyed CTF, MCCF, and NCCF are shown in
Fig. 4. From the graph, the absorption bands are associated with stretching and vibrations of
chemical groups of cellulose, lignin, and hemicellulose. The bleached CTF/ dyed CTF spectrum
shows the broad and intense band at 3500 to 3260 cm™ is assigned to the intramolecular and
intermolecular stretching vibration of hydroxyl (O-H) groups in the cellulose molecules. The C-H
stretching vibration of alkyl groups of cellulose lies in the band at 2910 cm™'. The small peak in
the raw husk at 2850-2857 cm™! indicates the asymmetric methyl and methylene stretching in lignin
and hemicellulose. The ester group that lies in either hemicellulose or lignin of untreated fiber is
observed at the peak of 1735 cm™ and C=O stretching in unconjugated ketone, carbonyl, and
aliphatic groups of hemicellulose and lignin. The band around 1639 cm™! resembles the O-H group
to the absorbed water (Table 2). The band around 1650 to1500 cm™! faintly corresponds to the C=C

aromatic skeletal vibrations of lignin. The band at 1465 cm™ shows the C-H deformation in the

11
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lignin molecules. C=0 stretching and aromatic skeletal vibration of lignin and CH and OH bending
of carbohydrates lies in the band between 1415-1425 cm™'. Phenol that presents in the raw fiber
lies between 1310-1390 cm™ and at 1320 cm™! corresponds to syringyl of lignin.

NCCF

V\_/_—_

R MCCF

N T T—

> Dyed CTF
e

S Bleached CTF

= o —~——
72
c
o

= Raw husk

500 1000 1500 2000 2500 3000 3500 4000

Wavenumber (cm™)

Fig. 4. Fourier transform infrared spectroscopy (FTIR) spectra of various cellulosic materials

extracted from the coffee husk.

The absorption bands between 1315-1340 cm™ in the MCCF attribute the CH, wagging in the
cellulose. The absorption band between 1370-1375 is associated with CH bending of cellulose and
hemicellulose (Table 2). The band at 1285 cm™! corresponds to -COO vibration of acetyl group in
the hemicellulose or aryl alkyl ether present in the lignin and the band at 1268 cm™ shows the
Guaiaryl in lignin. C-O stretching and O-H in the plane of cellulose were observed at the band
1240 cm™!. The aromatic skeletal vibration of lignin in the untreated fiber is shown by the peaks

that emerge between 1200 and 1300 cm™ #.

12
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Table 2. Assignment of peaks corresponding to different functional groups present in the various

cellulosic materials extracted from the coffee husk.

Name of the corresponding
1 corresponds to
molecules peaks (cm™)
1720 Cc=0
1650-1515 Lignin and extractives: aromatic ring vibration.
1415-1425 Lignin: C = O stretching and aromatic skeletal vibration.
Carbohydrates: CH and OH bending.
1465 C-H deformation
Lignin
1310-1390 Phenol
1320 Syringyl
2850-2857 Lignin and hemw;llulose: asymmetric methyl and
methylene stretching.
1268 Guaiacyl
Hemicellulose: C = O stretching in unconjugated ketone,
1710-1731 carbonyl, and aliphatic groups. Extractives: C = O
hing i 1.
Hemicellulose stretching in ester carbony
875-930 Glycosidic bond
1370-1375 Cellulose and hemicellulose: CH bending.
1240 C-O stretch and O-H in plane
1155 Cellulose: C-O-C asymmetric stretching
2910 CH
900 Glycosidic bond
Cellulose
890 Cellulose: C1-H deformation
1075-1155 Cellulose: C-O-C asymmetric stretching
3260-3500 OH intramolecular and intermolecular stretching
1315-1340 Cellulose: CH» wagging.

The absorption band that lies between 1075-1155 cm™ corresponds to the C-O-C asymmetric

stretching at the B (1,4) glycosidic linkage of the cellulose molecule. At the band 1105 cm™, it is

observed that the stretching vibrations of C-OH in D-glucose units and this band is a significant

characteristic for the cellulosic component which is enhanced in bleached fibers. The band at 1020

cm! is associated with the C-O stretching and C-H deformation of the pyranose ring skeletal

vibration of the cellulose. The C-H deformation of cellulose lies at the band of 890 cm™!. The band

13
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at 900 cm™ related to the C-O-C stretching at the B 1,4 glycosidic linkage between sugar units of
the cellulose. However, in the delignified husk the intensity of the absorption band around 1526,
1486, 1344, and 1285 cm™ are dimmed this clearly shows the maximum removal of the
hemicellulose and lignin in MCCF which is previously confirmed in the chemical composition

section.

