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Abstract
Fibres from hemp stems can be extracted through different mechanical processes following dew or water retting etc.
Extraction processes generally have a significant impact on mechanical and morphological properties of the fibres. In this
study, hemp fibres are extracted following three different ways. In the first route hemp fibres are extracted from FUTURA
75 variety stems by performing scutching, hackling and microwave degumming. A second batch of fibres of the same
variety was extracted by scutching and hackling after an initial microwave degumming treatment. In the third route,
the same variety of hemp fibres are extracted from dew retted stems grown at Piacenza (Italy). Finally, the mechanical
properties of single fibres as well as the fineness of technical fibres of all types of extracted fibres are evaluated and
compared and the interest of the microwave degumming for hemp stem is evaluated.
Keywords Hemp · Microwaves degumming · Fineness · Mechanical properties

1 Introduction
Used for centuries in the textile industry and for sailing
equipment such as sails or ropes, hemp declined in use
and cultivation during the nineteenth and twentieth centuries [1]. Recently, there has been a significant rise in the
number of hectares of hemp grown due to an increasing
demand for seeds for a diversified use in the food sector
[2]. Valorising both the seeds and the straws (particularly
the fibres) would provide a non-negligible supplementary
income to the farmers as proposed by [3]. Currently hemp
fibres are mainly used for papermaking or as short fibre
reinforcements for composites but there are no textile
reinforcements dedicated to the reinforcement of load
bearing composites from hemp.
For load bearing composite applications, it is necessary
to preserve as much as possible the mechanical and morphological properties of the hemp fibres. Apart from the
type of fibre extraction process that should exclude very
aggressive devices such as hammer mills [4, 5], the second

parameter that can have an influence is retting [6–9]. Retting is a process during which micro-organisms attack the
pectic cements binding the fibres together and thus promote the refinement of the bundles [10]. The quality of the
retting achieved will have an influence on the quality of
the fibres because they will be much easier to extract and
separate into fine and long technical fibres [11].
Water retting has long been used by immersing the
stems in “open” water tanks [12]. This treatment greatly
favours the fibre extraction, but it is prohibited in western
Europe because of its high environmental impact [13, 14].
This study will therefore focus on two different types of retting: dew retting and microwave retting (also called microwave degumming). The properties of fibres extracted after
dew retting and after the use of microwave degumming
are compared and analysed. The mechanical properties of
the fibres are determined by carrying out tensile tests on
single fibres. For this purpose, a tension device developed
by Dia-Stron Ltd. is used. The morphological property
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evaluation mainly consists in measuring their fineness by
using a scanner type device.

2 Materials and methods
2.1 Plant material
The tests are carried out on hemp stems and fibres of the
FUTURA 75 variety grown and harvested in Italy (Università Cattolica del Sacro Cuore, Piacenza). Different hemp
varieties are developed by breeders using plant selection.
FUTURA 75 is the brand name of a variety developed by
the “Hemp-it” company (https://www.hemp-it.coop/) for
dual purpose valorisation (both seeds and straw) so that
to promote a higher income to farmers.
The hemp stems were harvested at the end of flowering, i.e. at the beginning of August, and cut into 2 sections
of 1 m each. Some stems have been directly harvested
and stored. It corresponds to the non-retted batch. Other
stems were then retted in the field for 4 weeks before
being packed in the form of bundles of oriented stems.
This is the batch retted in the field. The two batches were
coming from the same field.
Tests are performed on 2 types of samples. First of all,
sections of unretted stems of 5 centimetres in length are
taken from the central part of the stems since this area
is expected to provide the best quality fibres [15] in flax
and hemp. These samples are then immersed for 24 h in a
water tank at room temperature to create polar molecules
within the material and to allow the microwave treatment
that is then carried out to be effective.
A second batch of samples is constituted from hemp
fibres extracted by scutching from stems that have undergone the same types of harvesting and retting as in the
previous batch. These fibres are then immersed in water at
room temperature for 24 h before being degummed using
microwave energy.
The last batch studied consists of hemp fibres obtained
from stems dew-retted in the field and extracted by
scutching and hackling using the same device and test
parameters as for the previous batch.

