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Structural changes of hemp fibres modified with chitosan and BTCA

HUI ZHANG LIMIN ZHANG

REZUMAT - ABSTRACT - INHALTSANGABE

Modificari structurale ale fibrelor de cénepa tratate cu chitosan gi BTCA

Scopul lucrarii il constituie modificarea fibrelor de canepa cu ajutorul acidului butantetracarboxilic (BTCA) si a chitosanului, cu o greutate
moleculara mai mica de 10 000 si un grad de deacetilare de 90%, in vederea imbunatatirii capacitatii de vopsire. Modificarile structurale ale
fibrelor de canepa au fost caracterizate prin intermediul microscopiei electronice de scanare (SEM), spectroscopiei in infrarosu cu
transformare Fourier (FT-IR), termogravimetriei (TG), calorimetriei diferentiale cu scanare (DSC) si difractiei de raze X (XRD). Au fost studiate
atat proprietatile de rezistenta la alungire si la incovoiere, cét si gradul de alb ale materialului textil din cadnepa, inainte si dupa tratare.
Rezultatele au demonstrat ca, in comparatie cu fibra de cdnepd netratatd, rezistenfa termica a fibrei de canepa tratata cu chitosan s-a
imbunatatit, iar procentul masei reziduale a crescut in intervalul de temperaturd 25-550°C. De asemenea, a crescut gradul de cristalizare si,
respectiv, cel de orientare. In cazul tratarii cu chitosan a materialului din canepa, s-a constatat o inrdutatire a rigiditatii si a rezistentei la alungire.

Cuvinte-cheie: fibra de canepa, structura, chitosan, BTCA

Structural changes of hemp fibres modified with chitosan and BTCA

The aim of this paper is to modify the hemp fibre with butanetetracarboxylic acid (BTCA) and chitosan of molecular weight less than 10,000
and degree of deacetylation 90%, to improve the dyeing ability. The structural changes in hemp fibres were characterized by scanning
electron microscopy (SEM), Fourier transform Infrared spectroscopy (FT-IR), thermogravimetry (TG), differential scanning calorimetry (DSC)
and X-ray diffraction (XRD). The tensile and bending properties, as well as whiteness of the hemp fabric were also studied before and after
treatment. The results showed that, compared with the untreated hemp fibre, the thermal stability of chitosan treated hemp fibre was improved,
and the percent residual weights increased in the range of temperature 25-550°C. The degrees of crystallization and orientation increased
for chitosan treated hemp fabric, while the flexural stiffness and tensile properties became worse.

Key-words: hemp fibre, structure, chitosan, BTCA

Strukturelle Modifizierungen der Hanffaser veredelt mit Chitosan und BTCA

Der Zweck dieser Arbeit besteht in der Modifizierung der Hanffaser mit Hilfe der Butantetracarbonsédure (BTCA) und Chitosan mit einem
Molekulargewicht kleiner als 10.000 und einem Deacetylierungsgrad von 90%, im Sinne der Vebesserung der Farbeigenschaften. Die
strukturelle Modifizierungen der Hanffaser wurden charakterisiert mit Hilfe der Elektronenmikroskopie mit Bildaufnahme (SEM), der Infrarot-
Spektroscopie mit Fourrier-Transformation (FT-IR), der Thermogravimetrie (TG), der differentiellen Kalorimetrie mit Bildaufnahme (DSC) und
der X-Strahlendiffraktion (XRD). Es wurden sowohl die Eigenschaften bei Dehnung und Biegung, als auch der Weissgrad des
Hanftextilmaterials, vor und nach der Veredlung untersucht. Die Ergebnisse zeigten, dass sich der thermische Widerstand der Hanffaser
behandelt mit Chitosan im Vergleich zur unbehandelten Hanffaser verbesserte und der Prozent der Restmasse im Temperaturintervall
25-550°C wuchs. Gleichsfalls ist der Kristallisationsgrad gestiegen und entsprechend, der Orientierungsgrad. Im Falle der Behandlung mit
Chitosan wurde eine Verschlechterung der Steifheit- und der Dehnungseigenschaften bemerkt.

Schliisselwérter: Hanffaser, Struktur, Chitosan, BTCA

ith the ever growing concern of ecological and
Wenvironmental sustainable development for tex-
tiles, hemp has recently been undergoing a revival
worldwide as a fast growing natural source of bast
fibres. In Chinese raw hemp bast, there is 57.01%
cellulose, 17.84% hemicellulose, 5.80% pectin, 7.31%
lignin, 1.96% ester wax, 10.08% water-soluble matter
and a small amount of ash in the fibres [1]. Differences
in the chemical composition data may be caused by the
species and the test methods used. Because of the
presence of some non-cellulosic substances in raw
hemp bast, it was difficult for hemp fibre to obtain a
high added-value fabric with comfort and good ap-
pearance [2]. Previous investigations were focused
mainly on understanding the behavior so that to remove
the non-cellulosic substances in the bast fibres [3, 4].
Although the chemical and mechanical processings of
hemp fibres were effective for non-cellulosic substance
removing, the damage done to fibre cellulose could not
be avoided completely.
On the other hand, chitosan has a great potential for a
wide range of uses due to its hydrophilicity, biodegra-
dability, biocompatibility, antimicrobial activity, non-toxi-
city, and versatile chemical and physical properties [5].
It can be used for textile wet processing, including
dyeing, printing, durable press and antistatic finishing
and so on [6-10]. Studies showed that chitosan could
react with cellulose by using a cross-linking reaction
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of the poly-carboxylic acid [11-13]. To the author’s
knowledge, the structure of hemp fibre modified with 1,
2, 3, 4-butanetetracarboxylic acid (BTCA) and chitosan
had been lacking. To maximize the exploitation of hemp
fibre for clothing textile fabrics, a more complete under-
standing of its structure is required. In the present
work, the structural changes in hemp fibres modified
with BTCA and chitosan of molecular weight below
10,000 and degree of deacetylation 90% is described.
The properties of the hemp fabric before and after treat-
ment were also investigated.

EXPERIMENTAL PART

Materials

Bleached 100% hemp fabric (plain weave, the linear
densities of warp and weft are identical, 14 tex, num-
bers of ends and picks are identical, 220 per 10 cm,
the weight per unit area is 182 g/m?), was obtained
from Zhejiang Lihui Dyeing and Finishing Co. Ltd.

The chemicals used in this study are in the analyti-
cal reagent grade and include 1, 2, 3, 4-butanetetra-
carboxylic acid (CgH;,Og), sodium hypophosphite
monohydrate (NaH,PO,H,0), and triethanolamine
(CgH{504N).

The wetting agent JFC was provided by Shijiazhuang
HaiSeng Chemical Co. Ltd. Chitosan with 90% de-
acetylation degree, which was supplied by Qingdao
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Fig. 1. SEM photographs of hemp fibres:
a, b — untreated hemp fibre; ¢ — hemp fibre modified with chitosan and BTCA

Heppe Biotechnology Co. Ltd., was degraded to
further obtain the molecular weight below 10,000, un-
der references 14 and 15.

Hemp fabric treatment

First, 1.8% of degraded chitosan was dissolved in 6%
BTCA solution at room temperature, followed by the
addition of 7% sodium hypophosphite monohydrate
and 0.2% wetting agent, which was mixed to make the
chitosan processing solution.

Second, hemp fabric was impregnated in chitosan pro-
cessing solution at 85°C, for 30 minutes, and a 30:1
liquor ratio; then, it was padded twice to a 100% wet
pickup. The padded fabric was further dried at 95°C,
for 150 seconds, and cured at 140°C, for 60 seconds.
Finally, the sample was washed thoroughly at 80°C, for
10 minutes, neutralized with a sodium hydroxide
concentration of 0.1 M, again cold washed and dried
in air.

Testing methods

Scanning electron microscopy

Dry samples of hemp fibres were mounted, before and
after treatment, on SEM stubs and sputter coated with
platinum before examination in a JSM-6700F field scan-
ning electron microscope. Photographs of the samples
with surface characteristics were taken randomly.

FT-IR spectrometry

The hemp fibre samples were examined in KBr pellets,
obtained by pressing the materials pulverized at 1%
concentration. The FT-IR spectrophotometer was a
Nicolet Nexus 870 model, and the spectra were col-
lected with the aid of the OMNIC software. The wave-
numbers were in the range of 400 cm~! — 4 000 cm™.

TG and DSC analysis

Thermogravimetric analyses were determined on the
samples before and after treatment, using a TGA/
SDTA851e thermal gravimetric and differential scan-
ning calorimetry analysis (TG-DTA) instrument. Per-
centage weight change versus temperature was
evaluated at 10°C/ minute, heating rates with a nitrogen
flush rate of 30 ml/minute, over the range of 25-550°C.
The onset and endset decomposing temperatures and
the percent residual weight were obtained according to
ASTM E474-80. DSC analyses were performed in a
Sapphire apparatus equipped with a DSC 20 cell
purged with nitrogen of 30 ml/minute. The temperature
program was set in the range from 25°C to 550°C, at
a heating rate of 10°C/minute.
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XRD analysis

The X-ray diffraction patterns of hemp fibres were
collected by a Shimadzu diffractometer (Model XRD-
7000S, Cu Ka radiation and graphite filter at 40 kV and
40 mA, A\ = 1.540562 A), before and after treatment, in
the 2 @ ranging from 5° to 40° at a continuous scan
speed of 6.0 degrees/minute. The apparent crystallite
size of the sample was determined using the Scherrer
formula. The degree of crystallinity was calculated
using Jade 5.0 software. The sample degree of orien-
tation was also measured, using the above instrument
(40 kV, 30 mA) in the range of 0-360° at a 60 de-
grees/minute scanning speed, and calculated by (1).

o .

Orientation = 220~ 2% 309 (1)
360°

where:

wi is the full width at half maximum, FWHM (°).

Measurement of fabric tensile properties

Tensile properties of the samples were carried out on

an Instron 5565 electromechanical test system (Instron

Japan Co. Ltd.), according to GB3923-1997. The initial

gauge length was 10 cm and the width was 5 cm. The

testing rate was 100 mm/minute, and the pre-tension

was 4.9 N. Ten samples per treatment set were tested

and the breaking load and tensile strain averaged.

Measurement of fabric bending properties

The flexural rigidities of hemp fabric before and after
treatment were evaluated using the LLY-01B electrical
fabric stiffness tester according to GB/T18318-2001.
The length of the sample was 15 cm and the width
2 cm. The bending angle was set on 45°. Values re-
ported represented the averages of at least five
measurements.

Fabric whiteness testing

Whiteness indices of hemp fabric before and after
treatment were measured using the SBD-1 digital
whiteness meter, according to GB/T9338-1988, taking
the average of five readings.

RESULTS AND DISCUSSION
Fibre surface morphology

The surface of the bleached hemp fibre was relatively
smooth and clean, under the SEM investigation. Fibre
bundles were arranged in the axis of the fibre, onto
whose surface a number of tiny linear grooves were
dispersed (fig. 1a). Besides many small crevices and
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Fig. 2. FT-IR spectra of the samples:
a — untreated hemp fibre; b — unwashed hemp fibre treated with
chitosan and BTCA; ¢ — hemp fibre washed with 0.1 mol NaOH
solution; d - chitosan; e — subtract spectrum of ¢ and a

pores distributed between hemp fibres, some debris
and other non-fibrous impurities could be found, such
as the polypectate, which was not degummed com-
pletely (fig. 1b). After being treated with chitosan, the
fibre surfaces were coated in a layer of substances and
the openings were filled with chitosan. Some white par-
ticles could be seen, which might be the effect of chito-
san absorbed on the fiber surfaces (fig. 1¢).

FT-IR analysis

The spectra of hemp fibres, before and after treat-
ments, were presented in figure 2. The spectrum of chi-
tosan, 90% deacetylation degree, was also given. It
could be seen that, as compared to the untreated hemp
fibre (line a), peaks at 1 718 cm~! and 814 cm™" were
observed for the chitosan-treated but unwashed hemp
fibre (line b), and then disappeared when the sample
was treated with 0.1 M alkali solution (line ¢). Except
the broadening of peak at 3 355 cm~' (N-H stretching),
there was no other significant change. Thus, the sub-
tract of ¢ and a (line e) was analyzed. Compared with
the spectrum of chitosan (line d), two peaks were
formed, due to the separation of band at 3 425 cm™,
and the peak at 1 654 cm™! (amide | band) was
intensified. The peaks at 1 595 cm-1 (amide Il band)
and 1 421 cm™" (CH, bending and CH, deformation)
of chitosan were absent. Instead, the new absorption
bands at 1 558 cm~' and 1 473 cm~' were identified.

The peaks at 2 879 cm™' (CH, asymmetrical stret-
ching), 1379 cm™! (C-H bending and CH,, symmetrical
deformation), 1 323 cm™' (amide Ill band) and 896
cm™" (B-D-glucopyranoside band) shifted to 2 850
cm™', 1 388 cm™', 1 326 cm™! and 898 cm™, res-
pectively. At the same time, the peaks at 1 155 cm™,
1 074 cm™ and 1 031 cm™! were also shifted, which
could be assigned to asymmetrical and symmetric
stretching vibrations of -COO™ anion group. Therefore,
this suggested that the chemical modification induced
in hemp fibres by chitosan treatment was confirmed.

TG and DSC analyses

The effect of chitosan treatment was distinctly observed
in the hemp fibres thermograms run at a heating rate of
10°C/minute, as depicted in figure 3. It was clear from
TG curves (figure 3a) that the weight change could be
divided into two temperature regions, namely: from
219.8°C to 346.3°C, with a weight loss of 73.4%, and
from 385.3°C to 505.4°C, with a weight loss of 90.0%
to initial weight. But for the chitosan treated hemp fibre,
there was only one temperature region, that is: from
215.6°C to 414.8°C, with a weight loss of 79.7%.
Differences in remains left in the crucible at the end of
the TG runs had shown that the substance of treated
fibre was larger than that of the untreated fibre. As the
temperature increased, a gradual degradation oc-
curred, which included de-polymerization, hydrolysis,
dehydration and decarboxylation [16]. These occur-
rences then lead to the decomposition of the fibres. It
was obvious from the DSC curves (figure 3b) that the
small endothermal peaks at 54.2°C, for the untreated
fibre, and 49.8°C, for the chitosan treated fibre, were
attributed to the dehydration of absorbed water. The
maximum endothermal temperature was shifted from
364.3°C to 373.3°C, creating a more thermally stable
fabric when hemp fabric was treated with chitosan and
BTCA. This indicated the decrease in amorphous
cellulose for the chitosan treated hemp fibre [17].

In order to investigate the chemical reaction among
hemp fibre, chitosan, and BTCA, we took hemp fibre,
chitosan, sodium hypophosphite with or without BTCA
in equative mass and then mixed them. The DSC
curves were illustrated in figure 4a. It was obvious that
hemp fibre could not react with chitosan without BTCA.
The endothermal peak at 147.8°C indicated that
the chemical reaction, which catalyzed by sodium
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Fig. 8. TG and DSC curves of hemp fibres: a — TG curve; b — DSC curve
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Fig. 4. DSC curves of hemp fibre, chitosan, BTCA and sodium hypophosphite

hypophosphite, occurred among hemp fibre, chitosan
and BTCA. To further verify the reaction temperature
among hemp fibre, chitosan and BTCA, we mixed
sodium hypophosphite, BTCA and hemp fibre (or
chitosan) following the above method. The DSC curves
were shown in figure 4b. It was evident that BTCA
reacted with chitosan and hemp fibre at the tem-
perature of 147.5°C and, respectively, 149.0°C, which
was very close to the curing temperature 140°C. Com-
bining figure 4a with figure 4b, it was concluded that
the endothermal peaks at 100.8°C (fig. 4a), 79.7°C
and 100.7°C (fig. 4b), were ascribed to the dehydration
of absorbed water. The endothermal peaks at 232.1°C,
228.3°C (fig. 4a) and 228.6°C (fig. 4b), were attributed
to the pyrolysis of sodium hypophosphite. BTCA re-
acted with hemp fibre at the temperature of 103.3°C
(fig. 4a), or 105.2°C (fig. 4b). The exothermal peaks at
313.8°C (fig. 4a), 314.2°C and 285.7°C (fig. 4b) were
caused by the chemical reaction between BTCA and
hemp fibre, BTCA and chitosan, respectively. The small
exothermal peaks at 288.2°C and 319.3°C (fig. 4a),
resulted from the action between hemp fibre and
sodium hypophosphite. Therefore, chitosan was graf-
ted onto hemp fibre through BTCA.