3.4 XRD analysis
The data from the XRD diffractograms of various cellulosic materials that extracted from coffee

husk shows the peaks of 20 = 15.2° and 21.6° which indicates the presence of cellulose type I (i.e.,
crystal planes 1 1 0 and 2 0 0 was observed) and at the peaks of 20 = 12.5° and 22.8° implies the
presence of cellulose II (Fig. 5). The intense peaks at 25.7, 25.2, 25.8 and 26.1 of raw coffee husk,
dyed CTF, MCCF, and NCCF indicate the mixture of polymorphs of cellulose type I (typical peaks
at 20 =15.2° and 22.8°) 3.

The two peaks on X-ray diffractograms of dyed CTF are at 20 = 13.8° and 26 = 16° corresponds
to the (1 0 1) and (1 0 1) crystallographic planes. The above said two peaks became intense when
the crystalline cellulose content is high and if the fiber has more amorphous material (such as
lignin, hemicellulose, pectin, and amorphous cellulose) then the peaks are broadened **. From Fig.
5 the peaks of dyed CTF at 14° and 16° are intense, it clearly shows the alkali treatment (and the
pretreatment process with NaOH) of dyed CTF remove some impurities like amorphous materials

as shown in (Fig. 5).

Cellulose 1II is observed in the diffractograms of MCCF and NCCF at the angle of 12.6°, 18.5°,
20.2°, 22.8°, and 40.2° ¥ X-ray diffractometer is used to analyze the changes in cellulose
crystallinity of fibrous material with respect to the treatment in all stages and a Segal formula was
used to calculate the degree of crystallinity. It is noted that the crystallinity index of all extracted
fibrous materials has surged (i.e., 55.8 %-raw husk). The crystallinity index of CTF, MCC and
NCCF were 63.7% £ 2.8%, 72.1% £ 3.1%, 74.5% + 2.2%. From the above-mentioned values, it is
clear that NCCF has high crystallinity than the other cellulosic materials extracted from coffee
husk, which represents the removal of lignin and hemicellulose that took place during the chemical
treatments. In addition, the crystallinity index (CI) values of NCCF have higher crystallinity than
MCCEF, which agrees with the further treatment of the NCCF production process.

14
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The crystallinity degree of fibers was increased with the sharpness of diffraction peaks. The
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crystallinity index varied significantly among the coffee husks. As the crystalline index increased,

the rigidity of cellulose increased, and, thus, the mechanical properties also increased. Therefore,

these MCCF and NCCF could be used as reinforcement in the micro/nanocomposite field, as it

would improve the mechanical properties of nanocomposites.
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Fig. 5. X-ray Diffractograms of various cellulosic materials extracted from the coffee husk.
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3.5 Thermogravimetric analysis (TGA)
To know about the thermal stability the coffee husk fiber is subjected to evaluate by using Thermo-

