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Processing And Evaluation Of Chemically Treated
Kenaf Bast (Hibiscus Cannabinus)

Umoru, Patricia Ese., Boryo, Doris E.A., Aliyu, A.O, Adeyemi, O.O

ABSTRACT: The processing and evaluation of chemically retted kenaf bast (Hibiscus cannabinus) was carried out using sodium hydroxide and sodium
sulphite. The bast of the kenaf plant was retted with 5 % sodium hydroxide (NaOH) and 5 % sodium sulphite (Na,SO3) at 100 °C for 10 mins. The
extracted fibres were subjected to bleaching with hydrogen peroxide (H;O.). Mercerization process was carried out on the bleached fibres in order to
improve the quality of the fibres. The kenaf bast was converted into clean, lustrous, smooth and soft fibres using the retting, bleaching and mercerization
processes. The effects of these treatments were further evaluated using a tensile strength machine and a viscometer. It was observed that the samples
retted with Na,SO; and its corresponding bleached fibre had relatively high tensile strength and low viscosity values while those retted with NaOH and
its corresponding bleached samples gave lower tensile strength and high viscosity values. The implication of this is that the samples retted with Na,SO3
were slightly affected while those retted with NaOH were affected most. This was attributed to the inefficiency of NaOH in removing the impurities of the
fibre completely and as such lead to lower tensile strength and high viscosity while the reverse is the case for Na,SO; retted and bleached fibres. The
corresponding viscosity of mercerized fibre of NaOH retted samples was low whereas that of Na,SO3; was high. From the results obtained, it indicates

that Na,SO;s is a better retting agent than NaOH.
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INTRODUCTION

Kenaf is an annual crop that is common to ancient Africa. It
is a member of the hibiscus family (Hibiscus cannabinus L,
Malvaceae) and related to cotton and jute [1]. Kenaf is a
warm-season annual raw crop suitable in the South and
West of the United States, including California, Mississippi,
Texas, Georgia, Louisiana, Kentucky, and Tennessee [2].
Kenaf is made up of a single, straight, unbranched stem
consisting of two parts: outer fibrous bast and an inner
woody core. Kenaf grows very fast between 4-5 months
after planting, with heights of 12-16 feet (4-5 m) and 25-35
mm in diameter [3]. The bast fibres offer the advantage of
renewability and biodegradability that is essential for
making environmentally friendly textile products. Production
of Kenaf is less costly and less time-consuming than other
raw crops and produces high yield with minimal use of
chemicals [4]. Pulping kenaf plant (bast and core) can
benefit the environment because the process requires
fewer chemicals and less energy compared to standard
pulping processes for wood fibres. Although the kenaf bark
(or bast) fibre strands were once only considered for use as
a cordage fibre in such products as rope, twine, carpet
backing, and burlap [5], a diverse list of additional uses
have been developed for the bark fibre strands.
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These include use in automobile dash-boards, carpet
padding, corrugated medium [6], as a “substitute for fibre
glass and other synthetic fibres”[7], textiles [8], and as
fibres for injection molded and extruded plastics [9] Kenaf
bast fibre strands are presently in commercial use in other
environmentally friendly products such as fibre lawn mats
impregnated with grass seed, and spray-on soil mulches for
use along high-way rights-of-way or construction sites to
prevent soil erosion from water and wind. According to [1],
reported other end-use products made from kenaf, such as
canvas, animal feeds sack and bedding, paper, fishing net
and potting media. Kenaf bast, when properly processed, is
more lustrous, has greater tensile strength, and greater
resistance to rot when compared to jute [10], [11]. The
quality of fibres is largely determined by the retting
condition and duration. Basically there are five (5) types of
retting processes namely: dew, water, mechanical,
enzymatic and chemical retting. The chemical retting is a
quicker process than the natural processes (dew, water and
enzymatic) that affects several properties, including a loss
in tenacity, colour, and luster [12]. Paridah et al (2011) [13],
in a review reported that enzymatic retting has apparent
advantages over other retting processes by having
significant shorter retting time and acceptable quality fibres,
but it's quite expensive. NaOH is the commonly employed
retting agent, however, [12], [14], [115], reported that NaOH
has degrading effect on the mechanical property. This is
due to oxycellulose formation on the fibre. In this work, the
quality of retted kenaf bast using sodium hydroxide and
sodium sulphite was carried out. The aim of this work
therefore, is to evaluate the effect of chemically retted kenaf
bast (Hibiscus cannabinus) using tensile strength and
viscometric studies.

