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Abstract

Flax has been usually used to produce natural cellulose fibres with properties suitable for
composite, textile, and other high-value fibrous applications. Spanish Broom, extracted
by a physical-chemical process, is a source of cellulose fibres that can be used, as well as

flax, in various fields (textile, paper, composites etc.). The aim of this study was to describe

the chemical composition, morphology and tensile properties of Spanish Broom fibres in
comparison with flax. The morphology of both fibres was established by optical microscopy
(OM). The chemical composition and tensile properties of Spanish Broom fibres were deter-
mined according to conventional methods. The results show that Spanish Broom fibres have
a higher cellulose content (91.7%) and better tensile properties than flax fibres. Moreover,
Spanish Broom fibres have a smaller diameter (7-10 um) than flax (17-24 um), as observed
by OM, and the cross-sections show an irregular polygonal shape with well defined lumen.
Spanish Broom fibres were found to have very good tensile properties as well as thermal

stability and could successfully replace flax in many applications.
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Introduction

Recently there has been increasing
worldwide interest in the use of lignocel-
lulosic fibres (hemp, flax, ramie, sisal and
jute) as an alternative to synthetic fibres
for various applications in the textile in-
dustry [1 - 6] such as a reinforcement for
composite materials [7 - 9] or raw ma-
terials for thermal insulations [10]. The
use of bast fibres in many applications
depends on their composition, extraction
process and physical properties [11].

Generally natural fibres present impor-
tant advantages such as low density, ap-
propriate stiffness and mechanical prop-
erties as well as high disposability and
renewability in comparison with syn-
thetic fibres [12, 13]. Moreover they are
recyclable and biodegradable. Bast fibres
such as flax, hemp and Spanish Broom
are some of the oldest sources of cellu-
lose fibres. Currently flax is widely used
by the textile industry as speciality fibres
to create a distinctive fabric with unique
characteristics, while the paper and com-
posite industries utilise this strong bast
fibre to improve strength [14]. In con-
trast, the use of Spanish Broom fibres has
been limited due to the low efficiency of
the extraction process. In the past, peo-
ple used Spanish Broom fibres mainly
for coarse fabrics and cordage. Recently
broom fibres were extracted by an easy,
efficient, convenient and fast physical-
chemical process, increasing the pos-
sibility of extensive application of these
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fibres on a large scale in various fields,
including the textile industry [15].

Spanish Broom is a small shrub avail-
able in Mediterranean countries, where it
grows spontaneously. In comparison with
flax and hemp, Spanish Broom grows in
the most unfavourable limestone soil and
once planted it can be used during a peri-
od of up to twenty years, whilst hemp and
flax demand high quality soil each year.
Taking into account this information, in
this work we report the chemical compo-
sition, morphology and tensile properties
of Spanish Broom fibres in comparison
with flax.

Materials and methods

Materials

Spanish Broom shrubs were grown in
a research field at Calabria University,
Arcavacata di Rende (CS), Italy. The
Spanish Broom was used without any
pretreatment or purification. Flax was
supplied by Linificio & Canapificio Na-
zionale (LCN), Bergamo, Italy.

Fibre extraction

Fibres were extracted by a physical-
chemical process, as reported in our
previous work [15]. Briefly, fibres were
extracted by treating vegetable branches
with a 15% (w/w) sodium hydroxide so-
lution at 100 °C for 15 min. The hot sprigs
were washed in water to obtain rough
fibres that were further cleaned from
lignin by air oxidation into an autoclave
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Figure 1. OM micrographs of the cross-section (a) of elementary Spanish Broom and

(b) flax fibres.
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Figure 2. (a) Chromaticity diagram of Spanish Broom (blue) and flax fibres (grey). (b) CIE
L*a*b values of Spanish Broom (blue spots) and flax fibres (grey).

at 120 °C and 1 MPa pressure for 3 h. The
fibres were finally washed and dried.