gravimetric analysis. The analysis can be done before and after pre-treatment and the weight loss
percentage towards the temperature is given in Fig. 6. Based on the weight percentage change as
a role of temperature in the curve can be divided into three steps. In the initial step, the weight loss
of 5.1% has been taken place at room temperature to 270°C this is due to the evaporation of
moisture in the sample. Meanwhile, the weight loss was relatively high in the second degradation
that lies between 274-450°C. The degradation of some fraction of hemicellulose, lignin, and
cellulose was happened due to oxidative thermal degradation. The onset temperature of thermal
degradation for the raw coffee husk is 274°C. In this degradation step the maximum weight loss
of 36.6%, this thermal degradation associated with the cleavage of glycosidic linkage in the
cellulose molecule leads to loss of cellulose structure. Furthermore, rapid depolymerization of
cellulose and lignin was observed in the final degradation step that lies between 450 to 797°C, the
weight loss percentage in this degradation step was about 11.9%. In bleached and dyed CTF they
show similar results, at the temperature of 200°C the weight loss in bleached pulp is 3.5% whereas
in dyed pulp it is 4.6%. In the temperature between 200 to 500°C major weight loss of 24.9% in
bleached pulp and 21.3% in dyed pulp is occurred. In the final stage, the weight loss percentage
of bleached and dyed pulp is 8.7% and 9.4% respectively in the temperature between 500-797°C.
The overall weight percentage loss of both bleached and dyed pulp is less than the raw coffee husk
this shows the effective removal of impurities in the pulp. The MCC and NCCF have high cellulose
content as discussed above (in the Chemical composition section), which refers to it are having
fewer impurities as a result both MCC and NCCF has high thermal stability. The weight loss
percentage is 1.7% for MCCF and 2.2% for NCCF at 200°C as in the previous one major weight
loss 0f 17.8% and 14.1% for MCCF and NCCEF at the temperature between 200-500°C. In the final
step of the temperature between 500-797°C weight loss percentage of 7.6% for MCCF ad 7.3%
for NCCF. From the above results and the results, it is confirmed that the NCCF has the overall
lowest weight loss percentage of 23.6% followed by MCCF has 27% which indicates the high

crystalline cellulose content that is previously confirmed by XRD analysis.
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Fig. 6. Effect of change in temperature on weight loss of various cellulosic materials.

3.6 Physical properties of cellulose CTF from coffee husk
Fig. 7 shows the diameter of the coffee fiber that is measured by an optical microscope with 10X

magnification. From the Microscopic observation, based on the diameter the fibers are categorized
into two types, namely coarse and fine. The average diameters of both coarse and fine fibers were
observed throughout the length at various places. For each fiber 50 readings were taken and
likewise, 20 fibers were measured, the diameter of untreated coarse and fine fibers was tabulated

in Table 3.

Finer fibers Coarsefibers
Fig. 7. Microscopic images of coarse and finer CTF.
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From the results, it is evident that coarse & fine fibers are found in the range of 10-20% & 80-90%
respectively. It was observed that the diameter of raw fiber was observed between 23.15 to 80.89

um, the detailed description of the fiber diameter measurement is shown in Table 3.

Table 3. Mean diameters of delignified, bleached and dyed CTF.

Fiber type Mean diameter (um) Mean fiber length (mm) Tenacity (N/tex)
Delignified CTF 59.44 +32.25 31+£2.6 0.08 £0.01
Bleached CTF 58.32+£22.5 27+1.8 0.09+0.01
Dyed CTF 58.25+9.98 25+2.1 0.09+ 0.01

3.7 Dyeing properties

The color of the dyed coffee fibers has been influenced by the effectiveness of alkali treatment.
This is since CTF have an equal ratio of cellulose and impurities like hemicellulose and lignin 3>,
The results of the optical properties of extracted CTF are shown in Table 4, color strength of the
dyed CTF was measured with the maximum wavelength (Amax- 530 nm). The CTF was dyed with
reactive dye with the concentration of dyestuff (3% on weight of the material). For better
understanding, the same quantity of dyes was used to dye the plain cotton fabric and observed the
color strength values of both cotton and CTF from coffee husk. It was evident that after the
scouring and bleaching the fibers were ready to absorb a large number of dyestuffs as similar to

cotton fabric, it can be confirmed by its color strength values (K/S values).

Table 4. Color values of raw fibers, bleached and dyed fibers

Fiber Type L* a* b* K/S

Bleached CTF 88.77  1.11 33.25 -
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Dyed CTF 4742  30.92 - 5.8

Dyed cotton fabric 3572 53.14  20.7 7.5

Note: K/S denotes the color strength (i.e., a ratio of reflectance and absorption with respect to the
scattering of the sample during the color measurement). Cotton fabric was dyed together with

coffee fiber (i.e., same bath).