EXPERIMENTAL METHODS

Sample Collection

The bast of the kenaf plant used for this research was
obtained in Kaduna, Nigeria. The fresh stems were
collected and air-dried under laboratory conditions for 3
weeks. The bast of the kenaf plant were removed by cutting

1IJSTR©2014
Www.ijstr.org


mailto:patriciaumoru@yahoo.com

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 7, JULY 2014

the stem into convenient sizes and then removed from the
woody part for chemical treatment.

Methods of Processing
The bast of the kenaf plant was processed into useful
materials by retting, bleaching and mercerization process.

Retting Process

A comparative chemical retting method was employed
using NaOH and Na,SO; The method proposed by [14]
was used. Specific sample weights of the rib boned kenaf
bast were immersed into a beaker containing 5 % NaOH
and was allowed to boil for 10 mins at 100°C and washed
properly under flowing tap water. The whole procedure was
repeated using 5 % Na,SO; retted at 100 °C for 10 mins.
The retted samples were kept in the laboratory over night
and were weighed until constant weights were obtained for
calculation of the percentage yield.

Bleaching Process

Bleaching process is the removal of natural colouring
matter from the fibres. Hydrogen peroxide (H,O,) has been
reported to give a permanent colour than other oxidizing
agents according to [15]. Hence the bleaching liquor
formulated by [16] was prepared by measuring 7.5 ml of 70
% H,0,, 1.8 g sodium carbonate, 1 g NaOH, 3 g of Sodium
silicate ( as a stabilizer) and 1g lissapol N was measured
into a 1000 ml volumetric flask. This was made up to the
mark with distilled water. This was made up to the mark
with distilled water. Known weights of the retted samples
were immersed into a beaker containing the bleaching
liquor. This was boiled for 30 mins and the bleached
samples were properly washed under flowing tap water.
The bleached samples were kept in the laboratory over
night and were weighed until constant weights were
obtained for calculation of the percentage yield.

Mercerizing Process

Mercerization process improves the quality of fibres [17],
[12] and [13] reported that mercerization improves the
mechanical properties (tensile strength, luster, crease
recovery etc) of retted and bleached fibres and
cotton/polyester blend fabric. It also improves the tensile
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strength and the dye ability of the fibre [17], [16]. The
procedure proposed by [17] was employed for this work in
which known weights of the bleached samples were
immersed into the beaker containing 20 % of NaOH. This
was allowed to stand for 30 mins at a temperature below 5
°C. The samples were properly washed with water, then
neutralized with acetic acid to remove any alkali present
and rinsed finally to prevent any further reactions. The
mercerized samples were kept in the laboratory over night
and were weighed for percentage yield determination.

Viscometric Measurement

A Malcom viscometer (PM-28) was used for the
determination of the viscosity of the chemically treated
fibores. The procedure outlined by [17], [16] for the
preparation of the sample solution was adopted in this
study. 0.5 g of the retted bleached and mercerized samples
were dissolved each in a beaker containing 70 % H,SO,
and the viscometer immersed into each beaker with content
and the viscosity values were recorded.

RESULTS AND DISCUSSION

Table 1, shows the effect of chemical processes on the
fibre yield. Figure 1, gives the tensile strength of samples of
the fibre retted with NaOH and Na,SO; at 100 °C for 10
mins. Table 2, shows the values of tensile strength and
specific viscosities of NaOH and Na,SO; retted fibres for 10
mins. Figuue 2 is the effects of retting process on specific
viscosity of fibre retted with NaOH and Na,SO; for 10 mins.
Figure 3 is the effects of bleaching process on specific
viscosity of fibre retted with NaOH and Na,SO; for 10 mins
while Figure 4 is the effects of mercerization process on
specific viscosity of fibre retted with NaOH and Na,SO; for
10 mins.