Fibre composition

The amount of cellulose in the fibres was
determined using the colorimetric method
with the anthrone reagent [16]. Pentosans
and lignin were determined according to
the TAPPI T223 hm 84 (1984) [17] and

26

TAPPI T222 om 02 (2002) [18] methods,
respectively. The ash content of the fibre
was determined by weighting the residue
remaining after ignition at 575 °C for3 h
[19]. Pectins were determined colorimet-
rically using the carbazole method [20].

Fibre morphology

A Leitz DB-MR microscope was used
to observe the cross sections of Span-

ish Broom and flax fibres. The diameter
of the fibres was measured according to
UNI 5423/64.

Colour measurement

The colour coordinates of Spanish
Broom and flax fibres were determined
using a Minolta CM 2600-D colorimeter
and CIE Lab colour system. Each sample
was analysed five times.

Tensile properties

The tensile properties of the fibres in
terms of tenacity, percentage of elonga-
tion at break and initial modulus were
determined using an Instron 6021/5500
tensile testing machine according to
UNI EN ISO 5079 at room tempera-
ture (20 °C) and 65% relative humidity.
About 100 fibres were tested and the av-
erage and standard deviations recorded.

Moisture regain and water absorption

The moisture regain of Spanish Broom
and flax fibres was determined at differ-
ent temperatures and humidities. Water
absorption analyses were determined
gravimetrically. The specimens were im-
mersed in distilled water, took out of the
water and excess water was removed be-
fore weighting.

Thermogravimetric analysis

The fibres were heated in Netzsch 429
Thermogravimetric analysis (TGA) ap-
paratus at a rate 20 °C min-! from room
temperature to 500 °C. TGA was per-
formed in static air.

@ Results and discussion

Fibre composition

The chemical composition of Spanish
Broom fibres is reported in Table I in
comparison with that obtained from flax.
As seen from the table, the cellulose con-
tent is higher in Spanish Broom fibres
than in flax. The lignin content in Span-
ish Broom fibres is similar to that of flax
fibres. The pectin and pentosan content
is lower in Spanish Broom fibres than
in flax fibres. The chemical composi-
tion differences observed among Spanish
Broom and flax fibres can be attributed to
various factors such as the composition
of the plant and also, not insubstantially,
to the conditions used for extracting the
fibres [21, 22]. Thus it is possible to mod-
ify extraction conditions (NaOH concen-
tration, time) to remove further hemicel-
Iuloses and lignin from fibres.
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Table 1. Comparison of chemical composi-
tion of Spanish Broom and flax fibres.

Brggr?]nflisbl:es Flax fibers
Cellulose, % 91.7+0.1 75.3+0.3
Lignin, % 3204 42+01
Pentosans, % 41+0.3 16.3+0.2
Pectins, % 0.0+0.0 3.2+03
Ash, % 1.0+£0.2 1.0+ 0.1

Table 2. Tensile properties of Spanish
Broom fibres compared with flax fibres.

Fibre properties | Spanish Broom | Flax
Density, g/ml 1.36 1.41
Tenacity, cN/tex 35.9 16.9
Strain at break, % 5.8 1.9

Morphological structure

Figure 1 shows a optical micrograph of
a transversal cross-section of the Spanish
and flax fibres. Both fibres are arranged in
bundles of single cells called elementary
fibres. Although the number of elemen-
tary fibres is the same for Spanish and
flax, it was observed that Spanish Broom
fibres are slightly smaller than flax fi-
bres. In particular, the diameter of Span-
ish Broom varies in the range of about
7 - 10 pm, while the flax diameter varies
in the range of about 17 - 24 pm. These
differences influence the properties of fi-
bres such as water absorption.

Moreover Spanish Broom as well as el-
ementary flax fibres have an irregular po-
lygonal shape with well defined lumen.

Colour measurement

Fibre colour is an important quality in
design applications, for example in the
automotive and textile sectors [23]. The
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Figure 3. Thermogravimetric (TG) and derivative thermogravimetric (DTG) curves of Spanish Broom
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colour values of Spanish Broom as well
as flax fibres are presented in Figure 2.