4. Conclusion
In this work, various forms of cellulosic materials (i.e., CTF, MCC, NCCF) were extracted from

the coffee husk, which was characterized by SEM, FT-IR, TGA, XRD. The morphological analysis
was analyzed by SEM that shows the detailed image of the fibers. The crystalline nature of the
extracted cellulose fibers was carried out by XRD which indicates the crystallinity of cellulose and
the effective removal of hemicellulose and lignin in CTF, MCC, and NCCF. For reference, the
cellulose, hemicellulose, and lignin contents were analyzed in all raw husk, MCC and NCCF and
compared these values to the cellulose that extracted from the corn cob where NCCF extracted
from coffee husk shows the cellulose content of 88.44 +3.22. To know about the sorption
properties the CTF was dyed with reactive red 195 where the bleached fibers have the absorbing
property as same as cotton. Hence it was a promising source that can be used as short textile fibers,
fillers in the composite materials, and micro/nano-scale materials such as micro/
nanocrystalline cellulose, micro/nano fibrillar cellulose, paper industry. In addition to that, it is
possible to make activated carbon as the extracted fibrous material has a considerable amount of
carbon so that it is used in various fields like in energy storing and used as an absorbent in the

textile industry where dye pollution is a substantive, so it became a dye absorbent.

19


https://www.astm.org/jte20220487.html

DOI: 10.1520/JTE20220487 https://www.astm.org/jte20220487.html

Contflict of interest
We wish to confirm that there are no known conflicts of interest associated with this publication

and there has been no significant financial support for this work that could have influenced its

outcome.

Acknowledgments:

The first author thanks Mr. Jeevith Kannan, Binil Roy, Dr Senthil Kumar from Kongu Engineering

College who helped during the extraction of coffee husks.

5. Reference

1.

10.

Shojaei TR, Salleh MAM, Tabatabaei M, et al. Applications of Nanotechnology and
Carbon Nanoparticles in Agriculture. In: Synthesis, Technology and Applications of
Carbon Nanomaterials. Elsevier; 2019:247-277. doi:10.1016/B978-0-12-815757-2.00011-
5

Periyasamy AP, Militky J. Sustainability in Textile Dyeing: Recent Developments. In:
Sustainability in the Textile and Apparel Industries. ; 2020:37-79. doi:10.1007/978-3-030-
38545-3 2

Periyasamy AP. Evaluation of microfiber release from jeans: the impact of different
washing conditions. Environmental Science and Pollution Research. Published online
June 11, 2021. doi:10.1007/s11356-021-14761-1

Periyasamy AP. Natural dyeing of cellulose fibers using syzygium cumini fruit extracts
and a bio-mordant: A step toward sustainable dyeing. Sustainable Materials and
Technologies. 2022;33:¢00472. doi:10.1016/j.susmat.2022.e00472

Chiarelotto M, Restrepo JCPS, Lorin HEF, Damaceno FM. Composting organic waste
from the broiler production chain: A perspective for the circular economy. J Clean Prod.
2021;329:129717. doi:10.1016/j.jclepro.2021.129717

Barros MV, Salvador R, de Francisco AC, Piekarski CM. Mapping of research lines on
circular economy practices in agriculture: From waste to energy. Renewable and
Sustainable Energy Reviews. 2020;131:109958. doi:10.1016/j.rser.2020.109958
Kapoor R, Ghosh P, Kumar M, et al. Valorization of agricultural waste for biogas based
circular economy in India: A research outlook. Bioresour Technol. 2020;304:123036.
doi:10.1016/j.biortech.2020.123036

Durga ML, Gangil S, Bhargav VK. Conversion of agricultural waste to valuable
carbonaceous material: Brief review. Mater Today Proc. Published online December
2021. doi:10.1016/j.matpr.2021.11.259

Chilakamarry CR, Mimi Sakinah AM, Zularisam AW, et al. Advances in solid-state
fermentation for bioconversion of agricultural wastes to value-added products:
Opportunities and challenges. Bioresour Technol. 2022;343:126065.
doi:10.1016/j.biortech.2021.126065

Venkatesan H, Periyasamy AP. Eco-fibers in the Textile Industry. In: Handbook of
Ecomaterials. Vol 3. Springer International Publishing; 2019:1413-1433.
doi:10.1007/978-3-319-68255-6 25

20


https://www.astm.org/jte20220487.html

DOI: 10.1520/JTE20220487 https://www.astm.org/jte20220487.html

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Periyasamy AP, Wiener J, Militky J. Life-cycle assessment of denim. In: Sustainability in
Denim. Elsevier; 2017:83-110. doi:10.1016/B978-0-08-102043-2.00004-6

