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" Introduction

Broussonetia papyrifera (L.) Vent. (BP)
or paper mulberry, a fast growing tree of
the Moraceae family, is widely distrib-
uted in East Asia and the Pacific Islands
[1]. This plant exhibits a range of attrac-
tive features, such as wide adaptability,
a strong germinating ability and an ex-
cellent regeneration capability [2, 3].
Furthermore it could be easily grown in
some severe conditions, e.g. in an upland
area with moist alluvial soil, such as in
stream banks and valley floors.

Furthermore the Broussonetia papyrifera
(L.) Vent. was termed the “money-mak-
ing tree” because its bast and stem core
are prime raw materials for high quality
paper and food packaging paper [4, 5].
Consequently previous researchers have
mainly focused on the application of BP
for papermaking and pulping purposes,
and to our knowledge few investigations
have been made to explore other applica-
tions [6, 7].

In fact, as supplementary sources for nat-
ural cellulose fibres, some common bast
plants have already been investigated ,
including jute [8, 9], hemp [10, 11] and
flax [12]. Recently a few other novel nat-
ural cellulose fibres were extracted with
acceptable textile properties, from e.g.
hop stems [13], corn stalks [14], velvet
leaves [15], wheat and rice straw [16],
switchgrass [17], and soybean straw [18],
as well as some regenerated fibres (pine-
apple leaf, banana) [19].

Generally, natural cellulose bundle fibres,
such as flax and hemp, should possess
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Abstract

Natural cellulose fibres from Broussonetia papyrifera (L.) Vent. (BP) bast were system-
atically investigated in this paper. To begin with, BP fibres were successively extracted
from BP bast by four different degumming methods, among which the microwave-assisted
method exhibited high efficiency. It was found that non-cellulose substances were suffi-
ciently removed or reduced after the degumming process, but the cellulose I structure had
not changed from bast to fibres based on the XRD and FTIR results. Meanwhile the BP
fibres exhibited high crystallinity (75 ~ 77%), high breaking strength (2.19 ~ 2.39 cN/dtex)
and a remarkable moisture region (6.3 ~ 8.7%), but low breaking elongation (1.0 ~ 2.1%).
All those results indicated that the BP fibres had properties resembling those of traditional
natural cellulose fibres (e.g. cotton and flax); therefore they could be viewed as a promising
alternative source for natural cellulose bundle fibres.
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certain residual pectin and other binding
materials after degumming to bind indi-
vidual short single fibres together into
bundles [12]. Hence the residual gum
content was a key parameter to evalu-
ate fibre quality. Also the residual lignin
content significantly influenced the qual-
ity of fibres. For instance some research-
ers[20] indicated that fibres with little re-
sidual lignin appeared glossy and turned
a white color with a lignin content up to
0.8%. However, if the lignin content was
too high, the fibres became yellowish and
difficult for further processes. Besides
the residual gum and lignin contents, the
fibre breaking tenacity was another im-
portant parameter to assess the degum-
ming process.

In this study we attempted to extract tex-
tile fibres from Broussonetia papyrifera
(L.) Vent. (BP) bast. Four different meth-
ods were successively applied to extract
BP fibre so as to compare their feasibil-
ity and effectiveness. Then the BP bast
and fibres obtained were characterised
by XRD, FTIR and SEM. Furthermore
some important properties of the fibres
obtained were measured and compared
with those of traditional cellulose fibres
including cotton and flax.

B Experiments
Material

The BP trees used in our study were
planted in the upland area of Shandong
Province, China. The BP stem was cut
and its bast was ripped, followed by the
fibre extraction procedure.

Fibre extraction

Four methods for BP fibre extraction
were successively employed for both
pretreatments and degumming processes,
illustrated in Figure 1. During the pre-
treatment or degumming process, tradi-
tional heating (water bath) was replaced
by microwave heating in method three
and four. We named the fibres extracted
by the four methods as Fibre B, Fibre C,
Fibre MA and Fibre MP, respectively. In
fact, the alkali-H,O, one bath degum-
ming approach was firstly developed by
our lab [21], and microwave utilisation
has been reported in hemp extraction
[22]. Among all the methods, a series of
experiments were arranged to determine
the final optimum conditions for fibre ex-
traction.

The parameters in each process step were

finally determined as:

Acid pretreatment: H;SO,4 solution
(1 ml/1), temperature 50 °C, liquor ra-
tio 1:15, water bath heating for 60 min.