XRD analysis

The hemp fibre diffraction patterns, before and after
treatment, were exhibited in figure 5. Table 1 shows the
corresponding fine structures and the degree of crys-
tallization. The results indicated that cellulose | and II,
crystal forms of hemp fibre before and after treatment,

Tegpatod mmep fitew sib
Sl eunn mnd BTCA

=
2
L
£
L 1 d i i i i i L
8 10 18 20 -] k] k] a0
20, °
Fig. 5. X-ray diffractions of hemp fibres
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did not change. From the XRD pattern of untreated
hemp fibre (degummed and bleached), the four
diffraction peaks at 2 6 =14.50°, 16.10°, 22.21° and
33.81° were characteristic for hemp fibre and corres-
ponding to (101), (002) and (040) reflections, respec-
tively. When hemp fibre was treated with chitosan and
BTCA, the corresponding diffraction peaks 26 and
the inter-planar spacings had no distinct change. The
FWHM increased, but the crystal size decreased.
Calculation of the percentages of the crystalline fraction
showed that the degree of crystallization increased
form 63.3% to 70.8%. The amorphous fractions might
be dissolved after treatment, which resulted in the
increase of ordered fraction.

The hemp fibre orientation patterns, before and after
treatment, were given in figure. 6. Table 2 showed
the corresponding angle, FWHM and orientation. The
results indicated that, when hemp fibres were treated
with chitosan and BTCA, the characteristic peaks
shifted from 384.67° and 119.97° to 38.87° and
131.12°, and the degree of orientation increased from
62.4% to 84.6%.

Tensile properties analyses

The tensile properties of hemp fabric before and after
treatments, as reflected by the breaking load, tensile
strain and initial modulus, were reported in table 3. It
was found that, compared with those in the untreated
hemp sample, drops in breaking load and initial
modulus in both warp and weft directions were 17%
and, respectively, 5.6%. The corresponding reductions
in tensile strain were 14.4% and 1.6%. This was due
to the fact that BTCA present in chitosan processing
solution acted as the hydrolyzation catalyst, which

Table 1
X-RAY DIFFRACTION OF HEMP FIBRES
Characte- Size of
ristic |Interplanar| pwHMm, crystal | Crystalli-
Sample peaks | spacing, 5 grain, | Zzation,
20,° nm nm %
14.50 | 0.6104 1.897 4.221
Untreated 16.10 | 0.5501 1.414 5.694
hemp fibre 2221 | 0.4000 | 1.384| 5.g72| ©°3
33.81 0.2649 1.779 4.670
Hemp fibre 14.60 | 0.6062 1.966 4.072
treated with 15.60 | 0.5676 2.564 3.118| 458
chitosan and 22.19 0.4003 1.487 5.460
BTCA 33.91 0.2641 1.975 4.203

2010, vol. 61, nr. 2




Lislraadmd baep 10 Bt

Fd

>
‘%‘ Treshsd Sy Fite s w il
c chi i man arsd BTCA
[0
= !
i i i i i i
0 5 L= 150 00 =50 X 1]

Angle, ©

Fig. 6. Orientation curves of the samples

catalyzed the hydrolyzation of cellulose and chitosan.
The non-fibrous materials, i.e. lignin, pectin, hemicel-
lulose etc. remaining in the fibre, were probably da-
maged owing to the high curing temperature. The
chemical cross-linkage mostly occurred in the
amorphous region or in the surface of the crystal
region. The interfacial forces between the crystal region
and the amorphous region were changed. Under the
non-homogeneous grafting condition, the distribution of
branched chains was non-uniform and the lengths of
the chains were different from each other [18]. Thus the
movements of the macromolecular chains were
restricted, resulting in the internal stress concentration
phenomenon. Therefore, the tensile properties of the
chitosan treated fabric became worse.

Bending properties analyses

As table 4 shows, changes took place in bending
length, bending rigidity and bending modulus, which
were related to the softness of hemp fabric. It was clear
that, compared to the untreated hemp sample, the
bending rigidity and bending modulus of the chitosan
treated hemp sample increased to some extent. This
was mainly due to the chemical cross-linkage between
hemp fibre, chitosan and BTCA.

Table 2
ORIENTATION OF HEMP FIBRES
Sample Angle, © FWHM, ° Orienojoation,
Untreated hemp fibre Ee67 201008 62.4
119.97 46.944
Hemp fibre treated with 38.87 10.229 84.6
chitosan and BTCA 131.12 17.580 84.6

Table 3

TENSILE PROPERTIES OF THE HEMP FABRIC
Untreated hemp Hemp fibre treated
Test targets fabric with chitosan and BTCA
warp weft warp weft
Breaking load, N| 1008.31 1075.34 836.49 | 1015.06
Tensile strain, % 18.48 23.10 15.81 22.72
Initial modulus, 20.17 21.51 16.73 20.30
Mpa
Table 4

STIFFNESS PROPERTIES OF THE HEMP FABRIC

Bending Bending Bending
length, rigidity, modulus,
Sample cm mgf Cem kgf Cem2

warp weft warp weft warp weft

Untreated hemp | 3.59 | 3.30 [842.48| 654.36 281.32/218.50
fabric
Hemp fibre 3.76 | 3.78 [985.19(1000.99 215.45(218.91

treated with
chitosan and
BTCA

Fabric whiteness analysis

The whiteness of the untreated hemp sample was
about 71.9%. After being treated with chitosan and
BTCA, the whiteness decreased to 65.7%. This was
due to the decomposing of poly-carboxylic acid during
the high temperature curing. When 2.5% of trietha-
nolamine (TEA) was added to the processing solution,
a comparable whiteness (69.2%) to that of the un-
treated fabric was obtained. TEA could swell hemp
fibres further, which facilitated the process solution to
penetrate into hemp fibre.

CONCLUSIONS

In this work, hemp fabric was treated using BTCA and
chitosan of molecular weight below 10,000 and degree
of deacetylation 90%, and then was investigated by
means of SEM, FT-IR, TG, DSC and XRD. The tensile
and stiffness properties, as well as whiteness were also
measured. It was found that, compared to the untreated
hemp fibre, the fibre surfaces were covered with a thin
layer of chitosan. The thermal stability of treated hemp
fibore was changed, and the temperature at the
maximum endothermic peak increased. Hemp fibre
reacted with chitosan by BTCA acting as a bridge. The
size of crystal grain decreased, and the degrees of
crystallization and orientation increased. The tensile and
stiffness properties, as well as whiteness of treated
hemp fabric degraded, but not too much.
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BENEFICIILE INCORPORARII OXIDULUI DE ZINC
iN FIBRA LYOCELL

Compania Smartfiber AG — Rudolstadt/Germania, in
calaborare cu Institutul Thuringian de Cercetare
pentru Textile si Mase Plastice (TITK), au elaborat o
noua fibra scurtd din lyocell, Smartcell Sensitive, cu
oxid de zinc integrat, ce conferd proprietati antibac-
teriene si de reducere a mirosurilor neplacute, fiind
recomandatd pentru asternuturi, stofe de mobila si
covoare, mai ales in cazul persoanelor cu alergii,
neurodermatite sau psoriazis. Cu Smartcell Sensitive,
metabolismul bacteriilor este intrerupt de aga-numitul
.efect oligodinamic”, care reduce dezvoltarea acestora
si producerea mirosurilor neplacute.

Aceasta fibra poate fi vopsita in orice culoare, inclusiv
alb, si utilizata in amestecuri cu lana. Dupa cum subli-
niaza compania, in procesul de producere se foloseste
o materie prima biogena, prietenoasa mediului, 100%
biodegradabild, care conduce la economisirea resur-
selor. Smartcell Sensitive este certificata conform stan-
dardului Eco-Tex 100, ca produs clasa | (produse pen-
tru copii). De altfel, oxidul de zinc pur, farmaceutic,
provenit din zincul metalic utilizat, intruneste cerintele
de puritate ale DAB 10 si alte altor reglementari inter-
nationale privind prepararea produselor farmaceutice.

Smarttextiles and nanotechnology,
martie 2010, p. 10
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FIRE DE NAILON DIN BOABE DE RICIN

Compania franceza Condamin Prodon a dezvoltat o
noud gama de fire de Tnaltd performanta, obtinute din
biopolimeri derivati din plante de ricin. Aceste plante
provin din Africa si Asia — din seminte modificate gene-
tic, cultivate pe terenuri care nu se preteaza agriculturii
i care nu necesita irigarea — si reprezintd o biomasa
regenerabilda 100%.

Noii biopolimeri Greenfil au fost elaborati de Sofila —
societatea-mama a firmei Condamin, in parteneriat cu
compania de produse chimice Arkema, care a furnizat
poliamida Rilsan 11 pentru fabricarea firelor. Acestia au
fost incorporati in tesaturi, care au fost prezentate in
cadrul targului Prémiere Vision 2009. In prezent, noile
materiale sunt disponibile pe piata si se afla in curs de
testare sub marca franceza de tricotaje Dim. Rilsan nu
reprezinta o tehnologie noua, polimerul fiind utilizat in
industria de mase plastice inca din anul 1942. In
domeniul imbracamintei, Rilsan a fost folosit la acce-
soriile de plastic ale acesteia, de exemplu la sutiene. El
este produs din boabe de ricin, avand bune proprietati
termice, fizico-chimice si mecanice. Elementul de nou-
tate consta in faptul ca Rilsan este utilizat, pentru prima
datd, in producerea firelor din nailon la scara in-
dustriala.

Compania ofera fire cu finetea de 22, 44 si 78 dtex,
obtinute prin filare cu jet de aer sau prin torsionare cu
jet de aer, fire de nailon texturate sau laminate cu profil
rotund si cu un luciu deosebit.

Informatii de presa. Condamin Prodon, februarie 2010
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The use of dendrimers to obtain low temperature dyeability
on mohair and Angora fibers

RIZA ATAV ABBAS YURDAKUL

REZUMAT - ABSTRACT - INHALTSANGABE

Utilizarea dendrimerilor pentru optimizarea capacitétii de vopsire a fibrelor de mohair si Angora la temperaturi scazute
Dendrimerii sunt macromolecule cu o arhitecturd 3D regulatd si puternic ramificata. Scopul lucrdrii il constituie imbunatatirea capacitatii de
vopsire a fibrelor de mohair si Angora prin folosirea dendrimerilor si evaluarea posibilitatii de vopsire a acestor fibre la temperaturi scazute.
Potrivit rezultatelor experimentarii, s-a constatat ca fibrele de mohair si Angora, pe care s-a aplicat dendrimerul, pot fi vopsite in culori mai
inchise decat fibrele netratate si, in special, in cazul vopsirii fibrelor de mohair cu coloranti reactivi, s-a constatat faptul ca fibrele pe care s-a
aplicat un dendrimer pot fi vopsite la temperaturi mai mici sau in intervale de timp reduse, fara vreo diminuare a calitatii culorii.

Cuvinte-cheie: dendrimer, mohair, Angora, vopsire

The use of dendrimers to obtain low temperature dyeability on mohair and Angora fibers

Dendrimers are macromolecules with a regular and highly branched three-dimensional architecture. In this study, the aim was to improve the
dyeability of mohair and Angora fibers via dendrimer application and to assess the potential of low temperature dyeability of these fibers.
According to the experimental results, it was found that dendrimer applied mohair and Angora fibers could be dyed darker than the un-treated
fibers and, especially in dyeing mohair fibers with reactive dyes, it was determined that it is possible to dye dendrimer applied fibers at lower
temperatures or shorter times, without causing any decrease in color yield.

Key-words: dendrimer, mohair, Angora, dyeing

Die Anwendung der Dendrimere fiir die Kapazitatsoptimierung der Mohair
und Angora- Faserfarbung bei niedrigen Temperaturen

Die Dendrimere sind Makromolekiile mit einer regelmédssigen und einer stark verzweigter 3D-Architektur. Der Zweck dieser Arbeit besteht in
der Verbesserung der Farbungskapazitdt der Mohair- und Angorafaser durch die Benutzung der Dendrimere und die Bewertung der
Méoglichkeiten der Farbung dieser Fasern bei niedrigen Temperaturen. Geméss den Ergebnissen der Versuche wurde ermittelt, dass die
Mohair- und Angorafasern mit einer dunkleren Farbe als die unbehandelten Faser gefdrbt werden kénnen und insbesondere im Falle der
Farbung von Mohairfaser mit Reaktivfarbstoffen, die Faser, welche mit Dendrimere behandelt wurden, bei niedrigeren Temperaturen oder in

reduzierten Zeitintervalen gefédrbt werden kénnen, ohne eine Verminderung der Farbqualitét.

Schlisselwérter: Dendrimer, Mohair, Angora, Farbung

Most synthetic and naturally occurring macromole-
cules have a simple linear structure. Over the last
20 years, polymer chemistry has created a number of
non-linear variations on this simple polymer structure.
The introduction of a large number of branches during
the polymer’s synthesis leads to a macromolecule with
many end groups [1]. Dendrimers consist of three
major components: core, branches, and end-groups
[2]. Many of the dendrimer chemical and physical
properties, such as state of aggregation, reactivity,
stability and solubility are closely related to the nature of
the end groups. Thus, it is possible to tailor the den-
drimer’s properties by appropriate chemical modifi-
cation of the end groups. Between the dendrimer’s
branches, there is room for guest molecules. Guests
can be, for example, simple solvents, but it is possible
for the dendrimer to take up larger species as well. The
nature of the host-guest interaction is varied. lonic
(acid/base), donor-acceptor, Van der Waals and hydro-
gen bonding interactions are known. The large-scale
availability of dendritic macromolecules has opened the
road towards a broad scale of new applications, both
with scientific and industrial relevance [1].

Burkinshaw et al. (2000) have treated the cotton with
a derivative of Am  decanamideg, an example of the
Astramol™ (DSM) range of dendrimers. On this line,
the aim of the study is to determine the effect of
dendrimers on cotton dyeability with reactive dyes.
Fabrics, which were both treated with dendrimers, and
un-treated, were dyed in the presence and absence of
electrolyte and alkali at different pH. The cotton fabric
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that had been pretreated with a dendrimer displayed
markedly enhanced color strength with reactive dyes,
even when dyeing had been carried out in the absence
of both electrolyte and alkali [3].

Burkinshaw et al (2002) have demonstrated that the
incorporation of hyper-branched polymer into polypro-
pylene, prior to fiber spinning, markedly enhances the
dyeability of polypropylene with C.I. Disperse Blue 56.
The observed enhancement of dye-uptake was attri-
buted to the introduction of polar groups provided by
the stearate-modified hyper-branched polymer [4].
Yiyun and Jiepin (2005) have synthesized polyamido-
amine dendrimers from ethylendiamine and methyl acry-
late and demonstrated their effectiveness in decolori-
zing wastewater containing Acid Fuchsin and Methyl
Blue. The effect of variables, such as initial pH, quantity
and generation of dendrimer, have been investigated.
The experimental results show that, under suitable
conditions, polyamidoamine dendrimers can be highly
effective as de-colorants [5].

In this study, the aim was to improve the dyeability of
mohair and Angora fibers via dendrimer application,
according to its determination, and assess the potential
for low temperature dyeability of these fibers.

MATERIAL AND METHOD

In these experiments, mohair fibers (Angora goat) —
fineness 31.47 micron, and Angora fibers — fineness
16.82 micron were used. All the experiments were
carried out by using soft mill water. For this study, a
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Fig. 1. Dyeing procedure

commercial dendrimer product was used. It is a catio-
nic hyper-branched self-orientation of a star-shaped
branched polymer (so-called dendrimer).

For treatment optimization of dendrimer application,
fibers were treated at different pH, concentrations,
times and temperatures. The pH was adjusted to 4.7
and 9, and the concentration was set at 2% and 5%.
During these experiments, time was 30 minute, and
temperature 50°C. The dendrimer application treat-
ment time was also set at 30, 45 and 60 minutes.
During these experiments, pH was 4 and concentration
was 2%. After the optimization of the pH, concentration
and time, the effect of temperature (50-70-90°C) was
studied at pH 4, concentration 2% and time 30 mi-
nutes. After dendrimer applications, the samples were
dyed with reactive dye (Realan Blue RC), in 1% depth,
at 80°C (figures 2 and 3), to determine the effect of
dendrimer application on mohair and Angora fibers dye
exhaustion. Color yield values — K/S - of samples dyed
were measured by Minolta 3600d spectral photometer
(D65/10°). After determining the optimal dendrimer ap-
plication conditions for fiber dyeability increase, Fourier
Transform Infrared spectroscopy (FTIR) measurement
of the fibers treated with dendrimers at optimum condi-
tions was carried out with a Perkin Emler Spectrum
100, in order to observe the changes in the functional
groups of the fiber.

After determining the optimum dendrimer application
condition for fiber dyeability increase, dyeing properties
were tested for dendrimer-applied mohair and Angora
fibers, at various dye classes and different tempe-
ratures.