2.2 The fibre extraction device
The extraction of fibres from hemp stems that have been
retted in the field is carried out by scutching hackling
using a device developed by Taproot Fibre Lab (Nova Scotia, Canada) as shown in Fig. 1.
The scutching hackling fibre extraction device is composed of 3 distinct modules. The first module consists of
three successive pairs of fluted rollers designed to break
the woody part of the stems. The material obtained at
Vol:.(1234567890)

Fig. 1  Taproot fibre extraction device

the end of the breaking process is then transmitted to a
scutching module. This scutching step removes the shives
and plant dust trapped in the fibres. Finally, the material is
passed through a hackling device to align and start separating the fibre bundles.
The long fibre bundles obtained at the outlet of the
device may not be very well separated. In that case the
need for additional degumming treatment before (on
hemp stems) or after (on extracted fibres) extraction by
scutching hackling may be used.
When microwave energy degumming tests are performed on the fibres, an additional hackling step is performed following the treatment on the hackling device.

2.3 Microwave degumming
Microwave degumming is used to obtain a better separation of the bundles and therefore subsequently obtain
quality fibres suitable for composite materials for structural
and semi-structural parts. This treatment attacks the middle lamella holding the fibres together. According to Nair
et al. [16] or Cheng et al. [17], microwaves degrades the
polar molecules created in the material during the soaking of the samples mentioned above. Pectin being a more
polar molecule than cellulose, it is primarily degraded by
the degumming treatment with microwave energy.
The tests were conducted on a microwave oven of
adjustable power and processing time. The processing
power used is the same as that chosen by Nair in its study,
i.e. 2 W per gram of material [16].
The selected test parameters are presented in Table 1.
After degumming, the samples are rinsed 5 times with
water at room temperature and then dried in an oven at
60 °C until they reach a humidity level of 8%.
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Table 1  Microwave
degumming parameters

Microwave power
Exposure time

2 W/g
20 min

2.4 Morphological analysis
Forty bundles of fibres are randomly sampled from the
material obtained at the end of the treatment. The average
diameters of these bundles are then measured by image
processing on the ImageJ software after taking images
under an optical microscope (Olympus PMG3-F3, France).
Three diameter measurements are made over the length
of each bundle.

2.5 Single fibre tensile tests
Thirty elementary fibres are extracted manually from each
batch in order not to damage them and to obtain properties as close as possible to their reinforcing potential. Each
end of the individual fibre is positioned in plastic tabs and
held in position with a UV-sensitive glue to prevent it from
slipping during the tests.
The measurement of the cross-sections of the elementary fibres is carried out by using the “automated laser
scanning” method which uses a shadow projection technique. A fibre dimensional analysis system (FDAS) controlled by Diastron Ltd.’s UV Win software, Hampshire, UK,
shown in the Fig. 3, is used to determine the diameters
of individual fibres using a high-precision laser beam
photodetector. The individual fibre mounted in the plastic shelves is positioned in jaws and held in position by a
pneumatic system. The fibre is scanned on its 360° periphery and along its entire length at regular intervals. For this
study, fibres with a gauge length of 12 mm are scanned
ten times in different ways over their entire length. During the rotation of the fibre, the maximum and minimum
diameters are measured and correspond to real measurements. The other measurements correspond to projected
diameters. The area of the fibre is then calculated from
the maximum and minimum diameters by following an
elliptical model. As explained by Garrat et al. [18], such a
model is more provides results that are closer to the real
area of the fibre, on the contrary to the circular model that
is widely used. This measuring system allows diameters to
be determined with an accuracy of 0.01 µm. However, it
should be noted that this system does not allow the measurement of concave surfaces but this is very rare at the
scale of individual fibres.
On the picture presented below [19], it is clearly visible that the percentage of fibres presenting high levels
of concavity is globally not very high, but it exists. In our
study, this amount was not measured.
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Our study concentrates on the measurement of tensile properties of single fibres. As it is possible to see on
Fig. 2, the fibres are not cylindrical, and their section may
change along their length. This is why, a laser scanning
system based on the “ombroscopy” principle was used so
that to estimate with the highest accuracy the local cross
section areas along the fibres. In most of the publications of the literature, the authors use optical microscopy
measurements. In most of the cases, the fibres lay down
on their larger diameter and this is the one that is taken
into account to measure the cross section of the fibre
using a cylindrical model. Over estimation of the diameter is generally performed and the tensile properties
under-estimated.
Moreover, the fibres are not cylindrical and other models such as elliptical models should be used. This is why,
the laser scanning device is used in this work so that to