Periyasamy AP, Tehrani-Bagha A. A review on microplastic emission from textile
materials and its reduction techniques. Polym Degrad Stab. 2022;199:109901.
doi:10.1016/j.polymdegradstab.2022.109901

Ahmed A, Abu Bakar MS, Hamdani R, et al. Valorization of underutilized waste biomass
from invasive species to produce biochar for energy and other value-added applications.
Environ Res. 2020;186:109596. doi:10.1016/j.envres.2020.109596

Debnath B, Haldar D, Purkait MK. A critical review on the techniques used for the
synthesis and applications of crystalline cellulose derived from agricultural wastes and
forest residues. Carbohydr Polym. 2021;273:118537. doi:10.1016/j.carbpol.2021.118537
Coffee second only to oil? Published 2007. Accessed July 13, 2022.
https://www.thefreelibrary.com/Coffee+second+only+to+oil%3F+Is+coffeetreally+the+s
econd+largest...-a0198849799

Coffee prices underwent further increases in September 2021. Published September 2021.
Accessed July 13, 2022. https://www.ico.org

Suresh KG, Jayadeva CT. Vibration signature analysis of coffee beans processing
Machineries. Mater Today Proc. Published online July 2021.
doi:10.1016/j.matpr.2021.06.378

Jori Korhonen. Coffee Processing Methods — Drying, Washing or Honey.

https://www .baristainstitute.com/blog/jori-korhonen/january-2020/coffee-processing-
methods-drying-washing-or-honey.

Blinovéa L, Sirotiak M, BartoSova A, Soldan M. Faculty of Materials Science and
Technology in Trnava Review : Utilization of Waste From Coffee Production. Research
Papers. 2017;25(40):91-102.

Woldesenbet AG, Woldeyes B, Chandravanshi BS. Wet coffee processing waste
management in Ethiopia. Asian Journal of science and technology. 2015;6(5):1467-1471.
Aristizdbal-Marulanda V, Chacon-Perez Y, Cardona Alzate CA. The Biorefinery Concept
for the Industrial Valorization of Coffee Processing By-Products. Elsevier Inc.; 2017.
doi:10.1016/B978-0-12-811290-8.00003-7

Chawalitsakunchai W, Dittanet P, Loykulnant S, et al. Properties of natural rubber
reinforced with nano cellulose from pineapple leaf agricultural waste. Mater Today
Commun. 2021;28:102594. doi:10.1016/j.mtcomm.2021.102594

Ventura-Cruz S, Tecante A. Nanocellulose and microcrystalline cellulose from
agricultural waste: Review on isolation and application as reinforcement in polymeric
matrices. Food Hydrocoll. 2021;118:106771. doi:10.1016/j.foodhyd.2021.106771
Vincent S, Kandasubramanian B. Cellulose nanocrystals from agricultural resources:
Extraction and functionalisation. Eur Polym J. 2021;160:110789.
doi:10.1016/j.eurpolym;j.2021.110789

Tan HF, Ooi BS, Leo CP. Future perspectives of nanocellulose-based membrane for water
treatment. Journal of Water Process Engineering. 2020;37:101502.
doi:10.1016/j.jwpe.2020.101502

Niinivaara E, Cranston ED. Bottom-up assembly of nanocellulose structures. Carbohydr
Polym. 2020;247:116664. doi:10.1016/j.carbpol.2020.116664

21


https://www.astm.org/jte20220487.html

DOI: 10.1520/JTE20220487 https://www.astm.org/jte20220487.html

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Murthy PS, Madhava Naidu M. Sustainable management of coffee industry by-products
and value addition - A review. Resour Conserv Recycl. 2012;66:45-58.
doi:10.1016/j.resconrec.2012.06.005

Effland MJ. Modified procedure to determine acid-insoluble lignin in wood and pulp.
Tappi. 1977;60(10):1-15.

Updegraff DM. Semimicro determination of cellulose inbiological materials. Anal
Biochem. 1969;32(3):420-424. doi:10.1016/S0003-2697(69)80009-6

Jodo Paulo Saraiva Morais, Morsyleide de Freitas Rosa, Jos¢ Manoel Marconcini.
Procedimentos Para Andlise Lignocelulosica-Documento.; 2010.