Dyeing procedures

Dyeing procedures were carried out in 1:30 liquor ratio,
in a 3% dyeing depth, according to the graph given in
figure 1. For milling acid dye (Telon Blue M-RLW) and
1:2 metal complex dye (Isolan Dark Blue 2S-GL),
dyeing pH has been chosen as 6 (with CH;COOH).
For the reactive dye (Realan Blue RC), dyeing pH has
been chosen as 5 (with CH;COOH). In order to
prevent affecting the dyeing properties of fibers, the
usage of auxiliaries (equalizing agent etc.) or salts has
been avoided. As can be seen from figure 1, dyeings
were carried out at three different temperatures (100,
90 and 80°C), where the total dyeing time was con-
stant (90 minute). Furthermore, at 100°C, dyeing time
was chosen as 15 and 45 minute. After dyeing, the
liquor was cooled down and the fibers were taken out.
Then, samples dyed were rinsed with cold (5 minutes)
— warm (5 minutes at 50°C) — cold (5 minutes) water,
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Fig. 2. Effect of dendrimer application pH and concentration
(80 minute at 50°C) on the color yield of mohair fibers during dyeing
with 1 % Realan Blue RC

respectively, and dried. All experiments were carried
out in Termal HT type dyeing machine.

Color yield, K/S, and CIELab values of samples dyed
were measured with Minolta 3600d spectral photo-
meter (D65/10°). Washing fastness tests were also
carried out according to the ISO 105 C06 standard.

RESULTS AND DISCUSSION
Treatment optimization for dendrimer application

The results of experiments carried out to determine the
pH and concentration effect during dendrimer appli-
cation are given in figures 2 and 3.

As can be seen in figures 2 and 3, the color yield of
dendrimer applied mohair and Angora fibers decreased
with the pH rise. It means that dendrimer application
efficiency decreases in the neutral and basic pH, when
compared to the acidic pH. According to these results,
it can be concluded that, for dendrimer application, the
optimal pH is 4. When the effect of dendrimer con-
centration is examined, it can be said that this is not
very significant, reason for which it can be chosen as
2%. However, it is not recommended to use it at lower
concentrations, because level distribution of dendri-
mers on the fiber surface cannot be obtained.

2% Demdramer applicd

|in-tresied

5% Dendnmer applicd

T
i

E

Pt

Color vield, K/'S

nH 7 oH 9
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Fig. 3. Effect of dendrimer application pH and concentration
(80 minute at 50°C) on the color yield of Angora fibers during dyeing
with 1% Realan Blue RC
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Fig. 5. Color yield values of Angora fibers un-treated and dendrimer applied (at optimum conditions)

Furthermore, the effect of time (30-45-60 minutes) and
temperature (50-70-90°C) was also searched, but it
was determined that these parameters did not have a
significant effect, and optimum conditions were deter-
mined as 30 minutes and 50°C.

To demonstrate the changes in the functional groups of
mohair and Angora fibers, surface FTIR spectroscopy
was used, because significant changes in the chemical
composition of fibers were expected. The band at
3270-3 290 cm~' was attributed to the —~OH stretching
vibrations. Dendrimer applied mohair and Angora fibers
showed a reduction and shifting of the peak positi-
on in —OH stretching absorbance. Bands for amide |
(1 620-1 640 cm™'), amide Il (1 510-1 530 cm™") and
amide lll (1 230-1 240 cm™") were also noticed in the
spectrum. However, after dendrimer application, the
transmittance values of these bands increased and
showed a shifting of the peak position. Furthermore,
band for the C-H single bond (2 910-2 930 cm™') of
dendrimer applied mohair and Angora fibers also
showed a reduction and shifting of the peak position.
These results represent the reason of a significant
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improvement in the dyeability of the dendrimer-applied
fibers.

Effect of the dendrimer application on the dyeability
of fibers with various dye classes

Color yields of dendrimer applied at optimum condi-
tions and of the un-treated fibers, which were dyed at
various temperatures and times, are given in figure 4-5.
In the figures, it can be seen that dendrimer applied
fibers dyed darker than the un-treated fibers and that,
as determined, especially in dyeing mohair fibers with
reactive dyes, it is possible to dye dendrimer-applied
fibers at lower temperatures or shorter times, without
causing any decrease in the color yield.

The affectivity of dendrimer added in improving the
dyeing process can be explained in terms of pH be-
havior of the constituent amine groups. At acidic pH,
the amine groups of the dendrimer are protonated. The
ensuing local high positive charge density should act as
a primary point of the attraction for the anionic dye
molecules, such as the acid, 1:2 metal complex and
reactive dyes [3].
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Table 1

CIELAB VALUES OF MOHAIR FIBERS UN-TREATED AND DENDRIMER APPLIED (AT OPTIMUM CONDITIONS)
Dye Total dyeing time L a b @ H
100°C — 90 min. 34.89 1.41 —36.96 36.98 272.18
100°C — 60 min. 39.44 -1.81 -32.49 32.54 266.81
Telon Blue 100°C — 60 min./Dendrimer applied 33.20 2.61 -37.10 37.19 274.03
M-RLW 90°C — 90 min. 40.17 -0.40 -35.74 35.74 269.36
90°C — 90 min./Dendrimer applied 36.78 2.68 -39.92 40.01 273.85
80°C — 90 min. 41.16 -3.06 -30.36 30.51 264.25
80°C - 90 min./Dendrimer applied 36.99 0.25 —34.55 34.55 270.42
100°C — 90 min. 28.67 -1.51 -13.30 13.39 263.51
100°C - 60 min. 36.46 -2.71 —-13.02 13.29 258.24
Isolan Dark | 100°C — 60 min./Dendrimer applied 31.84 -1.99 -12.74 12.90 261.14
Blue 2S-GL | 90°C - 90 min. 34.96 -2.31 -12.85 13.05 259.80
90°C - 90 min./Dendrimer applied 30.46 -1.64 -13.03 13.22 262.82
80°C — 90 min. 36.89 -1.94 -11.63 1.79 260.52
80°C - 90 min./Dendrimer applied 35.78 -2.64 -12.12 12.40 257.71
100°C — 90 min. 32.86 -0.93 -31.17 31.18 268.29
100°C — 60 min. 36.97 -2.05 —29.59 29.68 266.03
Realan 100°C — 60 min./Dendrimer applied 31.62 0.04 -31.71 31.71 270.07
Blue RC 90°C — 90 min. 35.20 -1.83 -31.12 31.17 266.63
90°C — 90 min./Dendrimer applied 33.27 0.01 -31.18 31.18 270.02
80°C — 90 min. 39.09 —-2.85 —28.45 28.59 264.29
80°C — 90 min./Dendrimer applied 33.85 -0.61 -32.46 32.47 268.92
Table 2
CIELAB VALUES OF ANGORA FIBERS UN-TREATED AND DENDRIMER APPLIED (AT OPTIMUM CONDITIONS)
Dye Total dyeing time L a b c H
100°C - 90 min. 42.68 3.23 —44.71 44.83 274.13
100°C — 60 min. 48.05 0.60 —40.63 40.64 270.85
Telon Blue | 100°C - 60 min./Dendrimer applied 44.98 2.12 —-43.80 43.58 272.77
M-RLW 90°C — 90 min. 45.41 1.60 —42.65 42.68 272.15
90°C — 90 min./Dendrimer applied 43.49 2.98 -44.14 44.24 273.87
80°C — 90 min. 48.37 -0.11 -39.17 39.17 269.84
80°C — 90 min./Dendrimer applied 45.90 2.40 —43.40 43.47 273.16
100°C — 90 min. 33.06 -0.38 -16.19 16.20 268.64
100°C — 60 min. 49.53 -1.25 -12.71 12.77 264.38
Isolan Dark | 100°C — 60 min./Dendrimer applied 41.76 -1.39 -15.36 15.43 264.85
Blue 2S-GL | 90°C - 90 min. 49.25 -1.30 -14.57 14.63 264.89
90°C - 90 min./Dendrimer applied 42.87 —-1.47 -16.79 16.85 265.00
80°C — 90 min. 50.45 -1.57 -13.59 13.68 263.39
80°C - 90 min./Dendrimer applied 45.86 -1.65 -15.39 15.48 263.90
100°C — 90 min. 38.00 -0.87 -39.40 39.41 268.74
100°C — 60 min. 48.64 —4.49 -33.97 34.27 262.47
Realan 100°C — 60 min./Dendrimer applied 41.88 -2.36 -37.75 37.82 266.43
Blue RC 90°C - 90 min. 46.37 -3.71 -36.20 36.39 264.16
90°C - 90 min./Dendrimer applied 40.38 -1.49 —38.56 38.58 267.79
80°C — 90 min. 50.99 —4.29 -34.16 34.43 262.85
80°C — 90 min./Dendrimer applied 43.89 -2.98 -36.13 36.26 265.28
Table 3

(AT OPTIMUM CONDITIONS) DYED WITH REACTIVE DYE

WASHING FASTNESS TEST RESULTS OF MOHAIR AND ANGORA FIBERS UN-TREATED AND DENDRIMER APPLIED

] N | Washing fastness
ge g !0 time WO | PAC | PES | PA | cO | ca
100°C — 90 min. 5 5 5 5 4-5 5
Mohair 100°C — 60 min./Dendrimer applied 5 5 5 5 4-5 5
90°C — 90 min./Dendrimer applied 5 5 ) 5 4-5 5
Realan 80°C — 90 min./Dendrimer applied 5 5 ) ) 4-5 5
Blue RC 100°C — 90 min. D) 5 5 D) 4-5 D)
Angora 100°C — 60 min./Dendrimer applied 5 5 5 5 4-5 5
90°C — 90 min./Dendrimer applied 5 5 5 5 4-5 5
80°C — 90 min./Dendrimer applied 5 5 ) ) 4-5 5
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Furthermore, taking into consideration that dyeing pH is
5, there should be some un-protonated amine groups
and they can serve as highly reactive nucleophilic sites
for the reactive dyes.

CIELab values of fibers dyed (untreated and dendrimer
applied) are illustrated in table 1 and 2. When table 1
and 2 are examined, it is seen that, generally, the
differences in a* and b* values of the color obtained in
the un-treated and dendrimer applied fibers are smaller.
If L values are examined, it can be seen that these are
higher for the un-treated fibers. L value is the lightness-
darkness value and its increase shows that the color
gets lighter. From this perspective, the results obtai-
ned are parallel with the K/S values. When table 3 is

examined, it can be seen that there is no negative effect
of dendrimers on the washing fastnesses.

CONCLUSION

In this investigation, dendrimer is suggested for im-
proving mohair and Angora fibers dyeability. According
to the experimental results, it can be concluded that,
dendrimer application will increase the dye-uptake of
mohair and Angora fibers and will give chance to carry
out low temperature dyeings, especially for mohair
fibers dyeing with reactive dyes.
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INDUSTRIA TEXTILA IN LUME

COVOR MULTISTRATIFICAT PURE MOSS

Compania Bayer MaterialScience, in colaborare cu
Kymo GmbH, din Karlsruhe — Germania, a creat o noua
inovatie in domeniul materialelor de acoperire a par-
doselii, si anume un covor vascoelastic, din spuma poli-
uretanica si un material textil special, ce ofera senzatia
mersului pe un muschi moale.

Datorita designului inovator, avangardist, Kymo a de-
venit unul dintre producatorii de top ai acoperitoarelor
de pardoseli destinate locuintelor, sau spatiilor publice
si comerciale.

Kymo a prezentat primul covor vascoelastic, Pure
Moss, la Salonul produselor destinate amenajarilor inte-
rioare, IMM Cologne. Noul concept se bazeaza pe o
structura multistratificata: un strat superior din tricot
bielastic, cu texturd moale de plus inalt, care face ca
structura spumei sa cedeze numai sub presiunea talpii,
nu si in zonele adiacente; un strat poliuretanic vasco-
elastic, care — fiind foarte moale — permite cufundarea
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piciorului, iar, sub el, o spuma din material poliuretanic
reciclat, care opreste compresia la o adancime spe-
cifica, prevenind comprimarea totala a intregii structurii
si un strat inferior dintr-un material subtire de conso-
lidare, ce confera stabilitate intregii structuri si rezis-
tenta la rupere.
Principiul modular permite controlul asupra unor pro-
prietai mecanice ale straturilor poliuretanice, precum
modulul de duritate-elasticitate. Proprietatile vascoelas-
tice ale noului covor ofera un nivel ridicat de confort si
reduc tensiunea exercitatd asupra incheieturilor si mem-
brelor, facandu-le adecvate diverselor aplicatii: articole
pentru sport, casa, spatii de lucru publice si comer-
ciale, dar si spatii destinate copiilor mici i varstnicilor,
fizioterapie etc. In plus, continutul mare de spuma po-
liuretanica ofera covoarelor excelente proprietati ter-
moizolatoare, atenueaza impactul si, in consecinta, pro-
pagarea zgomotului.
Smarttextiles and nanotechnology,
martie 2010, p. 10
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Net curtain fabrics offering electromagnetic shielding

HUSEYIN GAZI ORTLEK

REZUMAT - ABSTRACT - INHALTSANGABE

Materiale de ecranare tip retea ce ofera protectie electromagnetica

Lucrarea prezinta un studiu preliminar al dezvoltarii unui material de ecranare tip refea, destinat prevenirii emanatiei de informatii secrete prin
emisia nedorita de energie electromagnetica radiata de surse interne ale unor edificii speciale, cum sunt cele militare, guvernamentale,
bancare etc. Rezultatele experimentale indica faptul ca performanta materialelor de ecranare tip retea privind EMSE poate fi imbunatatita prin
combinarea structurii hibride a firului cu valoarea si caracteristicile parametrilor firelor metalice.

Cuvinte-cheie: protectie electromagnetica, refea metalica, fire hibride, material de ecranare tip refea

Net curtain fabrics offering electromagnetic shielding

This paper presents a preliminary study for the development of the net curtain fabric meant to prevent the emanation of secret information
from the unwanted emission of electromagnetic energy radiated by internal sources of some special buildings such as military, government,
banks, etc. The experimental results indicate that the EMSE performance of net curtain fabrics could be tailored by a combination of hybrid
yarn structure, the amount and the characteristics of metal wire parameters.

Key-words: electromagnetic shielding, metal grid, hybrid yarns, net curtain fabric

Netzabschirmunsmaterialien fir den elektromagnetischen Schutz

Die Arbeit stellt eine Vorstudie vor, der Entwicklung eines Netzabschirmungsmateriales fiir den Schutz der Emanation von
Geheiminformationen durch die unerwiinschte elektromagnetische Energiestrahlung aus internen Quellen spezieller Gebéude, wie die
Militarischen Gebédude, Regierungsgebtiude, Bankgebdude usw. Die experimentellen Ergebnisse zeigen die Tatsache, dass die Leistung der
Netzabschirmungsmaterialien betreff EMSE verbessert werden kénnen durch die Kombinierung der hybriden Struktur des Garnes mit der

Summe und die Eigenschaften der Parameter der Metallgarne.

Schlisselworter: elektromagnetischen Schutz, metallisches Netz, Hybridgarne, Netzabschirmungsmaterialien

he usage of electrical and electronic equipments

has grown rapidly with the development of science
and technology. Many devices used in our daily life,
such as cell phones, computers, microwave ovens,
televisions, printers, modems working with different
frequency and different power produce electromag-
netic (EM) fields. The EM fields have led to important
problems such as electromagnetic interference (EMI)
of electronic devices and health issues. In the future,
it is likely to become more severe with the develop-
ment of information technology as well as electronic
devices [1-3].
EM energy is the only form of energy that can be used
effectively to transmit signals over long distances, in
free space, under controlled conditions. Even though
most of the transmissions are achieved under control-
led conditions, the transmitted energy that may create
an interference phenomenon affects the performance of
many electronic devices. The most common type of
EMI occurs in the radio frequency (RF) range of the EM
spectrum, from 10% to 102 Hz. The EMI problem is
becoming more critical, due to the smaller size and
faster operating speeds of electronic devices, which
make it more difficult to manage the EM pollution they
create. Increased device frequencies cause propor-
tionally decreased wavelengths that can pass through
very small holes and slits of equipment cabinets. Con-
sequently, regulations on the EM wave emission
of electronic products are getting stricter around the
world [4].
Furthermore, when a high frequency electromagnetic
wave gets into an organism, it vibrates molecules to
give out heat [5]. The network of veins within high-risk
organs, such as eyes, could be weakened because this
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heat cannot be easily dissipated [6]. Moreover, it brings
on abnormal chemical activities to produce cancer cells
and increases the possibility of leukemia and other
cancers [5]. There is an ongoing controversy world-
wide about the potential health hazards associated with
the exposure to electromagnetic fields [4]. Believing
that prevention is better than cure, a great deal of effort
is needed for the development of electromagnetic
shielding materials.