Fig. 2  Cross sectional sections of hemp fibres [19]

Fig. 3  Fibre dimensional analysis system
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decrease the cross section measurement errors even
though small systematic errors can be encountered due to
concavity. For technical fibres, Garat et al. [18] found that
the cross section was under-estimated by 30% for flax and
hemp technical fibres. In another study to be published,
the authors found similar tendencies for hemp individual
fibres. So the authors believe that the measurements performed in the frame of this work globally minimise the
cross section measurements (Fig. 3).
Tensile tests are performed on specimens previously
prepared for the diameter measurement of individual
fibres. After calculating the cross-sectional areas of the
individual fibres using an elliptical model, they are tested
in tension. The system used is an automated high-precision extensometer (Lex 820, Dia-Stron Ltd., Hampshire,
UK) composed of 2 elements: a load cell with a capacity
of ± 20 N and a stepper motor for tension. It is used for
low deformation ruptures. The displacement is obtained
with an accuracy of 1 µm. The tests are performed with a
displacement speed of 1 mm/min. The tensile strength and
elastic muduli of the fibres can then be calculated.

2.6 Statistical analysis
Tests, called Student tests, are performed to determine
if there is a statistical difference between two batches of
samples in terms of mean values. A 95% confidence interval is taken.

3 Results
3.1 Morphological analysis
Morphological analyses are carried out after each stage of
microwave degumming on two types of materials: fibres
obtained by scutching hackling and degumming or fibres
obtained after degumming of un-retted stems followed
by scutching/hackling. The results obtained are compared
with fibres from hemp retted in the field and extracted by
scutching hackling.
When the degumming is carried out directly on the
hemp fibres, morphological analyses are carried out on the
material before degumming, either at the end of scutching
hackling, after the microwave energy treatment step and
a final analysis is carried out after the additional hackling.
When the degumming is carried out on the non-retted
hemp stems, morphological analyses are carried out on
the degummed material and then extracted by scutching
hackling.
The results obtained are presented in Table 2.
Vol:.(1234567890)

Table 2  Morphological analysis
results; Batch 1: scutched
and hackled un-retted; Batch
2: scutched, hackled and
microwaved degummed;
Batch 3: scutched, hackled,
microwaved degummed
and hackled again; Batch
4: microwave retted stems,
scutched and hackled

Batches

Diameters (µm)