Enzyme pretreatment: alkaline pecti-
nase as (activity 4000 U/g) the enzyme
and its solution (4 g/1), temperature
50 - 55 °C, liquor ratio 1:15, water
bath heating for 240 min.

Microwave assisted acid pretreatment:
H,SOy4 solution (1 ml/l), temperature
45 °C, liquor ratio 1:15, microwave
reactor (Apex, Shanghai EU Micro-
wave Chemistry Technology, China)
for 15 min at a power of 600 W.

Alkali-H,O, one bath degumming:
NaOH solution (5 g/1), MgSO4-7H,0
solution (0.1 g/l), H,O, solution
(4 g/), ATMP (Amino Trimethylene
Phosphonic Acid) and magnesium
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chloride (MgCly) as the HyO, stabi-
liser (1.2 g/l), temperature 99 °C, lig-
uor ratio 1:15, water bath heating for
150 min.

Microwave assisted alkali-H,O, one
bath degumming: NaOH solution
(5 g/l), MgS0O47H,0 solution (0.1
g/1), H,O, solution (4 g/1), H,O, sta-
biliser (MgCl,) (1.2 g/l), temperature
99 °C, liquor ratio 1:15, microwave
reactor (Apex, Shanghai EU Micro-
wave Chemistry Technology, China)
for 50 min at a power of 600 W. All
the chemical reagents used were of
analytical purity.

Fibre composition

Three major compositions of BP bast
(cellulose, lignin and ash) were deter-
mined. The cellulose content was deter-
mined as Acid Detergent Fibre (ADF) by
the AOAC method 973.18 [23]. Lignin
in the fibres was determined as Klason
lignin based on ASTM method D1106-96,
and the ash content was obtained accord-
ing to ASTM method E1755-01. Five
replications of BP bast were simultane-
ously measured and their average values
defined as standard results.

Initial performance assessment of BP
fibres

Three parameters: the residual gum con-
tent, residual lignin content and tenacity,
were employed to evaluate the primary
quality of the BP fibres obtained, where
the residual gum and residual lignin con-
tents were determined using the process
described in [23], while the fibre tenac-
ity was measured according to Standard
ASTM D 1445-75.

X-ray diffraction (XRD)

The crystal structure of BP bast and all
four fibres (Fibre-B, Fibre-C, Fibre-MA
and Fibre-MP) were measured by pow-
der X-ray diffraction. Powders of the BP
bast and fibre samples were obtained by
firstly grounding the materials in a Wiley
mill and then screening by 60 meshes
prior to pressing into testing specimens.
Then their X-ray diagrams were succes-
sively recorded on a vacuum X-ray cam-
era mounted on a Philips X-ray generator
(Philips PC18kW, the Netherlands) oper-
ated at 20 mA and 30 kV.

The fibre crystallinity C; (%) was calcu-
lated by Equation 1 [24].

C.= S %100, in % (1)
S +S
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Figure 1. Schematic of methods used to extract fibres from BP bast.

where: S, is the area under the crystal-
line peaks and S, the area of amorphous
peaks, respectively.

FTIR spectroscopy (FTIR)

The structural properties of BP bast as
well as all four fibres were analysed by a
Fourier transform infrared (FTIR) spec-
trometer (NEXUS-670, Nicolet Compa-
ny, USA). The samples were all milled to
powder, mixed with analytical grade KBr
and then pressed into a disk for the FTIR
measurements.

Scanning electron microscopy (SEM)

Fibre MP, with the best degumming re-
sults among the fibres obtained, was ob-
served compared with the BP bast. Fresh
BP bast samples were cut into small
cubes, fixed with absolute ethyl alcohol,
and then dried under critical point con-
ditions in a Polaron Critical Point Dryer
operated with liquid CO,. To obtain a
cross-sectional view, Fibre MP was em-
bedded in epoxy resin and then sectioned
using a microtome. Then the samples
were mounted on conductive adhesive
tape and sputter coated with gold pal-
ladium before being observed under a
SEM-6390LV (Jeol., Japan).

Physical properties of BP fibres

Fibre MP was selected as the best fibre to
investigate a series of physical properties
i.e. fibre length, fineness, moisture regain
and breaking tenacity. Before testing, the
samples were conditioned in a standard
atmosphere of 20 °C and relative humid-
ity of 65% for at least 12 hours.