From the colour values, it was observed
that Spanish Broom fibres were less
bright and yellower than flax. In fact,
the L value of Spanish Broom samples
is lower than that of flax, decreasing the
brightness, while the b value (which rep-
resents variations in yellowness to blue-
ness) is higher than that of flax. These
differences in colour can be attributed
to various factors such as the extraction
process [24], but also to raw materials
and storage conditions .

Tensile properties

The tensile properties of Spanish Broom
fibres compared with flax fibres are re-
ported in Table 2. Spanish Broom fibres
have a higher tenacity and strain at break
than flax fibres. These data indicate that
Spanish Broom fibres will be more soft
and flexible than flax fibres.

Like other lignocellulosic fibres (hemp,
sisal, kenaf) [25], Spanish Broom as well
as flax fibres are characterised by low
density, which is highly appreciated in
the automotive industry [26].

Moisture regain

Table 3 shows the moisture regain at dif-
ferent contents of relative humidity (RH)
of Spanish Broom and flax fibres. The
moisture regain is slightly lower in Span-
ish Broom fibres than in flax, suggesting
that apparel made from Spanish Broom
fibres as well as flax fibres would be com-
fortable to wear. The higher moisture re-
gain of flax fibres can be attributed to the
presence of non-cellulosic substances,
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Table 3. Moisture regain of Spanish Broom
and flax fibres.

Moisture, %

Tempsrature, RH, % Spanish o
ax
Broom
20 2.62 3.78
20 65 8.32 9.50
95 12.82 13.51

Table 4. Water absorption of Spanish
Broom and flax fibres.

Fibres Water absorption
Spanish Broom 684%
Flax 287%

especially pentosans (16.3%) and pectin
(3.2%), which are more hydrophilic with
respect to cellulose [27].

Water absorption

In Table 4 the values of water absorption
of Spanish Broom compared with flax fi-
bres are reported. Spanish Broom fibres
have a higher water absorption value
than flax fibres, suggesting the possibil-
ity to create more comfortable clothes.
This behaviour can be attributed to the
higher fineness of Spanish Broom fibres
compared to flax, as confirmed by the
morphological analysis.

Thermogravimetric analysis

Figure 3 shows thermogravimetric (TG)
and derivative thermogravimetric (DTG)
curves of Spanish Broom and flax fibres.
According to other studies on lignocel-
lulosic fibres [28, 29], after the initial
weight loss at 100 °C due to moisture
evaporation of the fibres, significant
weight loss for both fibres is observed
over 200 °C, suggesting the thermal deg-

DTG
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and flax fibres .
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radation of hemicellulose, cellulose and
lignin. In addition, DTG curves show
two endothermic peaks at 335 °C and
472 °C for Spanish Broom and at 343 °C
and 470 °C for flax, corresponding to the
decomposition of cellulose and lignin, re-
spectively. Therefore it can be concluded
from these results that Spanish Broom as
well as flax fibres show good thermal sta-
bility, making them suitable as reinforc-
ing elements in bio-renewable composite
material preparation.

Conclusions

Natural fibres with a very high cellulose
content, can be extracted from Spanish
Broom spontaneously growing in Medi-
terranean countries. Spanish Broom fi-
bre applications were very limited in
the past, due to many difficulties of the
extraction method. Nowdays the use of
a physical-chemical process to extract
Spanish Broom fibres allows to obtain
fibres which can be conveniently used in
various fields (textile, biochemical con-
version, composites etc.). In this work,
we compared Spanish Broom fibres with
flax, which is one of the oldest sources
of cellulose fibres. The results show that
the morphology of both fibres is similar,
but Spanish Broom fibres have a smaller
diameter than flax. Moreover comparing
Spanish Broom fibres with flax, it was
observed that Spanish Broom fibres have
very good tensile properties as well as
thermal stability and could successfully
replace flax in many applications.
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