Traditionally, shielding techniques are based on the use
of stiff metallic materials with well-known electromag-
netic properties [7]. Shields made of metal are expen-
sive, heavy and not always convenient or sometimes
even entirely unsuitable for application. Some special
textiles, which are integrated with metallic materials,
can be used as a shielding material. One advantage of
shields made of textiles is their lightness and consi-
derably lower cost, in comparison with shields made of
metal sheets or wire mesh [8].

The development of textiles that have electromagnetic
shielding properties originated in the military industry
and moved gradually to civilian industries [5].

In recent years, a number of investigations have been
carried out on electromagnetic wave resistant textiles.
Roh, J. S. et al. [5] and Su, C. |. & Chern, J. T. [6] stu-
died the EMSE of fabrics that have different construc-
tions and are made of several kinds of composite yarns.
Lai, K. et al. [8] examined the electromagnetic shielding
effectiveness, using metal coating films and a vacuum
evaporation deposition technique, with the woven fa-
brics made of metal/polyester (PET) filaments. Ko-
prowska et al. [7] and Aniolczyk et al. [8] examined new
shielding nonwoven textiles that were produced by
electrically conductive fibers, Nitril-Static®.
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Fig. 1. Core-siro spun spinning mechanism

Cheng, K. B. et al. [9, 10] have studied the production
methods of woven and knitted fabrics meant for
electromagnetic shielding applications; their methods
include the production of different kinds of blended
yarns containing stainless steel (SS) and PET staple
fibers. In another paper, Cheng, K. B. et al. [11]
showed a fabrication method for conductive fabrics,
which knitted from stiff copper wires and glass fibers,
in an uncommingled yarn form, reinforced polypro-
pylene for electromagnetic shielding. Kim, T. and
Chung, D. D. L. [12] compared mats and fabrics made
of bare carbon fibers, metal-coated carbon fibers and
metal-coated polymer fibers.

Today’s information theft is a serious threat to go-
vernment security and high profile business. Electronic
equipments used in office, such as wireless networks,
laptops, cellular phones, computer monitors and key-
boards release electromagnetic fields that are inter-
cepted and decoded by high-tech criminals. The pri-
mary objective of this research work is to develop a net
curtain fabric to strengthen the weak points of some
special buildings in order to prevent the emanation of
secret information from the unwanted emission of
electromagnetic energy radiated by internal sources.

MATERIALS AND METHODS

Hybrid yarns used in the construction of curtain fabrics
were produced with commercially available metal wires,
PET staple fibers and PET filaments. AISI 316 L type
SS wire, 0.035 mm in diameter (70 denier), and silver

Fig. 2. Longitudinal views of hybrid yarns at the magnification
of 45 X

plated copper wire (Cu/Ag) of 0.059 mm (173 denier)
were used as conductive part of hybrid yarns. The SS
wire has a 8.0 kg/dm® density and 785 Q/m DC
resistance, whereas the Cu/Ag wire has a density of
8.9 kg/dm® and a DC resistance of 3.72 Q/m. The
codes, composition and characteristics of the hybrid
yarns are listed in table 1. Hybrid yarns coded A and C
are produced by the hollow spindle covering technique,
whereas hybrid yarns coded B are produced by core-
siro spun spinning technique.

The production system of hybrid yarns coded B is
illustrated in figure 1. Two polyester rovings of 4086
denier linear density were adapted as cover materials,
whereas 70 denier SS wire was used as core material.
The longitudinal views of hybrid yarns coded A, B and,
respectively, C are given in figure 2.

Since, Su, C. |. and Chern, J. T. stated in their study
that 1/1 plain weave fabric type shows the optimum
EMSE, the net curtain fabric samples were produced in
a 1/1 plain weave, on an automatic rapier weaving
machine. All fabric samples had 32 ends/cm warp and
22 picks/cm weft densities. Hybrid yarns coded A were
used as warp yarns for all samples. For the sake of
simplicity, fabric samples were classified according to
the following general form: first letter stands for warp
yarn type and second letter stands for weft yarn type.
For example when producing fabric sample coded AC,

Core-siro
spun yarn

Covered
yarn

1 wrEren
;_ |
Shkkdifg 120m Amaresstar | == =o0 | Alienusie
AT S RS 9 e _3dB
] | 3 | | 3]
: 4| )
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RF Absorber P LT
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Artenna < Artenea Ampihier

Fig. 8. The fabric samples coded AB at the magnification of 25 X
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Fig. 5. Test area in the shielding room

the hybrid yarn coded A was used as warp yarn, whe-

reas hybrid yarn coded C was used as weft yarn.
During the weaving process, it was observed that the

cover part of hybrid warp yarns was scraped, when the
reed was pushed to the weft. To solve this problem,
two warp yarns were passed into the same teeth on the
reed, as can be seen in figure 3.

The EMSE of the fabric samples was measured ac-
cording to IEEE Standard 299-1997 [13]. A schematic
diagram of the test setup is shown in figure 4. The
electromagnetic frequency range, comprising the lower
frequency limit of electromagnetic radiated emissions,
can be swept from 0.030 GHz to 2.5 GHz.

The opening on the wall of the shielding room is in the
shape of a 60 cm square (fig. 5). Measurements were
performed by using the horizontal polarization of
antennas. For different frequency ranges, the different
antennas, such as bi-conical, log-periodic and horn,
were used.

The definition of shielding effectiveness is as follows:
EMSE [dB] = 20 log (E,/ E,), where the value of the
electric field component E, is measured without the
fabric samples, whilst E, is measured with the fabric
samples at the opening on the shielding room.

RESULTS AND DISCUSSION

The EMSE values of the fabric samples with the
incident frequency ranging from 30 MHz to 2.5 GHz are
given in figure 6 ,7 and 8. All kinds of fabric samples
were obviously frequency dependent and showed a
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Fig. 6. EMSE values of sample AA

similar trend. The overall EMSE of fabric samples ini-
tially increases as the frequency increases, and then
declines. We have emphasized on the graphics the
40 dB lines, since many practical EMI problems related
with the unwanted emissions can be solved by an
EMSE value of 40 dB.

As it can be seen in figure 6, the EMSE values of
the AA fabric are above 40 dB, from 68.6 MHz to
1.88 GHz. The EMSE value of the AA fabric reached
70.65 dB at 266 MHz. The EMSE values of the AB
fabric were found above 40 dB from 46.5 MHz to
2.25 GHz, as seen in figure 7. The maximum EMSE
value of AB fabric was found 70.08 dB at 307 MHz.
The frequency range of the AB fabric samples, in which
the EMSE is higher than 40 dB, is wider than that of the
AA fabric samples. This result is attributed to the fact
that AB fabric has a larger amount of SS wire than the
AA fabric.

The fabric AC displays an EMSE above 40 dB from
54.12 MHz to 2.41 GHz, even though the EMSE de-
creases to 38.05 dB between 62.50 MHz and 67.35
MHz (fig. 8). The maximum EMSE value of the AC

fabric was found 72.1 dB at 370 MHz.
The AC fabric shows higher EMSE properties than

other fabric samples, in respect to the range of fre-
quency in which the EMSE value of fabrics exceeds
40 dB. This result is due mainly to the type and the
highest rate of metal wire used for the production of AC
fabric samples (table 1).
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Fig. 7. EMSE values of sample AB
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Table 1
CHARACTERISTICS OF THE HYBRID YARNS
Composi- Linear
s Yo PET Metal | SUSSHE density,
code type wire % denier
A | Covered 150d48f SS PET: SS 240
yarn continuous (63-37)
filament
B | Core-siro | 1.44 denier SS PET: SS 220
spun yarn | 38 mm staple (60-40)
fiber
C | Covered 150d48f Cu/Ag PET: 343
yarn continuous Cu/Ag
filament (44-56)

Although all the fabric samples have the same weft and
warp densities, the grid openness of the AC fabric is
lower than that of other fabric samples, since the linear
density of Cu/Ag, used for the production of hybrid
yarns coded C, is higher than that of the SS wire. Roh
et al. stated that the longer openings caused the overall
shielding effectiveness to drop, for the fabrics with the
same warp openings [3]. The lower grid openness of
the AC fabrics is also one of the reasons for the higher
EMSE properties of the AC fabrics.

CONCLUSIONS

In this study, we have developed three types of net
curtain fabrics offering EMSE properties. It has been
shown that the EMSE performance of the fabric can be
tailored in a number of ways, such as grid openness,
varying hybrid yarn structure and metal content.

Net curtain fabrics developed can be used to
strengthen the walls and windows, in order to prevent
the emission of electromagnetic energy containing se-
cret information, in respect to the counter-intelligence.
These net curtain fabrics can also be used in our house
and office buildings for protection against electromag-
netic radiation from the base stations of cellular phones,
TV and radio broadcasting antennas, wireless net-
work etc.
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Characterization on pore size of honeycomb-patterned micro-porous
PET fibers using image processing techniques

FAMING WANG SHANYUAN WANG

REZUMAT - ABSTRACT - INHALTSANGABE

Caracterizarea marimii porilor la fibrele PET microporoase cu structura tip fagure,
prin utilizarea tehnicilor de prelucrare a imaginii
Lucrarea prezintd o metoda de caracterizare a structurii porilor de suprafata ai fibrelor PET cu structura tip fagure, prin utilizarea microscopiei
electronice cu scanare (SEM) si a tehnicilor de prelucrare a imaginii. Ei se constituie in pori cu caneluri lineare si pori tip elipsa. Distribufia
porilor de suprafata si numarul de micropori variaza de la o fibra la alta, ceea ce poate determina diferente semnificative ale proprietatilor firelor
filate. Se propune o clatire suficientd, cu apa curata, a fibrelor, anterior proceselor de deshidratare si fixare, in vederea eliminarii efectului de
supraincarcare/infundare a porilor.

Cuvinte-cheie: morfologie de suprafaa, pori cu canelura lineard, pori tip elipsd, tehnica de prelucrare a imaginii

Characterization on pore size of honeycomb-patterned micro-porous PET fibers
using image processing techniques
This paper presents a method to characterize the pore structure of the fibre surface for the honeycomb-patterned PET fibers, by using a
scanning electron microscopy (SEM) and image processing techniques. They consist of linear channel pores (LCP) and ellipse pores (EP).
The surface pore distribution and micropore numbers varied from each fiber to another, which can make significant differences on the property
of the spun yarns. It is proposed that the fiber should be sufficiently rinsed with clean water before dewatering and setting processes, to
eliminate the pore-clogging effect.

Key-words: surface morphology, linear channel pore, ellipse pore, image processing technique

Die Charakterisierung der Porengrosse bei den mikroporésen PET-Faser mit Wabenstruktur,
durch Benutzung von Bildbearbeitungstechniken

Die Arbeit stellt vor eine Charakterisierungsmethode der Struktur der Oberflichenporen der PET -Faser mit Wabenstruktur, durch Benutzung
von elektronischen Mikroskopie mit Bildaufnahme (SEM) und Bildbearbeitungstechniken. Sie sind Poren mit linearen Rillen (LCP) und
ellypsenartige Poren (EP) bestehen. Die Verteilung der Oberfldchenporen und die Anzahl der Mikroporen schwankt in Abhéngigkeit der Faser,
was zu wesentlichen Unterschiede der Spinnfaseregenschaften fihren kann. In diesem Sinne wird vor den Prozessen fiir Entfeuchtung
(Trocknung) und Fixierung, eine ausreichende Spilung mit reinem Wasser der Faser fir die Absonderung des (lberporositatefektes

(Porenanhédufung), vorgeschlagen.

Schliisselwérter: Oberflichenmorphologie, Porengrésse, Poren mit linearen Rille, ellypsenartige Poren, Bildbearbeitungstechniken

Sportswear, in particular, needs to absorb water
and moisture after intense exercise. Synthetic fiber
without such function is not suitable for sportswear
because of stuffiness and stickiness. For this reason,
the development of a functional synthetic fiber with
water transport and quick dry properties was a major
objective over a long period. At present, two ap-
proaches can be used to make these functional fabrics.
One method to produce such fabrics is using profiled
fibers, which can be achieved by using spinning boards
with specially designed nozzles. The profiled fibers,
such as tetra-channel fiber Coolmax, by DuPont (Ka-
jiwara et al., 2000), are mainly used in the market
worldwide to produce moisture absorption and quick
dry fabrics. The air trapped inside the hollow channel
fiber is deemed as a kind of thermal insulating material,
which reduces the weight of textiles and keeps the
human body warm (Jackson et al., 1994; Dave et al.,
1987; Hu et al., 2005). The second approach is using
the micro-porous fibre, such as porous hollow fiber
Wellkey, by Teijin (Wang et al., 2009). Hundreds of
thousands of micro pores run through both inside of the
fiber and on the surface, which can be treated as a
major way to transport water and transfer the moisture
vapor.

Previous studies devoted to developing methods of
measuring pore characteristics can be found in many
porous media fields. The pore structure analysis was
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reported by using various micro porous techniques,
such as the scanning tunneling microscopy — STM
(Vignal et al., 1999), scanning electron microscopy —
SEM (Oshida et al., 1995), transmission electron mi-
croscopy — TEM (Oshida et al., 1995; Yoshizawa et al.,
1998) and other normal optical microscopy (Oshida et
al., 1996). Fatt introduced the model of porous media
in the rock science (Fatt, 1996). Lot of works were
down also in the same rock field (Bakke et al., 1996;
Blunt et al., 1991; Delerue et al., 2002, 1999; Hidajat et
al., 2002). The pore size distribution and modeling were
studied also in nonwoven and membrane fields by using
image processing techniques (Zeng et al., 2000; Di-
massi et al., 2008). However, the image processing
technique applied to such a honeycomb-patterned
micro-porous fiber has not yet been reported.

The objective of this study is to use the SEM and image
processing technique to measure the pore size of the
honeycomb-patterned micro-porous polyester fiber.
Four parameters are proposed in this paper to
characterize the fiber pore size property. Furthermore,
the frequency histogram pictures for the four para-
meters are also presented and analyzed. Finally, some
conclusions and suggestions are projected.

METHODOLOGY

The fibers were observed under a JSM-5610 scanning
electron microscopy (JEOL, Japan). It was observed
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Fig. 1. Linear channel pores (LCP) and ellipse pores (EP):
a— LCPs on the fiber surface; b — EPs on the fiber surface

that there are mainly two kinds of pores on the fiber
surface. One type of pores have long channels, which
are so called linear channel pores (LCP); another type
of pores have an ellipse shape, which are called ellipse
pores (EP), as seen in figure 1. These two types of
pores greatly increased the fiber specific area, so the
water transport property of fiber assembles is highly

enhanced.

It was assumed that each pore on the fiber surface is
flat and has a certain depth. Hence, the external shape
of these two types of pores can be marked in yellow
color by the Paint drawing tool (Microsoft). The JEOL
SmileView software (JEOL, Japan) was then used to
measure the size of the yellow marked pores. The major
diameter D, , minor diameter D, of the pore, the ratio
of the major and minor pore diameter R, and the pore
surface area Sp were used to characterize the size

properties of pores on the fiber surface. For LCP, the
shape is deemed as diamond-patterned, and then the
pore surface area can be calculated by:

where:

S, cp is the pore surface area, um?;

a — the major diameter of the pore, pm;

b — the minor diameter of the pore, pm.

For the EP, the surface area SEP of a pore on the fiber
surface can be expressed as

S, cp = Tabl4 @)

The SEM images after the size measurements are
presented in figure 2.

RESULTS AND DISCUSSION

The results of maximum, average, and minimum values
for the four parameters of the LCP and EP are listed in

i

il
i
il
B

Frequency
Frequency

ol m m ]
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Major diameter Minor diameter

a

Fig. 8. The frequency histogram pictures of D, , D,

Fig. 2. The pore sizes on the fiber surface measured by JEOL
SmileView software

table 1. It was found that the ratio R for LCP is about
3 times higher than that of the EP. For the pore surface
area, the averaged value for the LCP is about 62 times
that of the EP. Hence, EP on the fiber surface should
be amplified to 5,000 times, under a SEM, in order to
get an enough clear image.

Three hundred and four measurements were obtained
for the LCPs. The frequency histogram pictures were
drawn by using the SPSS software, as shown in figure
3. It was found that the major diameter of the LCP has
a large distribution, i.e. varied from 1 to 24.70 pm.
However, most of the values of the D, are ranged from
1.67 to 6.67 pm. The minor diameter D_. has a good
centralization, about 85% of values ranged from 0.5 to
1.3 pm. For the pore area Sp, it has a standard devia-
tion of 8.093, which showed that values varied a lot.
This was mainly due to the larger distribution of the D,
values. The major/minor diameter ratio R was found
above 1.67, which proved that the LCPs have long and
narrow channels on the fiber surface.

Similarly, three hundred and ten measurements were
obtained for the EPs on the fiber surface.