Fibre length: 100 bundle fibres (Fibre-
MP) were chosen and measured by a
comb-type fibre length sorter (Y131,
Ningbo Textile Instrument Company,
China), and then the values were aver-
aged as the mean fibre length.

Fineness and moisture regain: the fi-
bre fineness was tested by the Middle
Weighting Method from ref. [25], and its
moisture regain was determined at stand-
ard conditions as the average of three
measurements.

Tensile properties: tensile tests were per-
formed using an YGO001 Miriam Tensi-
ometer (Shanghai, China) with a preten-
sion of 0.2 cN, gauge length of 10 mm
and crosshead speed of 10 mm/min. The
average tensile strength of 50 single fi-
bres was calculated.

I Results and discussion

Composition of BP bast

The composition of BP bast is listed in
Table 1, in which data for cotton and flax
were from literature [26]. The BP bast
had a high cellulose content similar to
that of flax but lower than that of cotton,

Table 1. Composition of BP bast compared
with cotton and flax.

Composition

(% on dry BP bast | Cotton Flax
weight)
Cellulose 56-75 | 85-90 | 60-81
Lignin 2-4 0.7-16 2-5
Ash 2-4 0.8-20 1.0-15
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FTIR analysis
FTIR spectra of the BP bast and fibres

Table 2. Quality parameter of BP fibers obtained by different methods.

ality parameter Fibre-B Fibre-C Fibre-MA Fibre-MP . . . .

,Qu L4 ' ' . ' (Fibre B, Fibre C, Fibre MA, Fibre MP)
Residual gum content, % 7.25-7.71 6.95-7.34 6.5-6.89 5.77 -6.45 are shown in Fi 3 The absorption
Residual lignin content, % 1.01-0.80 0.82-0.62 0.75-0.60 0.68 - 0.56 K “;420 l‘?fl;e h OH P d
Tenacity, cN/dtex 1.24-1.66 2.11-225 2.13-2.29 2.19-2.39 peaks at cm-" for the OH group an:

as shown in Table 1. On the other hand
the lignin and ash content of BP bast
were both a little bit higher than that of
cotton and flax. Cotton was single cell
fibre and did not need lignin and other
binding materials, whereas the common
bast fibres, including flax, needed some
gum to hold several single cells together
and form bundle fibres [13]. All this evi-
dence indicated that BP bast was a rea-
sonable potential source for extracting
natural cellulose fibre.

Comparison between fibre extraction
methods

Three characteristic parameters (residual
gum content, residual lignin content
and tenacity) of the BP fibres from the
four extraction methods were tested and
listed in Table 2. Notably the rankings of
both residual gum and lignin contents for
the four fibres were: Fibre B > Fibre C
> Fibre MA > Fibre MP, whereas their
tenacity ranking was in the reverse se-
quence: Fibre MP > Fibre MA> Fibre C
> Fibre B. Therefore Fibre MP, extracted
via method four with the microwave-
assisted procedure in both the pretreat-
ment and degumming steps, possessed
most desirable qualities i.e. low residual
gum and residual lignin contents, attrac-
tive appearance and excellent mechani-
cal tenacity. Furthermore it required the
shortest time in both steps: pretreatment
(15 min) and degumming (50 min), com-
pared with the other methods. In other
words, the microwave-assisted proce-

dure was a more rapid and effective
approach, with high efficiency and low
energy consumption in natural cellulose
fibre extraction.

XRD analysis

X-ray diffraction spectra of the BP bast
and four BP fibre samples are shown in
Figure 2. It was seen that all of them
showed diffraction peaks of 20 angles
of 14.9, 16.4, 22.7 & 34.5°, assigned to
the (101), (101), (002) and (040) planes,
indicating that they were of a cellulose
I structure [27, 28]. It was thus demon-
strated that the degumming process had
little influence on the crystalline loca-
tions and interplanar crystal spacing in
the BP bast.

In addition, crystallinity C, values were
calculated by Equation 1 and the C,
values of Fibre-C, Fibre-B, Fibre-MA
and Fibre-MP were 74.82%, 76.71%,
77.07% & 77.25% respectively, be-
ing all greater than that of the BP bast
(C, = 71.03%). Furthermore these BP
fibres exhibited higher crystallinity than
that of cotton (C; = 60%) and flax fibre
(C; =65 - 70%) [13, 29]. The high crys-
tallinity means more crystalline regions
in the cellulose fibres, and more regular
arrangement with fewer pores of the cel-
lulose molecules compared with a fibre
of low crystallinity [30]; therefore BP fi-
bres may possess reasonable mechanical
properties.