Effects of Chemical Processes on Percentage Yield
of the Fibres

From Table 1, it shows that the fibres yield 60.66 and 65.99
% for NaOH and Na,SO; respectively. It implies that
Na,SO; retted fibres have greater percentage yield than
those of NaOH.

Table 1: Percentage Yield of the Fibre and Impurities by the Chemical Processes

Retting Process Bleaching Process Mercerization Process
Rettln_g . Impurities . Impurities . . Impurities
Conditions Fibre Fibre Fibre yield
ield (%) Removed ield (%) Removed (%) Removed
ne (%) y (%) (%)
NaOH at R,60.66 | 39.34 B,57.66 | 42.34 M;98.50 | 1.50
100°C
Na,SO;
at 100 °C R, 65.99 34.01 B,61.56 38.44 M, 99.00 1.00

R, and R, = Samples retted at 100 °C with NaOH and Na,SO;
B, and B, = Bleached samples of respective NaOH and Na,SO; retted fibres at 100 °C.
M, and M, = Mercerized samples of respective NaOH and Na,SO; retted at 100 °C.

The combing process also contributes to the loss of
cellulose in fibres retted with NaOH due to weakness
caused by the NaOH retting agent. For the bleached

samples the percentage impurities were not too

pronounced because the bleaching process was only

meant to remove the colouring matter. However, the
2
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mercerization process was meant to improve the quality
(properties) of the fibres as such the loss is negligible but
due to combing and washing process very few fibre were
lost. This is the reason why the percentage yield was high.

Effects of Chemical Processes on Texture of the
Fibre

The samples retted with Na,SO; showed cleaner, softer and
smoother products compared to those retted with NaOH.
Mooney et al (2001) [18], reported similar result with kanaf
fibre rettted with NaOH. The bleached samples were not
too soft and lustrous but smoother and cleaner, especially
for Na,SO; retted samples. The mercerized process
relatively improved the texture of the fibres compared to the
corresponding bleached and retted fibres. This agrees with
the report of [17 and [15] on the effect of mercerization
process on cellulose. Although, the mercerized samples of
Na,SO; retted fibres were softer, lustrous and smoother
than the mercerized samples of NaOH retted fibres. This
suggests that the retting agent employed determine the
efficiency of other processes, quality and yield of the fibre
as observed in this work and as reported by [17], [14] and
[19]. Furthermore, the mercerized fibre retted with NaOH is
brittle when few strands are snapped by hand and gave
shorter length of fibre compared to that of Na,SO;, this
could be attributed to much damage caused by NaOH on
the fibre.
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Effects of Chemical Processes on Colour of the
Fibre

The treated samples showed that NaOH and Na,SO;
removed the mucilaginous matter by the change in colour.
Although, the samples retted with Na,SO; gave cleaner and
brighter products while those retted with NaOH gave brown,
dirty and less bright fibres. Similar results for NaOH retted
fibre were obtained by [20]. This may be attributed to the
incomplete removal of lignin by NaOH leading to the brown
colour observed. This also is because NaOH is a stonger
alkali compared to Na,SO; and so NaOH has much effect
on the fibre than Na,SO;. The bleached fibres were whither
and beautiful for those treated with Na,SO; while those
treated with NaOH gave a yellowish product. The
mercerized samples were a little bit yellowish due to the
action of mercerization ligour (NaOH) used on them. This
observation agrees with the work of [14].

EFFECTS OF RETTING ON THE TENSILE
STRENGTH OF NaOH AND Na,SO; RETTED

FIBRES

Samples retted with Na,SO; gave higher tensile strength
values as compared to that retted with NaOH figure. 1, this
could be due to the fact that NaOH is a stronger retting
agent than Na,SOsand as such has more weakening effect
on the fibre. Similar result has also been reported by [21]
using 5 % NaOH and 5 % CgH;COONa. A range of 310-
750 mm has been rated as fair by other authors [22], [22],
[24] with chemical retting.