The frequency histogram pictures for the major diame-
ter, minor diameter, ratio of major/minor diameter and
the surface area were also drawn, as seen in figure 4.
It can be easily found that the standard deviations of
D, D, R, Sp for EP were 0.335, 0.260, 1.046 and
0.144 respectively, which are much smaller than the
values of the LCPs. Hence, EPs have good centra-
lization on those four parameters compared with the
LCPs. The majority of D, values for the EP were ran-
ged from 0.25 to 0.67 pm. For the minor diameter D_,
the main averaged range was from 0.10 to 0.37 pm.
Comparing the pore size areas of the EPs with those of
the LCPs, EPs have only 1/80 to 1/58 of the LCPs pore
area. Thus, EPs are much smaller than the LCPs,
which have close to circular shapes on the fiber
surface, other than the linear channels for the LCPs.

Frequency
Frequency

Ratio
c

Pore area

R, Sp of LCPs:

mi?

a — the major diameter; b — the minor diameter; ¢ — the ratio of major/minor diameter; d — the pore surface area
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Fig. 4. The histogram pictures of D, D,

Frequency
Frequency

Pore area

R, S_ of ECPs:

mi?

a — the major diameter; b — the minor diameter; ¢ — the ratio of major/minor diameter; d — the pore surface area

PET fiber. The pore size was measured and analyzed

Table 1

by a JEOL 5610 SEM and the SmileView image pro-

Parameters Values for LCP Values for EP cessing software. It was found that the micro pores
Max. | Mean | Min. | Max. | Mean | Min. could be classified into two types, LCP and EP. For the

D, Hm 24.70 | 599 | 1.00 | 1.84 | 0.49 |0.14 LCP, the averaged major and minor diameters were
D, pm 260 | 1.03 | 0.20 | 0.68 | 0.26 |0.04 5.99 pm and 1.03 pm, respectively. EPs have a good
R 2450 | 582 | 167 | 705 | 1.88 |1.00 centralization on the fiber surface, as compared to
S “m2 56.81 6.18 0.60 0.98 0.099 |0.0075 the LCPS, of which the averaged major and minor
2 diameters were 0.49 um and, respectively, 0.26 pum. It

Since the pore size of the EP was relatively small, it is
suggested that the fibers should be rinsed sufficiently to
prevent the pore clogging during the whole further
finishing process.

CONCLUSIONS

This paper presents a method for the pore size
measuring of the honeycomb-patterned microporous

was also found that the pore size distribution varied a
lot for each fiber, which may cause the yarn strength
varied from each other. Further studies should be
paying more attention to the effect of the pore
distribution on the yarn strength.
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NOTE ECONOMICE

CRESTERI PE PIATA TEXTILELOR TEHNICE
DIN S.U.A.

in anul 2009, din cauza recesiunii globale, vanzarile
de textile, din S.U.A., au scazut cu 6,3%, iar exporturile
cu 23%. Acest domeniu cuprinde cca 7 000 de com-
panii, cu 1500 de furnizori de fibre, fire si materiale si
distribuitori de echipamente si servicii si 5 500 de
fabricanti de produse finite. Valoarea acestor produse
textile a fost in 2009 de 27,8 miliarde de dolari, iar in
2010 se estimeaza a fi de 26,8 miliarde de dolari.
Datoritd faptului ca cererile armatei se mentin consi-
derabile, din cauza conflictelor din Afganistan si Irak,
acest sector a inregistrat o crestere de 10% — in anii
2008-2009, prin cele 190 000 de corturi necesare
anual si cele 575 000 de seturi de echipamente
individuale de protectie, destinate atat armatei, cat si
fortelor de aplicare a legii. Prin amendamentul Berry
se solicita fabricarea, in S.U.A., a 100 de produse pen-
tru acest sector. Recenta rectificare Kissell a extins
aceasta solicitare si in cadrul sectorului de securitate
interna si de paza a coastei.

In industria geosinteticelor din S.U.A., in care activeazi
peste 50 de companii si care se ridica la o productie
anualda de 800 de milioane m2 de material, s-a inre-
gistrat o crestere de 5-6%, in 2008, ramanand con-
stantd si in 2009. Pentru piata structurilor tehnice
textile, IFAl prognozeaza o scadere cu 5-10%.
Piata materialelor destinate industriei constructoare de
masini a scazut cu 35%, in ultimii doi ani, fiind afectata
in mod direct de scaderea vanzarilor la magini. Piata
articolelor pentru timp liber si recreere inregistreaza un
declin de 40% in sectorul constructilor de ambar-
catiuni si de 15-20% in cel al umbrarelor si balda-
chinelor rezidentiale.
Potrivit previziunilor IFAI, materialele geosintetice, mili-
tare si de protectie, dar si cele medicale, de grafica
digitald, textilele inteligente si cele ecologice din S.U.A.
vor finregistra, in urmatorii ani, procente de piata in
crestere, prin intermediul a trei materiale de baza -
tricoturi din urzeala, materiale compozite si textile ne-
tfesute.

Smarttextiles and nanotechnology,

decembrie 2009, p. 12
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Mathematical modelling and the technological process optimization
for the bio-scouring of the cotton textile materials
ALINA POPESCU

AURELIA GRIGORIU
CARMEN ZAHARIA

RODICA MURESAN
AUGUSTIN MURESAN

REZUMAT - ABSTRACT - INHALTSANGABE

Modelarea matematica si optimizarea procesului tehnologic de biocuratare a materialelor textile din bumbac
Din multitudinea de posibilitati de reducere a poluarii apelor reziduale rezultate din procesele tehnologice de finisare, in lucrare s-a abordat
prelucrarea materialelor textile din bumbac 100%, cu pectinaza alcalina monocomponenta BioPrep 3000L, ca alternativa la tratamentul alcalin
la cald, care este mare consumator de energie si are un impact negativ asupra mediului, prin cantitatea mare de alcalii, tenside, sechestranti
de ioni si agenti reducatori utilizati. Sunt prezentate modelarea matematica si optimizarea procesului tehnologic de biocuratare a materialelor
textile din bumbac, utilizand un program factorial central compozitional rotabil de ordinul 24.

Cuvinte-cheie: biocurafare, pectinaza, bumbac, modelare matematica, optimizare

Mathematical modeling and the technological process optimization for the bio-scouring of the cotton textile materials

Among the multitude of possibilities extant for the pollution decrease of wastewaters resulted from finishing technological processes, 100%
cotton textile materials processing was addressed, with mono-component alkaline pectinase BioPrep 3000L, as an alternative to the alkaline
boiling, which is a big energy consumer and has a negative impact over the environment, by its high quantity of alkalies, surfactants, ion
sequestrants and reducing agents used. In this article, the mathematical modeling and the optimization of the technological process for the
cotton textile material bio-scouring were presented, by the rotatable central composition design enabled by the factorial programme order 24.

Key-words: bio-scouring, pectinase, cotton, mathematical modeling, optimization

Die mathematische Modellierung und die Optimierung des technologischen Prozesses fiir Bioreiningung der Baumwolltextilmaterialien

Aus der Vielfalt von Méglichkeiten fiir Reduzierung der Umweltverschmutzung durch Abwésser aus technologischen Veredlungsprozessen,
wurde die Bearbeitung der Textilmaterialien aus 100% Baumwolle mit monokomponenter alkaliner Pektinase BioPrep 3000L verwendet, als
Alternative zur alkaliner Warmebehandlung, welches energieaufwendig ist und einen negativen Impakt auf die Umwelt hat, durch die grosse
Menge an Alkali, Tensiden, ionische Komplexbildner und reduzierende Agenten. Es wird die mathematische Modellierung und die
Optimisierung des technologischen Prozesses fiir Bioreinigung der Baumwolltextilmaterialien vorgestellt, mit Hilfe eines zentralen, faktoriellen

drehbar-zusammensetzendes Programm des Grades 2°.

Schliisselwérter: Bioreinigung, Pektinase, Baumwolle, mathematische Modellierung, Optimierung

Traditionally, cotton preliminary treatment, meant to
remove the non-cellulose impurities (waxes, pec-
tines, hemicellulose, and lignin) of the auxiliary sub-
stances used in the manufacturing flow (spinning,
winding, weaving) or certain accidental impurities, is
carried out by a boiling process. This takes place at a
temperature round 95-100°C, in a concentrated so-
dium hydroxide or other alkaline agent, such as sodium
carbonate, potassium hydroxide or their mixtures, at
a strongly alkaline pH (i.e. pH = 12-13), in the pre-
sence of surfactants, complexing agents and reducing
agents [1].

The alkaline boiling is efficient from the point of view of
the non-cellulose impurities removal; cotton wettability
is improved; lignin is expanded in the alkaline solution
and is removed at the subsequent oxidative bleaching.
But, the process has the following disadvantages: the
strongly alkaline chemical process affects the cellulose
and determines the modification of the physical-me-
chanical and physical-chemical fibre characteristics;
the treatment generates wastewaters with a very high
alkalinity and, implicitly, with a negative impact over the
environment; the process is carried out at high energy
consumption (high treating temperature and duration);
and, it needs large quantities of water for repeated
rinsing conducted for the removal of caustic soda
residual content [2].

At global level, preoccupations were intensely focused
on the substitution of the alkaline boiling process by the
enzymes cleaning process. Depending on the nature of
non-cellulose impurities, the action of certain enzymes
was investigated over cotton impurities, such as: acid
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and alkaline pectinase [3-11], cellulase [12-15], pro-
tease [16-19], lipase [17, 19] and xylanase [15].
Among the multitude of possibilities for pollution reduc-
tion of wastewaters resulted from finishing technolo-
gical processes, in this paper, there was approached
the preliminary treatment of the textile materials made of
100% cotton with mono-component alkaline pectinase
BioPrep 3000L. This enzyme is a bacterial pectate-
lyase obtained from a genetically modified Bacillus spe-
cies, which is more efficient than the conventional multi-
component acid pectinase from fungi. The charac-
terization of this enzyme is, according to the provisions
of the Enzymology Commission, E.C. 4.2.2.2, fact that
classifies it as being a lyase.

In accordance with the normatives, the enzymes that
destroy pectines are named pectinases. The advantage
in using pectinases is that these enzymes attack only
the pectin substrate, without decomposing the cellu-
lose material. By pectines destruction, the other natural
impurities of the cellulose materials are concomitantly
removed: waxes, mineral substances, pigments and
proteins, which are usually combined with pectines.

In this article, the mathematical modeling and the
optimization of the bio-scouring technological process
was presented for the cotton textile materials, through
the rotatable central compositional design enabled by
factorial programme order 2*. So as to conceive a pro-
gramme optimization for the biotechnology related to
the preliminary treatment of cotton textile materials, wo-
ven fabrics were used made of 100% cotton (Crivina
article), 122.5 g/m? in mass, which were enzymatically
treated with BioPrep 3000 L pectinase.

2010, vol. 61, nr. 2




Table 1
CODIFICATION OF THE INDEPENDENT VARIABLES
Basic .
Variable/Value R.e"’gl Co.dgfi actual Varltatlon
variable | variable valia step
Concentration of Z, X 0.102| 0.04
pectinase BioPrep
3000L, g/L
pH Zy Xy 8.5 0.5
Temperature, °C Zy X3 55 5
Duration of enzymatic Z, Xy 40 10
hydrolysis, minutes

MATHEMATICAL MODELING OF THE BIO-
SCOURING PROCESS FOR THE COTTON
TEXTILE MATERIALS

The modeling, simulation and optimization of the trea-

ting processes shall follow a certain algorithm, which

needs the following stages:

I - setof an optimization criterion or the target func-
tion, Y, for the technological process under

study;

select the independent or decision-enabling va-
riables, x;;

set the various types of restrictions the decision-
enabling variables are subjected to;

work the mathematical model (find the target
function) for the process under study regarding
textile treatment/finishing, as well as same model
simplification under reasonable limits;

testing and interpretation of the mathematic mo-
deling, respectively the assessment of the extent
to which it represents the process under real
conditions;

select the method to further determine the opti-
mal solution or the optimum;

find the optimal solution and the maximum or
minimum value of the target function or the ma-
thematical model proposed.

VI -

Vil -

ACTIVE EXPERIMENTAL PLANNING CENTRAL
COMPOSITIONALLY ROTATABLE OF 24 ORDER

The empirical model shape which lays at the basis of
the central compositionally rotatable planning corres-
ponds to the following relation:

Y = b, +ib,-X,- +i
=1 S =1

b. X (1)

/iX

J

in which:

Y represented the response function or the
dependent variable or the tar-
get function;

Xi, Xj - the coded variables of the pro-
cess studied;
by, b, bj, b,-j - the model coefficients.

The significance of the coefficients was tested by the
application of the t test (Student), followed by finding
and interpretation of the target function optimum carried
out by conventional optimization methods [20].

To work out the present mathematical model, the expe-
riments planning was performed in conformity with the

industria textila

1 |

rotatable central composition programme of 24 order
[21-28], considering four independent variables (x):
x; — concentration of the pectinolitic enzyme — BioPrep
3000L, g/L; x, — pH; x5 — temperature, °C; x, — the du-
ration of the enzymatic hydrolysis reaction, minutes.
The basic values and the variation step for each
independent variable used within the working
experimental programme are presented in table 1.

The optimization criteria or the target functions, taken
as dependent variables (Y, %), were considered the

following: Y, — content of pectines, %; Y, — content of
waxes, %; Y, — average polymerization degree; Y, —
water absorption by capillarity, %; Yg — whiteness de-

gree.
The empirical mathematical model (functional relation)
between the target function, Y; (dependent variable)

and independent variables (X, X,, X3, X,), takes the
form of a regression equation:

Y =Dy + by Xy + by Xy +bgXg +by X by X1 Xy +
+ bygXiXg + by XXy + bog Xo Xg + by Xo Xy + (2)
+ by Xg Xy +by X7 + byp X3 +bagg X3 +byy Xi

The coefficients of the target function above were de-
termined by the least squares method using the
following matrix relation [21]:

-1
b= (xT D() X"y 3)

in which:

b is column matrix of the regression coefficients, b;

X — coded variable matrix x;

Y — column matrix of the experimental values for target
function Y.

The values of the coefficients for all the five sugges-
ted target functions, Y, are schematically presented in

table 2. The meaning of the target function coefficients
was tested by t test (Student), removing the non-
significant ones, the remaining significant coefficients
corresponding to the mathematical model in equations
(4) - (8).
In accordance with coefficients significance found, the
expressions of the target functions are:
For Y;:
Y, =0.3973 - 0.0202X, +0.0141X, —0.0195X, +
+ 0.0181X,X, +0.0833X; —0.0079X3 -  (4)

-0.0454 X2 —0.0204 X2

For Y,:

Y, = 0.574 — 0.0425 X, X, +0.0225X,X, —
- 0.055X,X; —0.0172X2 —0.0247 X2
For Yy

(5)

+ 0.0621X? +0.0375 X3 +0.0488 X3
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Table 2 Table 3
TARGET FUNCTION COEFFICIENTS, Y; FINAL COEFFICIENTS FOR THE EQUATIONS
N, Y.01.0e- OF THE TARGET FUNCTIONS
Coefficient Y, Y, 003" Y, Ys . Y.d0e+
Coefficient Y, Y, 3, 003 Vn Ve
by 0.3973 | 0.5740 | 1.2144 | 92.2187| 0.4398
b, —0.0202 | —0.0063 | -0.0057 | 0.1462[-0.0273 bo 0.8973 | 0.5740 | 1.2144%| 92.21CHICEEE.
b, 0.0141 | 0.0035 | 0.0015 | —0.1362[-0.1349 b, 2 | O —0.00575 /NS 0
b, 0.0067 | 0.0047 | 0.0010 | 0.0615|-0.1369 b, gl | 0 0.0015 |98 0
b, —0.0195 | —0.0030 | -0.0118 | —0.4873[—0.0439 by 0 0 0.0010NINS 9
Bl 0.0056 | 0.0000 | 0.0006 | 1.5469[-0.0113 b, o | 0 —0.01iEN. 2
B —0.0069 | —0.0425 | 0.0029 | —1.3181| 0.3462 by, E e 0.0006 | 1.5469N8
B, 0.0056 | 0.0225 | -0.0144 | —0.5844| 0.0713 byg £ —0.0425 | 0.0029 | ~1.5181 (N0
B 0.0056 | —0.0550 | 0.0275 | 2.6806| 1.8150 by, 0 0.0225 | -0.014431N8 0
B . 0.0181 | 0.0125 | 0.0158 | 0.8744|—1.1550 byq 0 —0.0550 | 0.0275 | 2.6806| 1.8150
E.. 0.0056 | —0.0100 | -0.0205 | 3.5294|-0.6300 by, Rl | O —0.0158 | 0.8744|-1:1580
B, 0.0833 | -0.0097 | 0.0622 | 0.4873]-0.3043 by, E E —0.0205 | 8.5294 | SUIGERE
by, |-0.0079 | -0.0172 | 0.0375 | 0.8360| 0.0607 by, s | 0 00622 ] 0 0
by | —0.0454 | -0.0059 | 0.0488 | 0.6448|—0.4056 by,  |-0.0079 | -0.0172 | 0.0375 | 0.8360| O
B —0.0204 | —0.0247 [-0.0071 | 1.2110| 0.4707 Dgg | 0.0454 | © 0.0488 | 0.6448 |-0.4056
b,,  |-0.0204 | -0.0247 [-0.0071 | 1.2110| 0.4707
For ¥y Y, - average value of the dependent va-
Y, =92.2187 +1.5469X,X, —1.3181X,X; + oble:
+ 2.6806X,X;5 +0.8744X,X, +3.5294X3X, + (7)Y, - experimental values of the dependent
+ 0_836X§ +o_6448X§ +1.2110XZ variable in the center of the pro-
_ gramme;
For Yg: Y ok - average value of the experimental
Y5 =80.4398 +1.8150 X, X5 —1.550X, X, — 8 values in the center of the pro-
- 0.630X5X, —0.4056X2 +0.4707X2 ®) gramme; . o
n - total number of experiments within
In table 3, the final coefficients for the equations of the experimental matrix;
target functions Y,-Y are presented. Thus, there were ~ k - number of experiments in the center

achieved the mathematical equations, which describe
the dependencies between the proposed independent
variables of the cotton bio-scouring process (enzyme
concentration, pH, temperature and enzymatic hydro-
lysis duration) and the optimization criterion or, as con-
sidered, the dependent variable (content of pectines,
content of waxes, average polymerization degree, con-
tent of water adsorbed by capillarity, whiteness de-
gree).