Fibre MP
Fibre MP

Fibre MA
Fibre B \

Fibre C

Fibre B BP bast

those at 1432, 1164 & 1058 cm-! in the
fingerprint area, attributed to the cellu-
lose structure, appeared very similar for
all fibre samples and the bast. However,
the FTIR spectrum of the bast showed
certain differences for the fibres obtained.
First the vibration peak at 1735 cm-1, at-
tributed to the CO stretching of methy-
lester and carboxylic acid in the pectin
or the acetyl group in hemicelluloses,
disappeared after degumming [31]. In
other words, the pectin and hemicellu-
loses were largely removed by each of
the degumming processes. Secondly the
absorption band at 2900 cm-! , ascribed
to CH and CH, stretching vibrations in
the BP bast, slightly split into two sepa-
rate peaks corresponding to CH, asym-
metric and symmetric vibrations at 2918
and 2852 cm-!, indicating that the hydro-
gen bonds between these two peaks were
unlocked during the degumming process.
Thirdly the absorption band at 1626 cm-1,
attributed to antisymmetric COO- in the
bast curve, was drastically weakened in
the spectra of the fibres, being an indi-
cation that the degumming methods re-
moved the lignin effectively. In other
words, after the fibre extraction process,
non-cellulose substances, such as hemi-
celluloses, wax, pectin and lignin, in
the bast were all eliminated or reduced,
while the cellulose I structure remained
nearly unchanged.

Therefore the short time of both pretreat-
ment and degumming microwave as-
sisted method four was advantageous and
the resulting Fibre-MP possessed high

Fibre MA
- W

o \ VAN

1735 cm ™"

\

2900 cm’”’ 1626 cm’”’

Figure 2. XRD of BP bast and fibres obtained by the four extraction

methods.
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Figure 3. FTIR spectra of BP bast and fibres from the four extrac-

FIBRES & TEXTILES in Eastem Europe 2014, Vol. 22, 4(106)



qualities overall and was thus selected
as standard BP fibre and compared with
other fibres in this study.

Appearances

Photo images of BP bast (Figure 4.A)
and Fibre-MP (Figure 4.B) from the
microwave-assisted extraction method
(method four) were made for visual in-
spection and evaluation. In Figure 4.4,
after being stretched, the BP bast trans-
formed into a fibrous network with pec-
tin and other binding materials gumming
the fibres to make them stable. From our
results above the cellulose content of BP
bast appears to be very high, and fibres
are clearly shown in straw yellow with a
certain luster. On the other hand, the Fi-
bre-MP samples in Figure 4.B revealed
high quality fibres sufficiently separated,
with a glossy and soft white color, and
were readily processible.

Morphological study

Longitudinal and transversal views of
the BP bast and Fibre-MP are shown in
Figure 5.4 - 5.D, respectively. From the
longitudinal view of the BP bast (Fig-
ure 5.4), the inner parallel fibres were
substantially gummed and fully covered
with a layer of hemicellulose, pectin,
lignin and wax substances, which could
not only help to bind single fibres togeth-
er but also form a certain shield against
damage. After the degumming process,
as shown in Figure 5.B, most of the
non-cellulosic substances in Fibre MP
were removed efficiently and very little
residual pectin was left on the Fibre MP’s
surface. Moreover the surface of the fi-
bre seemed to be rugged, which might
affect its mechanical properties [32].
From its transversal views (Figure 5.C),
like a “honeycombed” structure, the in-
ner single fibres were fixed and confined
in a certain position by the surrounding
layers. In addition, the cross-section of
single fibres were circular or roughly cir-
cular with a central kidney-shaped lumen
as in the cotton fibre. From the fibre ob-
tained in Figure 5.D the shape of single
fibres was rarely deformed and preserved
similar statues to that of the bast. There-
fore the microwave-assisted degumming
process could not only degum the bind-
ing materials efficiently but also retain
the original properties of its internal fi-
bres.

Fibre properties

The fibre length, fineness, moisture re-
gain and tensile properties of Fibre MP
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Figure 5. Longitudinal SEM images: (4) BP bast and (B) BP fibre (Fibre-MP).

were tested and compared with those of
both flax and cotton fibres in Tuble 3,
data for cotton and flax were from litera-
ture [26].