Dew retted
Batch 1
Batch 2
Batch 3
Batch 4

68 ± 67
78 ± 69
47 ± 52
45 ± 44
43 ± 41

Student tests were performed for each batch tested.
The results obtained show first of all that there is no significant difference between non-retted and retted fibres
after the scutching hackling extraction stage (Batch 1/
Batch 2). Dew retting in the field (as performed on the
tested batches) therefore does not have a sufficient and
significant impact on the degradation of the middle
lamella and on the separation of the fibres. This result
confirms that retting alone in the field (as performed in
the frame of this study) may not be sufficient to obtain
fibres of sufficient fineness for the manufacture of structural and semi-structural composite parts. Fibre diameters in the range 35–45 µm are targeted. An additional
processing such as microwave treatment could improve
this fineness.
Microwave energy degumming performed after fibre
extraction (Batch 2) significantly reduces the bundle
diameters of un-retted fibres compared to dew-retted
and un-retted fibres extracted by hackling scutching
(Dew-retted and Batch 1/batch 2). This conclusion is also
valid when the degumming is performed on the stems
(Dew-retted and Batch 1/Batch 5). Thus, microwave degumming significantly improves the fineness of the material obtained. However, the additional hackling carried
out following the degumming (Batch 2/Batch 3) does not
have a significant impact on fibre separation.
The high dispersion of the results observed is classical. First, the tests are carried out on randomly selected
bundles, which results in the presence of bundles of 2 or
3 fibres as well as large bundles of fibres in the batches
tested. In addition, the samples with the greatest dispersion are the non-retted and dew-retted batches. In this
case, the fibres are not very well separated from each
other, which leads to the presence of very large bundles.
Fine fibres can also be observed. When the degumming
is carried out, the action of the microwaves concentrates mainly on the middle lamella binding the fibres
together. This leads to a refinement of all the bundles
with an even more marked impact on the very large
bundles. In addition, the additional hackling carried out
permits to increase the fibre separation and reduces the
fibre distribution width.
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Table 3  Tension test results; dew-retted: dew retted scutched
and hackled; Batch 1: scutched and hackled un-retted; Batch 2:
scutched, hackled and microwaved degummed; Batch 3: scutched,
hackled, microwaved degummed and hackled again; Batch 4:
microwave retted stems, scutched and hackled
Batches

Failure stress (Mpa)

Young
modulus
(Gpa)

Dew retted
Batch 1
Batch 2
Batch 3
Batch 4
Marrot et al. [20]

822 ± 400
791 ± 415
969 ± 431
666 ± 261
857 ± 267
889

48 ± 24
51 ± 20
45 ± 18
33 ± 16
43 ± 19
35
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an alternative, another type of retting using microwave
energy was proposed with success. This type of retting permits to significantly reduce the technical fibre diameter to
suitable targeted values in the range 35–45 µm and does
not reduce the high potential of the individual fibres. The
potential of this technique was therefore demonstrated
and further studies should be performed to investigate the
environmental and economical cost of such a technique
at the industrial level.
Acknowledgements This project has received funding from the BioBased Industries Joint Undertaking under the European Union’s Horizon 2020 research and innovation program under Grant Agreement
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3.2 Mechanical analysis
Mechanical analyses are carried out on the same batches
as those studied for the morphological analyses. Thirty
individual fibres were tested for each batch.
The results of the tensile tests are presented in Table 3.
Student tests were also performed for each batch tested
to determine if they are significantly different.
No significant difference is observed between dew retted and microwave degumming performed on stem tensile properties (Dew retted and Batch 4). The microwave
degumming does not degrade the high mechanical potential of the fibres. Student tests were carried out on the different batches with Batch 1 (scutched and hackled without any kind of retting or degumming) as a reference. The
results show that the microwave treatment has no significant impact on the tensile properties of the fibres (Batch 1/
Batch 2). However, the additional hackling of the fibres has
a negative impact on their potential (Batch 2/Batch 3). If
the treatment is carried out on the stems before scutching
and hackling, it is possible to obtain better properties than
if scutching is carried out without pre-treatment (Batch 1/
Batch 5). The properties obtained after microwave degumming are comparable to those of elementary hemp fibres
extracted manually and are even high if one considers the
elastic modulus [20]. This therefore means that the microwave degumming does not degrade the tensile properties
of the hemp fibres.

4 Conclusions
The manufacture of load bearing composite requires
the use of well separated technical fibres. If this can be
well obtained for flax fibres following dew-retting procedures in production zones such as Normandy (France),
similar procedures are not yet optimised for hemp. As
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