Appropriateness of the mathematical model pro-
posed was checked by computing the Fisher test

value, F:
i —\2
(-9 (Yo - Ye)
— =1
F= K . 9
(k - 1) (Yek/' - Yek)
=1
in which:
Y, represented experimental values of the dependent
variable;
Table 4
VERIFICATION OF THE MATHEMATICAL MODEL
SUITABILITY, FISHER - F TEST
Sum Sum
Function, (Yei_Ye)z' (Yeki_ ek)z’ et Fiup Fcalc<Ftub
N=...,31| k=1,...,7
Vi 0.9642 0.0228 | 211.4474 |245.95| adequate
% 0.2658 0.0221| 60.1357 adequate
Y, [619547 [35811.71 | 72.5387 adequate
Y, [1034.195 56.8812 | 90.9083 adequate
Ys 4475645 | 26.2748 | 85.1699 adequate
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of the programme.
Suitability of the five proposed mathematical models, as
compared to the experimental values (n =31 and k= 7),
is presented in table 4.

RESULTS AND DISCUSSION

The mathematical models proposed were graphically
represented, by Matlab programme, keeping constant
the basic value of two or three variables. The emphasis
on the effects the significant factor interactions have
over the target function, Y, proposed was drawn by

marking out the response surfaces and the constant

level curves. The values of the five target functions were

computed and graphically market out by:

— simultaneous variation of the four independent
variables, Y; = Y; (x;, X5, X3, Xx,); three independent
variables remained in the domain center (x; = 0), and

the fourth variable took values in the experimental
domain, the pursue being the variation of the
dependent variable values;

— two of the independent variables kept at their basic

value (x; = 0; X = 0), the other ones having values in

the so considered suitable experimental domain.

The analysis of the model for the pectines
content - Y,

By simultaneous variation of the four independent varia-
bles, the pectines content is under a continuous
decreasing up to the central area of the experimental
domain, after which it has a growing trend (fig. 1).
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Fig. 2. Influence of one independent variable over pectines content
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Fig. 3. Influence of independent variables x; and x, over pectines
content (curves of the constant Ieveﬁ

In case three independent variables are kept constant
within the experimental domain center and just one of
the independent variables is changed, the following
tracks are to be noticed (fig. 2):

— once with increasing the enzymatic product concen-
tration, the pectines content decreases from 0.77,
for x; = =2, to 0.4 in the center of the experimental
domain and increases again around the value of
0.68, for x; = +2;

— in the case the pH increases, the pectines content
grows continuously up to a maximum value situated
around 0.4%, for x, = +1, from now on showing a
slight decreasing trend;

— by temperature increase, the content of pectic sub-
stances in the materials increases up to a maximum
value situated in the center of the experimental do-
main, followed by a decrease; the lowest values of
the content in pectic substances are obtained for
X3 = =2,

— by duration increase, first, there is a slight increasing
of the content in pectic substances, in the first
interval of the experimental domain, followed, as
noticed, by a pronounced decrease.

In case x; and x, vary, the other variables being main-

tained in the center of the experimental domain, there

can be noticed that the significant influence is
performed by variable x, (fig. 3). For variable x;, the
content of pectines continuously decreases towards
the center of the experimental domain, as for x, the
influence is low. Nevertheless, the lowest values ob-
tained are situated in the central area, ranged around

0.397 % obtained for x, very close to -2, and x, in the

interval O and +2. Further on, by a content increase of

the enzymatic product, the content of pectic substan-
ces also increases.
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Fig. 4. Influence of independent variables x; and x5 over pectines
content (response surface areas)

Fig. 5. Influence of independent variables x; and x, over pectines
content (response surface areas)

For the independent variables x; and x;, the content of
pectic substances varies for both variables (fig. 4a). As
regards the influence of the independent variable x,, the
content of pectines continuously decreases towards
the center of the experimental domain, thus being ob-
tained a minimum value, to then increase again. For xg,
the maximum values of the pectic substances content
are obtained in the central area of the experimental
domain.

In the case of parameters variation for x; and x,, the
significant influence for the domain under analysis is
represented by the enzymatic product concentration,
while the influence of the hydrolysis duration is low
(fig. 5). By concentration increase of the enzymatic
product meant for treatment, the content of pectines
decreases towards the central area of the experimental
domain, thus being obtained a minimum value, after
which it increases again.

The influence of variables x, (pH) and x; (temperature)
is presented in figure 6. Minimum values are obtained
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Fig. 6. Influence of independent variables x, and x; over pectines
content (response surface areas)

Fig. 7. Influence of the independent variables over waxes
content

wal H | .

Fig. 8. Influence of one independent variable over waxes
content

at the extremity of the experimental domain, namely x, =
=-2t0-1.5, and 1.8-2, as for x; =-2to -1.8 and 1.8
to 2. The values increase towards the center of the
experimental domain, where the maximum value is to be
found.

In the case of pH variation (x,) and hydrolysis duration
(x4), the lowest values of the pectines content (0.181%)
can be obtained for x,, ranged between -2 and -1.5,
and for x, = +1.75 to +2.

In the case of variation for temperature (x3) and duration
(x,), significant influence takes only variable x,, there
being obtained the minimum values of pectines content
(0.18%), for x, = -2 and x, = +2.

The analysis of the model for the waxes
content - Y,

By simultaneous variation of all the independent pa-
rameters on the experimental domain, there can be
noticed that the content of waxes has an increase to the
maximum value around the center of the experimental
domain, after which there is a decreasing tendency
towards zero at the domain extremity (fig. 7).

In case a single independent variable is varied, the

other ones being maintained in the center of the expe-

rimental domain, the following things are to be noticed

(fig. 8):

— for the independent variable x,, the content of waxes
increases close to the central area of the domain,
after which it continuously decreases;

— for the x, variable, the content of waxes increases
until the middle of the experimental domain, after
which it continuously decreases;
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Fig. 9. Influence of independent variables x; and x; over waxes
content (response surface areas)
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Fig. 10. Influence of independent variables x; and x; over waxes
content (curves of the constant level)

- for the x5 variable, the content of waxes has a
minimum value at x; = -2, after which it continuously
increases until around the value of x; = 0.5, and then
it has a continuous decreasing trend;

— regarding the enzymatic hydrolysis duration, low
values of the content in waxes are obtained, both
at minimum values (x, = —2), and at maximum ones
(xy = +2).

In case x, si x, parameters (fig. 9) are varied, a higher

influence over the content of waxes is expressed by the

pH value. Maximum values are obtained close to the
central area of the experimental domain, the minimum
values decreasing towards extremities.

In case x; and x; parameters are varied, minimum va-

lues are obtained for the content of waxes (0.391%),

either for x, = -2 — -1.5 and x; = -2 - -1.6, and for

x; = 1.6 —+2 and x; = 1.5 - +2, respectively (fig. 10).

In the case of x; and x, variables, a higher influence has

variable x;, the content of waxes decreasing once with

the increase of the enzymatic product concentration
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Fig. 11. Influence of independent variables x; and x, over waxes
content (curves of the constant level)

Fig. 12. Influence of independent variables x, and x5 over waxes
content (response surface areas)
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Fig. 13. Influence of the independent variables
over the PD

(fig. 10). The lowest values of waxes content (0.374 %)
can be obtained either by using increased concen-
trations of the enzymatic product and short hydrolysis

durations (x; = +1.7 — +2, x, = =1.75 - -2), or low
concentrations and long durations (x, = -1.75 - -2,
Xy = +1.8 = +2).

In the case of x, and x; variables, the content of waxes
is influenced by their variation (fig. 12). Minimum values
of the content of waxes (0,311%) can be obtained
either for the minimum values of the variables (x, = -2 —
-1.75; x5 = -2 — -1.5), or for their maximum values
(X, = +1.8 = +2 and x5 = +1.75 - +2).

In the case of x, and x, parameters variation, according
to the analysis of the constant level curves, one can
notice that the minimum values of the content of waxes
decrease towards the extremities of the experimental
domain. In turn, according to the analysis on the
influence expressed by variables x; and x,, one can
notice that only duration has a significant influence,
minimum values being obtained in short treatment
durations, as well as in long ones (x, = -2 and x, = +2).

The analysis of the model for the average
polymerization degree (PD) - Y,

By simultaneous variation of the four parameters, the
average polymerization degree (PD) presents a conti-
nuous decreasing until the central area of the experi-

mental domain, after which it increases again (fig. 13).
In case the variation takes place for a single indepen-

dent parameter, for x,, X, and x5, the shape of the curve

is almost identical, namely presenting a minimum value
decrease in the central area of the domain, after which
it has a continuous increase up to around the
1 350-1 440 values (fig. 14).
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Fig. 14. Influence of one independent variable
over the PD

Fig. 15. Influence of independent variables x; and x, over the PD
(response surface areas)

In case the variation takes place for parameters x; and
x, (fig. 15) or x, and x5 (fig. 16) the average poly-
merization degree (PD) presents a minimum value in the
central area of the experimental domain, the maximum
values ranging at the four extremities of the
experimental domain.

In the case of x; and x, parameters, the influence of the
enzymatic product concentration is significant, as com-
pared to the enzymatic hydrolysis duration (fig. 17).
Once the enzymatic product concentration increases,
the average polymerization degree (PD) decreases,
reaching a minimum value in the central area of the
experimental area, after which it increases again.

The influence of x, and x; parameters lead to the ob-
taining of a maximum value for the average polymeri-
zation degree (1 613), either by using low values of the
pH and temperature, or when taking values ranging at
the experimental domain maximum (fig. 18).

For x, and x, (fig. 19), the average polymerization de-
gree (PD) presents a decrease once with the pH
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Fig. 16. Influence of independent variables x; and x5 over the PD
(response surface areas)

Fig. 17. Influence of independent variables x; and x, over the PD
(response surface areas)

Fig. 18. Influence of independent variables x, and x;
over the PD (response surface areas)

Fig. 19. Influence of independent variables x, and x,
over the PD (response surface areas)
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Fig. 20. Influence of the independent variables over water
absorption

increase, a minimum value being obtained at 1 193,
after which it increases again. The maximum value of
the average polymerization degree (1 393) is obtained
at a pH ranging on the analyzed domain x, = +1.7 — +2
and a shorter hydrolysis duration (x, = 0.5 — -2).

In case of temperature x; and duration x, variation, only

parameter x, takes the significant influence.

The analysis of the model for water absorption
by capillarity - Y,

The curve shape of capillarity water absorption by
concomitant variation of the four independent para-
meters decreases from the left extremity of the expe-
rimental domain (x; = —2) and presents a minimum value

in the central area, after which it increases again for the
maximum values of the variables (x; = +2) (fig. 20). The
values obtained at the two extremities are akin.

In case variation takes place for a single independent
parameter, the curves obtained for all the dependent
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Fig. 21. Influence of one independent variable over water
absorption by capillarity

variables present the same variation direction, with a
minimum value in the central area of the experimental
domain ranging around the 92% value (fig. 21).

In the case of x; and x, parameters, the maximum
values of this (independent) parameter can be obtained
either by using small concentrations of the enzymatic
product and a high pH, or high concentrations and a
small pH (fig. 22).

In the case of x; and x; parameters variation as well,
water absorption by capillarity is influenced by both
variables (fig. 23), there being obtained high values of
water absorption either by using small concentrations
of the enzymatic product and a high temperature, or a
low temperature and high concentrations.

In the case of variation for x; and x, parameters (fig. 24)

or for parameters x, and x, (fig. 25), the minimum values

of water absorption by capillarity are obtained in the
central area of the experimental domain. The maximum
values can be obtained as follows:
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Fig. 22. Influence of independent variables x; and x, over water
absorption by capillarity (response surface areas)

Fig. 23. Influence of independent variables x; and x; over water
absorption by capillarity (response surface areas)

Fig. 24. Influence of independent variables x; and x, over water
absorption by capillarity (response surface areas)

Fig. 25. Influence of independent variables x, and x; over water
absorption by capillarity (response surface areas)

Fig. 26. Influence of independent variables x, and x, over water
absorption by capillarity (response surface areas)

— low enzyme concentrations and high hydrolysis dura-
tion or high enzyme concentrations and short dura-
tions (in the case of variation for x, and x, para-
meters);

— either low, or high pH and temperature (in the case
of variation for x, and x; parameters).

By variation of x, and x, parameters, the maximum

water absorption by capillarity (103%) is obtained for

the minimum or for the maximum values of these vari-
ables (fig. 26). According to the analysis on the influ-
ence of x5 and x, parameters, one can notice that only

duration has a significant influence (fig. 27).

The analysis of the model for the whiteness

degree - Y;

By simultaneous variation of all the independent
parameters on the experimental domain, there can be
noticed that the whiteness degree presents a conti-
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Fig. 27. Influence of independent variables x; and x, over water
absorption by capillarity (response surface areas)

nuous decreasing up to value x; = +1, after which it

shows a slight increasing trend (fig. 28).

In case variation takes place for a single independent

parameter, the other ones being maintained in the

central part of the experimental domain, following things

can be noticed (fig. 29):

- for the independent parameter x;, the whiteness
degree increases up to around 80%, for x; = 0, until
the center of the experimental domain, after which
it continuously decreases up to around 79.25%, for
X; = +2;

— for parameter x,, the whiteness degree continuously
decreases from 80.95%, for x, = -2, up to around
80.4%, for x, = +2;

— for parameter x5, the whiteness degree shows a
maximum value (80.6%) at x; = 0.5, after which it
continuously decreases up to around 78%, for x; =
=+2;

— regarding the hydrolysis duration, the whiteness
degree decreases, presenting a minimum value
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Fig. 28. Influence of the independent variables over whiteness
degree

Fig. 29. Influence of one independent variable over whiteness
degree

Fig. 80. Influence of independent variables x; and x, over
whiteness degree (response surface areas)

(80.4%) for x, = O, after which it increases again up

to around 82%, for x, = +2.
The curves obtained in the case of parameters x, and
X, show that the concentration of the enzymatic product
has a higher influence (fig. 30). The whiteness degree
increases towards the central area of the experimental
domain.
The influence of x; and x, parameters shows that the
maximum value of the whiteness degree is ranging
within the chosen domain. The two parameters maxi-
mum value is situated around x,, x; = 0.5 (fig. 31).
For the independent parameters x; and x,, the white-
ness degree varies, depending on both parameters
(fig. 32). As far as the influence of independent para-
meter x, is concerned, the whiteness degree increases
towards the center of the experimental domain, there
being obtained a maximum value, after which it decrea-
ses again. As regards x,, the maximum values of the
whiteness degree are obtained at the two extremities.
By the analysis of constant level curves (fig. 32), one
can notice that the same value (82%) can be obtained
either at a shorter or longer duration, for a constant
value of the enzymatic product concentration.
By the graphic representation of the curves obtained
through parameters x, and x; variation, there can be
noticed that the maximum values of the whiteness de-
gree are obtained by pairs of values situated in the left
side or in the right side of the experimental domain
(fig. 33).
In the case of parameters x, and x, variation (fig. 35),
the maximum values of the whiteness degree can be
obtained at a low pH and longer duration or at a high
pH and short treating duration.
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Fig. 31. Influence of independent variables x; and x; over
whiteness degree (response surface areas)

Fig. 32. Influence of independent variables x; and x, over water
absorption by capillarity (response surface areas)

From the graphical analysis of parameters x; and x,

variation, there results the fact that only the hydrolysis
duration has a significant influence over the whiteness
degree.