In terms of fibre size, BP fibre owned a
similar length and fineness to those of
flax fibre; therefore the desirable stand-

ard of spinning could be achieved. Also
when tested under the same conditions,
its moisture regain were comparable with
that of cotton. As for the tensile proper-
ties, the breaking strength of Fibre MP
was higher than that of cotton but lower
than that of flax, as further elaborated
in ref. [13]. However, the elongation at

Table 3. Properties of BP fibres (Fibre-MP) compared with flax and cotton.

Fiber properties BP fibre (Fibre-MP) Flax Cotton
Strength, cN/dtex 2.19-2.39 41-55 1.9-35
Elongation, % 1.0-21 1.6-3.3 6.0-9.0
Length, mm 12.5-453 17-25 15-56
Fineness, dtex 1.7-3.2 1.7-3.3 1.5-2.0
Moisture regain, % 6.3-8.7 12-14 6.9-8.2
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break of Fibre MP was the lowest of the
three, likely caused by its high crystal-
linity - 77.25%. In terms of deformation
stiffness or tensile modulus, Fibre MP
was more similar to flax. In conclusion,
BP fibres, especially Fibre MP, could be
considered as an alternative source of
natural cellulose fibres with acceptable
properties.

@ Conclusions

Natural cellulose BP fibres were investi-
gated in this paper for their suitability for
textile applications. Fibres were extract-
ed from BP bast by chemical and micro-
wave assisted methods, and then the mor-
phology of the fibres obtained and the BP
bast were all characterised. In terms of
the extraction method, the microwave-
assisted procedure was recommended
as a highly efficienct and low cost ap-
proach, and the non-cellulose contents
in the BP bast were effectively removed
after the degumming process. The BP fi-
bres were comparable to cotton and flax
in crystallinity and moisture absorption,
with reasonably high tenacity and elon-
gation at break. Also, since the BP plants
were relatively easy to grow, they could
be considered as an alternative source for
natural cellulose fibres.

Acknowledgements

This work was supported by the Natural
Science Foundation of China via grant no.
51273097 & 51306095 and Taishan scholars
construction engineering of Shandong provin-
ce. We would also like to thank the teachers
who provided the test conditions and Dr. Ying
Pan for her helpful advice.

References

1. Fahrney K, Boonnaphol O, Keobou-
lapha B. Indigenous management of
paper mulberry (Broussonetia papyrif-
era) in swidden rice fields and fallows
in northern Laos. In: Paper presented
at the regional workshop on indigenous
strategies for intensification of shifting
cultivation in Southeast Asia. Bogor, In-
donesia, 1997: 23-27.

2. Saito K, et al. Broussonetia papyrifera
(paper mulberry): its growth, yield and
potential as a fallow crop in slash-and-
burn upland rice system of northern
Laos. Agroforestry Systems 2009; 76, 3:
525-532.

3. Huang W, Lei X-C. Utilization of a New
Material-Guangyechu for Pulping Indus-
try. China Pulp & Paper 2005; 11: 39-41.

28

10.

1

12.

13.

14,

15.

16.

17.

18.

19.

Bosu PP, et al. The impact of Brousson-
etia papyrifera (L.) vent. on community
characteristics in the forest and forest—
savannah transition ecosystems of Gha-
na. African Journal of Ecology 2013: 51,
4: 528-535.

Wang S. The potential development
and economic value of new varieties of
trees—Broussonetia papyrifera. Modern
Seed Industry 2006; 6: 35-36.

Nei XZ, Liu SH, Zhang ZF. APSP paper
pulp preparation of Broussonetia pa-
pyrifera. Paper Making of Hubei 2005;
3:2-4.

Wang LJ, Li L, Ma JZ. The viscose fila-
ment and its preparation of Broussone-
tia papyrifera. In: Chinese Patent, 2006.
Sirkar SC, Saha NN. Hydrated cellulose
from jute fibre. Nature 1946; 157: 839.
Gassan J, Bledzki AK. Alkali treatment of
jute fibers: Relationship between struc-
ture and mechanical properties. Journal
of Applied Polymer Science 1999; 71, 4:
623-629.

Wang HM, et al. Removing Pectin and
Lignin During Chemical Processing of
Hemp for Textile Applications. Textile
Research Journal 2003; 73; 8: 664-669.