Balasundar P, Narayanasamy P, Senthamaraikannan P, Senthil S, Prithivirajan R,
Ramkumar T. Extraction and Characterization of New Natural Cellulosic Chloris barbata
Fiber. Journal of Natural Fibers. 2017;15(3):436-444.
doi:10.1080/15440478.2017.1349015

Thygesen A, Oddershede J, Lilholt H, Thomsen AB, Stéhl K. On the determination of
crystallinity and cellulose content in plant fibres. Cellulose. 2005;12(6):563-576.
doi:10.1007/s10570-005-9001-8

Obi Reddy K, Uma Maheswari C, Shukla M, Song JI, Varada Rajulu A. Tensile and
structural characterization of alkali treated Borassus fruit fine fibers. Compos B Eng.
2013;44(1):433-438. doi:10.1016/j.compositesb.2012.04.075

Heo MH, Lee H, Jeong JS, et al. Hybrid Nanocelluloses Isolated through Electron-Beam
Irradiation in the Wet State: Redispersibility in Water and Superstability for Pickering
Emulsions. ACS Sustain Chem Eng. 2021;9(9):3464-3477.
doi:10.1021/acssuschemeng.0c07451

Chowdhury ZZ, Chandran RRR, Jahan A, et al. Extraction of Cellulose Nano-Whiskers
Using Ionic Liquid-Assisted Ultra-Sonication: Optimization and Mathematical Modelling
Using Box—Behnken Design. Symmetry (Basel). 2019;11(9):1148.
doi:10.3390/sym11091148

S. Hakke V, D. Bagale U, Boufi S, Uday Bhaskar Babu G, H. Sonawane S. Ultrasound
Assisted Synthesis of Starch Nanocrystals and It’s Applications with Polyurethane for
Packaging Film. J Renew Mater. 2020;8(3):239-250. doi:10.32604/jrm.2020.08449
Harini K, Chandra Mohan C. Isolation and characterization of micro and nanocrystalline
cellulose fibers from the walnut shell, corncob and sugarcane bagasse. Int J Biol
Macromol. 2020;163:1375-1383. doi:10.1016/j.ijbiomac.2020.07.239

Collazo-Bigliardi S, Ortega-Toro R, Chiralt Boix A. Isolation and characterisation of
microcrystalline cellulose and cellulose nanocrystals from coffee husk and comparative
study with rice husk. Carbohydr Polym. 2018;191:205-215.
doi:10.1016/j.carbpol.2018.03.022

Fahma F, Iwamoto S, Hori N, Iwata T, Takemura A. Effect of pre-acid-hydrolysis
treatment on morphology and properties of cellulose nanowhiskers from coconut husk.
Cellulose. 2011;18(2):443-450. doi:10.1007/s10570-010-9480-0

Louis ACF, Venkatachalam S. Energy efficient process for valorization of corn cob as a
source for nanocrystalline cellulose and hemicellulose production. /nt J Biol Macromol.
2020;163:260-269. doi:10.1016/j.ijbiomac.2020.06.276

Arai T, Biely P, Uhliarikova I, et al. Structural characterization of hemicellulose released
from corn cob in continuous flow type hydrothermal reactor. J Biosci Bioeng.
2019;127(2):222-230. doi:10.1016/j.jbiosc.2018.07.016

22


https://www.astm.org/jte20220487.html

DOI: 10.1520/JTE20220487 https://www.astm.org/jte20220487.html

42.  Abraham E, Deepa B, Pothan LA, et al. Extraction of nanocellulose fibrils from
lignocellulosic fibres: A novel approach. Carbohydr Polym. 2011;86(4):1468-1475.
doi:10.1016/j.carbpol.2011.06.034

43.  PErez S, Samain D. Structure and Engineering of Celluloses. In: ; 2010:25-116.
doi:10.1016/S0065-2318(10)64003-6

44.  Perel J. An X-ray Study of Regain-dependent Deformations in Cotton Crystallites.
Journal of the Textile Institute. 1990;81(3):241-244. doi:10.1080/00405009008658707

45.  Oudiani A el, Chaabouni Y, Msahli S, Sakli F. Crystal transition from cellulose I to
cellulose II in NaOH treated Agave americana L. fibre. Carbohydr Polym.
2011;86(3):1221-1229. doi:10.1016/j.carbpol.2011.06.037

23


https://www.astm.org/jte20220487.html