THE OPTIMIZATION OF THE PROPOSED
MATHEMATICAL MODELS Y,-Y,

To find the optimum values for the five target functions,
the conventional method was used for optimization; this
consists in finding the stationary points (x; * x,* x3*and
x,”), as well as the nature of the stationary point, namely
the maximum point or the minimum point.

Finding of the stationary points consists in solving a
system of four equations with 4 items unknown,
obtained after the 15t order derivatives of the target
function are set equal to zero in relation to each
variable. The stationary point is identified by deter-
mination of higher order derivatives (if n = 2k = even
and the value of 2k order derivatives determinate is
negative, we have got a maximum point; yet, if this value
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Fig. 33. Influence of independent variables x, and x5 over
whiteness degree (response surface areas)

is positive, we have got a minimum point; if n = 2k +
+ 1 = odd, there is an inflexion point, the function having
no minimum or maximum).

In the case of Y, function (content of pectines), the
stationary point found by the application of the
conventional method is x;* = +0.1212, x,* = +1.5556,
x3* = 0and x,* = -0.5794, this corresponding to a value
of the target function, Y, = 0.387028. This stationary
point is an inflexion point. The Y, function has no
distinct maximum or minimum point; yet, it shows
an outmost local maximum point, x;* = =2 (0.004 g/L
BioPrep 3000 L), x,*=0 (pH = 8.5), x;*= 0 (55°C) and
x,* = 0 (40 minutes), corresponding to the 0.7 709 %
value Y.

In the case of Y, function (content of waxes), the sta-
tionary point found by the application of the conven-
tional method is x;*= 0, x, = 0, x3*= 0 and x,*= 0, this
corresponding to a value of the target function, namely
Y, = 0.574. This stationary point is an inflexion point.
The Y, function has no distinct maximum or minimum
point; yet, it shows an outmost local maximum point,
namely x,*= -1 (0.053 g/L BioPrep 3000 L), x,* = -1
(pH = 8.0), x3* = +1 (60°C) and x,* = -1 (30 minutes),
corresponding to the 0.8543 % value Y.

In the case of Y, function (average polymerization de-
gree), the stationary point found by the application of
the conventional method is x;*= 0, x, = 0, x;*= 0 and
x,* = 0, this corresponding to a value of the target
function, Y, = 1214.4. This stationary point is an in-
flexion point. The Y3 function shows an outmost local
maximum point, x,* = -1 (0.053 g/L BioPrep 3000 L),

X* = +1 (pH = 9.0), x;* = +1 (60°C) and
x,* = -1 (30 minutes), corresponding to a real value of
1410.1 (Yy).

In the case of Y, function (water absorption by capil-
larity), the stationary point found by the application of
the conventional method is x;*= 0, x, = 0, x3*= 0 and
x,* = 0, this corresponding to a value of the target
function, Y, = 92.2187. The Y, function has no distinct
maximum or minimum point; yet, it shows an outmost
local maximum point, x, *= -1 (0.053 g/L BioPrep 3000
L), x,* = -1 (pH = 8.0), x,* = =1 (50°C) and x,* =
= -1 (80 minutes), corresponding to 100 % value Y.

In the case of Yy function (whiteness degree), the sta-
tionary point found by the application of the conven-
tional method is x; *=0, x, = 0, x3*=0and x,*= 0, this
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Fig. 34. Influence of independent variables x, and x, over
whiteness degree (response surface areas)

corresponding to a value of the target function, Yy =
= 80.4398. The Yy function has an outmost local
maximum point, x,* = —1(0.053 g/L BioPrep 3000 L),
X* = -1 (pH = 8.0), x3* = -1 (50°C) and
x,* = =1 (80 minutes), corresponding to 82.8449%
value Y.

CONCLUSIONS

The rotatable central composition design enabled by

factorial programme order 2* has led to the following

general conclusions:

. The variation mode of the independent variables
chosen for the bio-scouring of the cotton fibres: x; —

pectinolitic enzyme concentration BioPrep 3000L,
g/L; x, — pH; x5 — temperature, °C and x, — duration
of the enzymatic hydrolysis reaction, minutes -
corresponds to the values set by the application of
the active empirical experimental planning possible
through the rotatable central composition design of
the 24 order;

. Mathematical equations were found for the five
suggested target functions: Y, — content of pectines;
Y, — content of waxes; Y; — average polymerization
degree; Y, — water absorption by capillarity and Yy —
whiteness degree — the mathematical models being
validated by the application of the t test (Student) and
by models suitability check with Fisher test; the
expressions of the mathematical models are appro-
priate, corresponding to the experimental data; thus,
the optimum values were found for the target
functions, which are outmost local maximum points;

. In case the 4 independent variables are varied
(pectinolitic enzyme concentration BioPrep 3000L,
pH, temperature and duration of enzymatic hydrolysis
reaction), by the interpretation of the mathematical
models found for the 5 target functions, the following
conclusions result:

- a reduced content of pectines Y, remnant on the

woven fabric and a high whiteness degree Yj in

the central area of the experimental domain are
obtained, but also optimum values of these
characteristics, at a concentration of the enzymatic
product ranging between 0.05-0.15 g/L, together
with the variation of the independent parameters,
with the following variants: low pH — low tempe-
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[1]
[2]
[3]

[4]

rature — high hydrolysis duration or high pH — high
temperature — low hydrolysis duration;
as regards the content of waxes Y, the average

pH — high temperature — low hydrolysis duration;
case in which, there should be considered that,
once with the increase in pH and of the enzymatic

product concentration, the average polymerization
degree decreases, reason for which the appli-
cation of the first combination of values is pre-
ferred for the technologic parameters;

. Graphics created by Matlab programme, which is
marking out the response surfaces and constant level
curves, can be considered work nomograms, in the
case alkaline pectinases are industrially applied for
preliminary cotton treatment.

polymerization degree Y, and water absorption by
capillarity Y,, optimum values are obtained at the

extremities of the experimental domain; the optimal
combination of the independent variables that
leads to optimum values of these characteristics is
low concentration of the enzymatic product — low
pH — low temperature — high hydrolysis duration or
high concentration of the enzymatic product — high
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Relatla structura- proprletatl pentru tesaturl antistatice,
destinate echlpamentelor de protectie

LUCICA CIOARA
IOAN CIOARA

DOINA TOMA

ABSTRACT - INHALTSANGABE

Structure-properties relationship of the antistatic woven fabrics for protective equipment application

The paper presents the results of researches conducted for the structure-properties relationship of the antistatic woven fabrics made of
conductive yarns only in the weft direction. Thus, the choice was for a Rhovyl 95% and Bekinox 5% fibers weft yarn, and the weaving variants
have been designed as simple and compound. An optimal utilization was tried for the beneficial properties of raw materials entering the fabric
composition, as well as a compensation of the disadvantageous characteristics. Structure optimization was achieved by a correct
dimensioning of critical characteristics, so that each component should contribute to the accomplishment of woven fabric quality indices. In
order to perform this analysis on different woven fabric variants, the main properties providing the fabrics the use value were tested,
respectively the antistatic properties, but also the comfort and durability ones.

Key-words: woven fabrics, protective equipment, functionality, weave, properties, surface resistivity, mechanical characteristics

Die Beziehung Struktur-Eigenschaften fiir antistatische Gewebe bestimmt der Protektionsanziige

In der Arbeit werden die Ergebnisse der Forschungen betreff der Beziehung Struktur-Eigenschaften vorgestellt, realisiert aus Gewebe mit
antistatischen Eigenschaften, welche durch Anwendung von leitfahigen Garne erhalten werden, ausgesetzt nur in Richtung des Schusses. Es
wurde der Schussgarn gebildet aus 95% Rhovyl + 5% Bekinox Faser ausgewdhit. Die Gewebevarianten wurden als einfache und
zusammengesetzte Strukturen entworfen, durch den Versuch eine optimale Anwendung der vorteilhaften Rohstoffeigenschaften der
Gewebezusammensetzung sowie eine Begleichung der unvorteilhaften Eigenschaften, zu erzielen. Die Strukturoptimierung wurde durch
korrekte Eigenschaftsdimensionierung erhalten, so dass jede Komponente zur Einhaltung der Leistungsindizes der Gewebequalitat beitragen
soll. Um diese Analyse auf verschiedenen Gewebevarianten durchzufiihren, wurden diejenigen prioritare Eigenschaften getestet, welche den
Geweben Anwendungswert verleihen. Es wurden die antistatischen Eigenschaften bewertet, welche die grosste Bedeutung haben, sowie die
Eigenschaften fiir Komfort und Nachhaltigkeit.

Schlisselworter: Gewebe, Protektionsanziige, Funktionalitdt, Struktur, Eigenschaften, Obefldchenwiderstand, mechanische Chrakteristiken

Tematica privind proiectarea, realizarea si optimizarea
materialelor textile destinate confectionarii echipa-
mentelor de protectie, care sa asigure securitatea mun-
cii si calitatea vietii, este una de actualitate, dar si de
perspectiva. Caracteristicile structurale ale tesaturilor
din care se confectioneaza echipamentele de protectie
trebuie sa fie astfel proiectate, incat sa ofere, pe de o
parte, confort fiziologic, iar pe de alta parte protectie
impotriva factorilor de risc care pot ameninta siguranta
sau chiar viata purtatorului [1-4]. Proiectarea unei astfel
de tesaturi trebuie realizatd in urma analizei cerintelor si
proprietatilor pe care aceasta trebuie sa le indeplineas-
ca in procesul de exploatare.

Echipamentele de protectie contra riscurilor create de

electricitatea statica sunt necesare pentru desfasurarea

in sigurantd a unor activitati specifice din domeniile
minier, petrolier, electronic (camere curate), pirotehnic,

militar etc. [5].

Prevenirea incarcarii electrostatice a echipamentelor de

protectie confectionate din tesaturi poate fi obtinuta prin

[5-7]:

- folosirea tesaturilor realizate in totalitate din fire con-
ductive — o solutie inadecvata, din cauza costurilor
ridicate;

. placarea sau pulverizarea de vapori de metal sau ar-
gint pe suprafata tesaturii — un tratament costisitor,
care necesita instalatii speciale;

. folosirea unor teséaturi cu retele de fire conductive,
distribuite pe directia urzelii sau/si a bataturii, avand
rolul de a descarca sarcinile acumulate in timpul
exploatarii;

- tratarea tesaturilor cu produse antistatice — o solutie
posibila, dar care presupune reinnoirea tratamentului
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la fiecare spalare, iar omogenitatea tratamentului nu

poate fi garantata.
Adoptarea practica a uneia sau a alteia dintre aceste
solutii trebuie justificata atat prin raportul pret-calitate,
céat si prin raportul pret-utilitate. Alegerea se face in
functie de riscurile de contaminare si pericolele deter-
minate de acestea, precum si in functie de frecventa de
schimbare a echipamentelor. Solutia considerata cea
mai avantajoasa pentru realizarea tesaturilor cu proprie-
tati antistatice este cea a utilizarii firelor conductive dis-
tribuite uniform in structura, deoarece efectul de anti-
statizare este stabil in comparatie cu celelalte metode
si, de asemenea, acesta nu depinde de umiditatea aeru-
lui. Ratiunea pentru care se face aceasta apreciere este
aceea ca fibrele de inox se caracterizeaza nu numai prin
proprietati conductive bune, dar si printr-o foarte buna
rezistenta la spalare. Proprietatile antistatice ale echipa-
mentului de protectie, definite prin standardul EN 1149,
trebuie sa se mentina constante pana la 200 de cicluri
de spalare [8, 9].

PARTEA EXPERIMENTALA

In lucrare sunt prezentate rezultatele cercetarilor privind

structura si proprietaile unor tesaturi cu caracteristici

antistatice, cu continut de fibre metalice, destinate con-

fectionarii de echipamente de protectie. Proprietatile

antistatice ale unei {esaturi sunt apreciate in functie de

rezistivitatea de suprafata a acestora si, din acest punct

de vedere, ele pot fi clasificate in:

. materiale conductive — cu o rezistivitate mai mica de
105° Q;

. materiale antistatice — cu o rezistivitate cuprinsa intre
10°si 1012 Q;

2010, vol. 61, nr. 2




Force, NV

15.0

125

12.0 H- ‘EM

5 Pet 6T%+Bbe33%

Na-25/1
Rhavy] 95% +Hekinox 5%

b

&0 &0 B0
Extensiog, me

Fig. 1. Diagramele efort-alungire

. materiale izolatoare — cu o rezistivitate mai mare de
1012 Q;
- materiale cu proprietdti de scut pentru undele elec-
tromagnetice — cu o rezistivitate mai mica de 102 Q.
Pentru tesaturile la care antistatizarea se realizeaza cu
fibre metalice, chiar si un procent relativ mic al aces-
tora, de 2-4%, asigura obtinerea valorilor recomandate
ale rezistivitatii de suprafata.
In proiectarea tesaturilor din cadrul programului expe-
rimental s-a avut in vedere atét asigurarea proprietatilor
antistatice — prin distributia omogena a fibrelor metalice,
cét si a tuturor celorlalte proprietati ale {esaturii, care
confera o buna functionalitate a echipamentelor de pro-
tectie. S-au utilizat tesaturi care au pe directia bataturii
fire Nm 25/1, cu continut de fibre metalice, respectiv
95% fibre Rhovyl si 5% fibre Bekinox. Toate variantele
au fost realizate cu fire de urzeala Nm 50/2, din 67%
PET si 33% bumbac.
Caracteristicile mecanice ale firelor folosite la realizarea
tesaturilor sunt prezentate in tabelul 1, iar in diagramele
efort-alungire ale celor doua fire in figura 1.
Alungirea si forta de rupere nu furnizeaza suficiente in-
formatii pentru aprecierea comportarii acestora in tim-
pul prelucrarii si utilizarii i, din acest motiv, trebuie
analizate diagramele efort-alungire ale firelor (fig. 1),
precum si o serie de indicatori calculafi cu ajutorul lor
(tabelul 1). Caracteristicile mecanice prezentate in ta-
belul 1 pun in evidenta faptul ca cele doua fire au o
comportare diferita la solicitarile de intindere.
Firul Nm 50/2, din 67% fibre PET si 33% fibre de
bumbac, are o for{a la rupere mai mare si o alungire la
rupere mai mica decéat firul Nm 25/1, din 95% fibre
Rhovyl si 5% fibre Bekinox. Factorul lucrului mecanic,
care este > 0,5 pentru ambele fire, indica o buna ca-
pacitate de deformare a acestora si, prin urmare, o
rezistenta adecvata la solicitarile din timpul prelucrarii si
utilizarii. Limita de proportionalitate efort-alungire este
inregistrata, pentru firul Nm 50/2 (PET 67% — bumbac
33%), la valori cu mult mai mari fata de firul Nm 25/1
(Rhovyl 95% - Bekinox 5%). Alura curbelor efort-
alungire ale celor doua fire este semnificativ diferen-
tiata. Pe diagrama firului Nm 25/1 se observa o zona
mare de fluaj. Firul va avea deformatii mari la modificari
relativ mici ale efortului. Se poate anticipa ca, in tesa-
turd, cele doua fire vor genera caracteristici tensionale
diferite [10, 11].
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Tabelul 1

Fir de urzeala

Fir de batatura

Parametrul PET 67% + Rhovyl 95% +
+ bumbac 33% + Bekinox 5%

Finetea firului Nm, m/g 50/2 25/1
Diametrul firelor, mm 0,255 0,266
Forta de rupere, N 10,5 3,168
Alungirea la rupere, % 9,6 21,2
(distanta dintre cleme =
= 250 mm)
Lucrul mecanic de rupere, J 0,1570 0,1249
Factorul de lucru mecanic >0,5 > 0,5
Limita de proportionalitate, 3%/5, 1,16
N/mm 6,8 2,55
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Programul experimental de cercetare cuprinde doua
variante de tesaturi simple si o variantd de tesatura
compusa. Pentru toate variantele de tesaturi, firele cu
fibre de inox au fost inserate in structura ca fire de
batatura. Tesaturile au fost realizate pe o masina de
tesut cu proiectil.