Table 2: The Tensile Strength and Specific Viscosities of NaOH and Na,SO; Retted Fibres for 10 Minutes

Retting Conditions ;Fr(ra]rr:qs)lle Strength Specific Viscosities
Untreated Sample U, 110 0.47

NaOH Retted at

100 °C (R,) 320 0.30

Na,SO; Retted

at 100 °C (R,) 410 022

450 -
400 -
350 ~
300 -
250 ~
200 -
150 -

Tensile Strength

100 -+

Na2803 NaOH US

Fig: 1 Effects of Retting on the Tensile Strength of NaOH and Na,SO; Retted Fibres
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Fig 2: Effects of Retting Processes on the Specific Viscosity of Fibres Retted with NaOH and Na,SO; for 10 min.

Key

Us = Untreated Sample

R, = Retted Fibre of NaOH Retted at 100 °C
R, = Retted Fibre of Na,SO; Retted at 100 °C

EFFECTS OF BLEACHING AND
MERCERIZATION ON THE SPECIFIC
VISCOSITY OF NaOH AND Na,SO; RETTED

FIBRES

With reference to Figures 3 and 4, it was observed that the
efficiency of the subsequent chemical treatments (bleaching
and mercerized processes) also depends on the previous
retting agents and conditions of retting employed. For the
bleached fibres of NaOH retting on Fig. 3 (B,), the specific
viscosity showed a sharp decrease as compared to the
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©
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Specific Viscosity
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1
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0

untreated sample, while the bleached fibres of Na,SO;
retting (B,), showed a very drastic decrease compared to
the untreated sample. Knowing that bleaching process is
also a purification process, this might imply that complete
bleaching was achieved for the retted fibres (B,), coupled
with the complete retting process, which led to the solubility
of only the white fibre hence low specific viscosity. Whereas
the NaOH with its incomplete retting led to incomplete
bleaching process which made the viscosity value high
compared to the bleached fibres of Na,SO; retted.

_

Fig 3: Effects of Bleaching Processes on the Specific Viscosity of Fibres Retted with NaOH and Na,SO;for 10 mins.

B
D

s = Untreated Sample

B, = Bleached Fibre of NaOH Retted at 100 °C
B, = Bleached Fibre of Na,SO; Retted at 100 °C
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Figure 4 show a different trend in the specific viscosity of
the mercerized fibres compared to the retted and bleached
fibres. In this case, the mercerized fibres of the Na,SO;
retted fibres showed a higher value of specific viscosity
than the mercerized fibres of NaOH retted fibres. This may
be because mercerization is not a purification process but is
rather a chemical reaction between the fibre (cellulose) and
the mercerizing agent. Trotman (1975) [16], suggested that

0.5 -
0.45 -
0.4 -
0.35 -
0.3 -
0.25 -
0.2 -
0.15 -
0.1 -
0.05 -

0

Specific Viscosity
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the reaction leads to the formation of alkali-cellulose and
these results into hygral swelling of the fibre [19]. This
implies that Na,SO; retted fibres must have shown more
hygral swelling as a result of complete purification than the
less purified NaOH retted fibres. Thus, increase in the
viscosity for Na,SO; retted fibres than that of NaOH retted
fibres.

Fig 4: Effects of Mercerization Processes on the Specific Viscosity of Fibres Retted with NaOH and Na,SO; for 10 mins.

Key

Us = Untreated Sample

M, = Mercerized Fibre of Na,SO; Retted at 100 °C
M, = Mercerized Fibre NaOH Retted at 100 °C

CONCLUSION

Samples retted with NaOH were dirty, brown, and less
bright in colour and the fibre strands were sticky. This was
attributed to the effect of NaOH on the fibres and
incomplete removal of pectin substance. Those retted with
Na,SO; were cleaner and brighter which is due to the fact
that Na,SO; is a weaker alkali compared to NaOH and thus
less damaging effect on the fibres. In terms of texture,
samples retted with Na,SO; were smoother and softer
compared to those retted with NaOH for the corresponding
bleached and mercerized fibres. For percentage vyield,
those retted with Na,SO; gave higher values than those
retted with NaOH. This may be because NaOH has
damaged the fibre. In terms of tensile strength, samples
retted with Na,SO; gave higher tensile strength compared
to those retted with NaOH. For viscosity, it was observed
that the samples retted with Na,SO; and its corresponding
bleached fibres had low specific viscosity values while
those retted NaOH and its bleached fibres had high specific
viscosity value.
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