. Ouajai S, Shanks RA. Solvent and en-

zyme induced recrystallization of me-
chanically degraded hemp cellulose.
Cellulose 2006; 13; 1: 31-44.

Akin DE, et al. Enzyme-retting of flax
and characterization of processed fib-
ers. Journal of Biotechnology 2001; 89,
2-3: 193-2083.

Reddy N, Yang Y. Properties of natural
cellulose fibers from hop stems. Carbo-
hydrate Polymers 2009; 77, 4: 898-902.
Reddy N, Yang Y. Properties and po-
tential applications of natural cellulose
fibers from the bark of cotton stalks.
Bioresource Technology 2009; 100, 14:
3563-3569.

Reddy N, Yang Y. Characterizing natural
cellulose fibers from velvet leaf (Abutilon
theophrasti) stems. Bioresource Tech-
nology 2008; 99, 7: 2449-2454.

Reddy N, Yang Y. Preparation and Char-
acterization of Long Natural Cellulose
Fibers from Wheat Straw. Journal of Ag-
ricultural and Food Chemistry 2007; 55,
21: 8570-8575.

Karunanithy C, Muthukumarappan K.
Optimization of switchgrass and extrud-
er parameters for enzymatic hydrolysis
using response surface methodology.
Industrial Crops and Products 2011; 33,
1: 188-199.

Yang Y, Reddy N. Biothermoplastics
from soyproteins by steaming. Indus-
trial Crops and Products 2012; 36, 1:
116-121.

Jiang G, et al. Structure and properties
of regenerated cellulose fibers from dif-

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

ferent technology processes. Carbohy-
drate Polymers 2012; 87, 3: 2012-2018.
Wang D, et al. The research of hemp as
textile materials. Journal of Textile Re-
search 1989; 10, 5: 4.

Qu L-J, et al. The mechanism and tech-
nology parameters optimization of alkali-
H202 one-bath cooking and bleaching
of hemp. Journal of Applied Polymer
Science 2005; 97, 6: 2279-2285.

Wang HM, Wang X. Hemp processing
with microwave and ultrasonic treat-
ments. Quality Textiles for Quality Life,
Vols 1-4. 2004, Manchester: Textile Inst.
779-782.

Gupta D, Sen K, Sen S. Degumming of
Decorticated Ramie for Textile Purpos-
es. Cellulose Chemistry and Technology
1976; 10: 285-291.

Morton WE, Hearle JWS. Physical prop-
erties of textile fibres (3rd ed.). Man-
chester: Textile Institute, 1993.

Yao M, Zhou JF, Huang SZ. Textile Ma-
terials (3nd ed.). Beijing, China: China
Textile Press, 2003.

Batra SK. Handbook of fiber science
and technology. Other long vegetable
fibers. Vol. 4. 1998, New York: M. Lewin
& E.M. Pearce (Eds.).

Dyer J, Daul GC. Rayon fibers. In: M.
Lewin & E. M. Pearce(Eds.) Handbook
of Fiber Science and Technology: Fiber
chemistry. 1985. p. 774-777.

Majibur Rahman Khan M, et al. Graphiti-
zation behavior of iodine-treated Bom-
byx mori silk fibroin fiber. Journal of Ma-
terials Science 2009; 44; 16: 4235-4240.
Liu D, et al. Composition and struc-
ture study of natural Nelumbo nucifera
fiber. Carbohydrate Polymers 2009; 75,
1: 39-43.

Muller CMO, Laurindo JB, Yamashita F.
Effect of cellulose fibers on the crystallin-
ity and mechanical properties of starch-
based films at different relative humidity
values. Carbohydrate Polymers 2009;
77,2:293-299.

Gierlinger N, et al. In Situ FT-IR Micro-
scopic Study on Enzymatic Treatment of
Poplar Wood Cross-Sections. Biomac-
romolecules 2008; 9, 8: 2194-2201.
Wang X, et al. Microstructure and me-
chanical properties of graphite fiber-
reinforced high-purity aluminum matrix
composite. Journal of Materials Science
2009; 44, 16: p. 4303-4307.

Wang L, Han G, Zhang Y. Compara-
tive study of composition, structure and
properties of Apocynum venetum fibers
under different pretreatments. Carbohy-
drate Polymers, 2007; 69, 2: 391-397.

Received 03.07.2013 Reviewed 12.11.2013

FIBRES & TEXTILES in Eastem Europe 2014, Vol. 22, 4(106)