Varintele de {esaturi simple au fost proiectate conform
practicii obisnuite din proiectarea tesaturilor, folosind
un model geometric al structurii fesaturii [1]. Modelul
geometric al fesaturii a fost elaborat pentru o tesatura
cu legatura panza. Prima varianta din programul expe-
rimental V-l este cu legaturd panza si este varianta
pentru care s-au calculat desimile geometrice minime si
desimile tehnologice maxime, corespunzatoare celor
noua faze de structurd, conform modelului geometric al
tesaturii (tabelul 2). Desimile tehnologice ale firelor de
urzeald si de bataturd, pentru varianta de {esatura V-I,
au fost astfel alese astfel incat, pe de o parte, tesaturile
sa corespundad destinafiei pentru care au fost pro-
iectate, iar pe de alta parte sa nu existe, din punct de
vedere tehnologic, probleme majore de prelucrare la
tesere. S-a optat pentru o structura echilibrata, in care
desimea firelor pe cele doua direciii sa fie aceeasi, si
care sa se realizeze Tn faze de structura orientate in jurul
fazei 5. Intervalul de variatie a desimilor tehnologice
admis prin proiectare este prezentat in tabelul 2.

Cea de-a doua variantd de tesatura are aceleasi ca-
racteristici ca si cele ale variantei V-1, cu deosebirea ca
legatura este diagonal D2/2. Legaturile adoptate pentru
variantele de tesaturi simple, V-l si V-Il, respectiv panza

Tabelul 2
X Desimile Desimile
Inaltimile de unda,|  geometrice tehnologice
Nr. fazei mm minime, mm  [maxime, fire/10 cm
i 5 Py max. | Pomax
<R h, hy L | o i | v/ IS
/10 cm | /10 cm
1 0 0,5208 | 0,5208 | 0,266 192 376
2) 0,0651 | 0,4557 | 0,5169 | 0,266 193 376
a(2,13) [0,0732| 0,4478|0,5158 | 0,266 194 376
3 0,1302 | 0,3906 | 0,5045 | 0,3448| 198 290
4 0,1953 | 0,3255 | 0,4830 | 0,4068| 207 245
5 0,2604 | 0,2604 | 0,4520 | 0,4520| 221 221
6 0,3255 | 0,1953 | 0,4068 | 0,4830| 245 207
7 0,3906 | 0,1302 | 0,3448 | 0,5045| 290 198
b (7,98) |0,4536 | 0,0667| 0,255 |0,5167 | 392 194
8 0,4557 | 0,0651 (0,255 [0,5169| 392 193
9 0,5208 | O 0,255 |0,5208| 392 192
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Tabelul 3

CARACTERISTICILE DE STRUCTURA ALE TESATURILOR

tesaturii, %

V-l | V-Ii | V-1l
Materia prima Urzeala Bumbac 33% + PET 67%
Batatura Rhovyl 95% + Bekinox 5% B, — bumbac 33% + PES 67%
B, — Rhovyl 95% + Bekinox 5%
Finetea firelor, T, (N,) Urzeala 20 x 2 (50/2)
Batatura 40 (25/1) B, =20 x 2 (50/2)
B, = 40 (25/1)
Desimea firelor, fire/10 cm Urzeala 230 224 220
Batatura 225 225 230
Contractia firelor, % Urzeala 4,15 1,77 4,85
Batatura 8,34 7,1 5,2
Masa tesaturii, g/m? 192 192 284
Procentul de fibra metalica din masa N5 2.4 1,65

Legatura

Semidubla de batatura

250

si diagonal D2/2, au acelasi grad de echilibrare, iar
batatura care contine fibre de inox este orientata echi-
librat pe fata si dosul tesaturii. Diferenta dintre cele
doua legaturi este datda de marimea segmentului de
legare si, deci, de fermitatea legarii.

Pentru varianta a treia, V-Ill, s-a ales o structura com-
pusa. Pe o structura de referinta echivalenta cu V-l s-a
proiectat o tesatura cu legatura dubla de batatura, ba-
tatura B, din 33% bumbac $i 67% PET si batatura B,
din 95% Rhovyl si 5% Bekinox. In acest fel, se urma-
reste compensarea caracteristicilor mecanice defavo-
rabile ale bataturii B, cu cele ale bataturii B,. De ase-
menea, prin tipul de legatura, batdtura care contine
fibre metalice va fi orientatd numai catre una din fetele
tesaturii.

Pentru a analiza modul de distribuire a firelor de
batatura cu fibre metalice in structura tesaturii, langa
desenul legaturii sunt reprezentate sectiuni pe directia
urzelii, respectiv a bataturii (tabelul 3). La tesaturile
simple, V-l si V-Il, se observa cad batatura apare, in
egala masura, pe fafa si dosul acestora, iar la varianta
V-l o batatura este orientata pe fata tesaturii si cealalta
numai pe dosul acesteia.

In tabelul 3 sunt prezentate caracteristicile de structura
pentru cele trei variante de tesaturi realizate. S-a calcu-
lat, pentru fiecare varianta, procentul de fibra metalica
din masa tesaturii.

Optimizarea structurii, din punct de vedere al functio-
nalitatii, impune dimensionarea corectd a caracteris-
ticilor, astfel incat fiecare componenta sa contribuie la
atingerea indicilor de performanta/calitate a tesaturii.
Aceasta optimizare presupune cunoasterea relatiei din-
tre structura si proprietatile tesaturii. Pentru a efectua
aceasta analizd pe variantele de tesaturi realizate, au

fost testate principalele proprietati care confera valoare
de utilizare tesaturilor. Indicatorii prin care se apreciaza
proprietatile fizico-mecanice ale variantelor de fesaturi
sunt prezentati in tabelul 4.

REZULTATE $I DISCUTII

Analiza valorilor experimentale obtinute in urma testelor
de laborator permite formularea unor interpretari care
sunt prezentate in continuare.

Analiza proprietéatilor electrostatice

Tesaturile cu proprietdti antistatice superioare sunt
considerate cele care au rezistivitatea cuprinsa intre
105 5i 10° Q.

Valorile rezistivitatii de suprafatd, cu ordinul de marime
102, 108, 10%, masurate pe cele trei variante, se inca-
dreaza in limitele recomandate pentru tesaturile la care
sarcina electrica se disipeaza prin conductivitate.
Tesaturile simple, V-I si V-II, cu un continut de fibra me-
talica de 2,5%, au valori similare ale rezistivitatii, dato-
ritd faptului ca toate caracteristicile sunt foarte apro-
piate, iar legaturile au acelasi grad de echilibrare.
Varianta V-lll, cu un confinut de fibra metalicd de
1,65%, se caracterizeaza printr-o rezistivitate de supra-
fata buna, cu toate ca procentul de fibra metalica este
mai mic. Diferenta dintre valorile rezistivitatii de pe fata,
respectiv dosul tesaturii, pune in evidenta faptul ca, prin
legatura compusa, batatura cu fibre de inox este ori-
entatd numai catre una din fetele tesaturii (fig. 2).
Tesatura are proprietati antistatice si prezinta avantajul
dispunerii firelor cu confinut de fibre metalice pe fata
sau dosul tesaturii. Ca urmare, poate fi eliminat factorul
de disconfort datorat fibrelor metalice, atunci cand se
confectioneaza echipamente de protectie.
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Tabelul 4

PROPRIETATILE FIZICO-MECANICE ALE TESATURILOR
Caracteristica V-1 V-1l V-l
Rezistivitatea de Fata 1,27 x 103 | 1,74 x 103 1,04 x 10*
suprafatd, Q Dos 1,90 x 103 | 2,22 x 108 2,50 x 102
Rezistenta la > 230 > 175 > 422

frecare — testul

Martindale,

nr. de cicluri

pana la rupere

Rezistenta la Urzeald 1190 1070 1073
rupere, N Batatura 466 416 1311
Alungirea la Urzeala 18,00 12,19 15,56
rupere, % Batatura 36,67 34,31 18,30
Rezistenta la Urzeala 88,1 94,9 93,9
sfasiere, N Batatura 54,4 68,85 155,6
Permeabilitatea 617,2 684,7 396,8
la aer, mm/s

Analiza permeabilitatii la aer

In ceea ce priveste permeabilitatea la aer, valorile inre-
gistrate pentru tesaturile analizate asigura functia de
confort fiziologic impusa unui echipament de protec-
tie [1].

Tesaturile realizate ca structuri simple, V-I si V-Il, au
o permeabilitate mai mare, fiind mai putin compacte.
Tesaturile sunt mai permeabile si datorita faptului ca
firele simple de pe directia bataturii sunt mai volumi-
noase si permit trecerea aerului.

Varianta de tesatura V-lll, cu batatura dubld, are o
permeabilitate cu 60-65% mai mica decat primele doua
variante de tesaturi. Valoarea permeabilitafii de 400
mm/secunda se incadreaza in limitele recomandate
tesaturilor destinate imbracamintei.

Analiza comportarii la intindere

Pe directia urzelii, toate variantele de tesaturi au apro-
ximativ aceeasi forta de rupere, deoarece sunt realizate
din aceeasi urzeala. Varianta V-l, cu cea mai mare
fermitate de legare a firelor de urzeald, are cea mai
mare sarcina de rupere.

Alungirea la rupere pe directia urzelii diferd de la o va-
riantd la alta, din cauza tipului de legatura si a desimii in
batatura. Aceste caracteristici determina frecventa de
ondulare a firelor de urzeala.

Varianta V-l, cu legatura panza, si varianta V-lll, cu
legatura dubla de batatura, au alungirea comparabila,
deoarece contraciia firelor de urzeald este aproximativ
aceeasi (varianta V-l are contractia firelor de urzeald
4,15%, iar varianta V-lll, 4,85%). Curbele efort-alun-
gire din figura 3 pun in evidenta faptul ca frecventa de
ondulare a firelor de urzeala influenteaza alungirea la
rupere pe directia urzelii.

Pe directia bataturii, caracteristicile de structura pentru
tesaturile analizate se deosebesc semnificativ si, in con-
secintd, se diferentiaza si valorile fortei si ale alungirii la
rupere.

Valorile mici ale sarcinii la rupere pe directia bataturii,
pentru variantele de tesatura VI si VI, se explica prin
folosirea in batatura a firelor simple de Rhovyl si Be-
kinox. Desimea in batatura este comparabilda cu cea
din urzeala, in timp ce sarcina de rupere in batatura
este 35-45% din sarcina de rupere pe directia urzelii.
Din cauza valorilor mici ale sarcinii de rupere, se poate
considera ca acestea nu indeplinesc conditile de du-
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Fig. 2. Aspectul microscopic al sectiunii transversale a tesaturii VIII

rabilitate si de sigurantd impuse unui echipament de
protectie.

Varianta V-lIl cu bataturd dubla are doua sisteme de
batatura. Una dintre bataturi este alcatuitd dintr-un fir
rasucit Nm 50/2, din 67 % PET si 33% bumbac, iar cea
de-a doua batatura este fir formata dintr-un simplu Nm
25/1, din 95% Rhovyl si 5% Bekinox. Forta de rupere
pe directia bataturii, la aceasta tesatura, este de trei ori
mai mare decét la primele doud variante si este
comparabila cu cea de pe directia urzelii.

Alungirea la rupere pe directia bataturii este influentata
semnificativ de caracteristicile materiei prime, gradul de
ondulare a firelor fiind mai putin important. Firele de
batatura Nm 25/1, din 95% Rhovyl si 5% Bekinox,
confera variantelor V-I si V-Il o alungire la rupere mare
(84,31%, respectiv 36,67 %), care poate fi considerata
un dezavantaj, daca deformatia care apare in timpul
utilizarii tesaturii este remanenta.

Utilizarea pe directia bataturii a celei de-a doua bataturi,
care are alte caracteristici tensionale (sarcina mare si
alungire mai mica), are rolul de a corecta dezavantajele
date de firele din fibre Rhovyl. Pe diagrama din figura 4
se observa diferenta de comportament la tractiune
dintre cele trei variante de teséaturi. Modificarea com-
portamentului la Tntindere pe directia bataturii eviden-
tiaza faptul ca utilizarea legaturii semiduble reprezinta o
modalitate de optimizare a relatiei structura-proprietai.

Analiza comportarii la sfasgiere

Comportarea la sfasiere pe directia urzelii este aceeasi
pentru toate variantele de tesaturi. Pe directia bataturii
este evident faptul ca cea mai mare rezistenta o pre-
zintd tesatura compusa, datorita faptului ca are doua
sisteme de batatura.

Analiza comportarii la frecare

Comportarea la frecare a tesaturilor intereseaza, in pri-
mul rand, sub aspectul definirii durabilitatii tesaturii, dar
si al eficientei in asigurarea proprietatilor antistatice.
S-a considerat c&, pentru aprecierea comportarii la fre-
care a tesaturilor, este suficienta determinarea numa-
rului de cicluri pana la ruperea epruvetei.

Pentru toate cele trei variante de tesaturi, amestecul de
patru componente, cu proprietati distincte, reprezinta
un factor care accelereaza fenomenul ciclic de distru-
gere prin frecare a tesaturilor.

Variantele de tesaturi simple cu legatura diagonal, V-II,
au cea mai mica rezistenta la frecare. Aceasta se ex-
plicd prin faptul ca structura are compactitate mica,
fibrele filnd cu usurintd scoase din fir si din {esatura.
Varianta V-l, cu legatura panza, are caracteristici de
structura similare cu cele ale variantei V-Il, dar datorita
tipului de legaturd are compactitate mare si, in con-
secintd, o rezisten{a la uzurd semnificativ crescuta —
numarul de cicluri de solicitate pana la rupere, pentru
varianta V-II, cu legatura diagonal, reprezinta 24% din
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Fig. 3. Diagramele efort-alungire pe directia urzelii

numarul de cicluri corespunzatoare variantei V-I, cu
legatura panza.

Tesatura compusa V-l are, de asemenea, o rezistentd
mare la frecare, tesatura fiind constituita din trei sisteme
de fire. Solicitarea a fost efectuata in conditiile cele mai
defavorabile, respectiv pe partea cu fibra conductiva,
care se presupune ca va fi si cea mai solicitata in timpul
utilizarii. La varianta V-Ill, firele din fibre Rhovyl sunt cele
care se rup primele, la 250 de cicluri, si se considera
ca structura este distrusa prin frecare. Aceasta con-
statare este importantd pentru stabilirea valorii de
utilizare i pentru estimarea performantelor tesaturii pe
perioada de folosire.

CONCLUZII

Pentru {esaturile destinate echipamentelor de protectie
multifunctionale, se impune stabilirea — pe baza unor
criterii stiintifice obiective — a functiilor pe care trebuie
sa le indeplineasca tesatura si a nivelului de importanta
a acestora. Prin testarea principalelor proprietati fizice
si mecanice poate fi apreciat nivelul de functionalitate a
tesaturii.

Fig. 4. Diagramele efort-alungire pe directia bataturii

Proprietatile antistatice au cea mai mare importanta
pentru categoria de tesaturi analizate. Din acest punct
de vedere, se apreciaza ca toate variantele de fesaturi
corespund cerintelor impuse. Pentru tesaturile care au
o rezistivitate de suprafata peste limita impusa de stan-
darde, se recomanda utilizarea acestora sub forma de
componente ale echipamentului de protectie.

Varianta V-I are proprietaii functionale corespunzatoare
si se recomanda utilizarea acesteia pentru confectio-
narea echipamentelor de protectie usoare.

Utilizarea a doua bataturi in structura tesaturii, la
varianta VIII, urmareste compensarea caracteristicilor
mecanice defavorabile ale bataturii B,, Nm 25/1, din
95% fibre Rhovyl si 5% fibre Bekinox, cu cele ale
bataturii B;, Nm 50/2, din 67% fibre PET si 33% fibre

de bumbac. Modificarea comportamentului la intindere
a tesaturii pe directia bataturii, prin utilizarea legaturii
duble de batatura, se considera ca fiind o optimizare a
relatiei structura-proprietati.

Orientarea fibrelor conductive catre una din fetele te-
saturii elimina dezavantajele legate de caracteristica de
disconfort, generata de acestea.
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Composite nanopowder for antibacterial textiles
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REZUMAT - ABSTRACT - INHALTSANGABE

Nanopulbere compozita pentru textile antibacteriene

Interesul fata de dezvoltarea tehnologiilor de obtinere a unor textile antibacteriene pentru aplicatii medicale a crescut mult in ultima perioada
datorita numarului mare de infectii cauzate de germenii patogeni comuni, cat si de germenii mutanti rezistenti la antibiotice. Lucrarea prezinta
rezultatele cercetarilor privind obtinerea si caracterizarea unor noi agenti antibacterieni pe baza de nanopulberi compozite de tip Ag/TiO,,.
Acestia au fost obtinuti prin reducerea chimica in situ a ionilor de Ag+ aflati intr-o suspensie apoasa de nanoparticule de TiO,. Produsele
obtinute au fost caracterizate din punct de vedere chimic, fizic si antibacterian. Rezultatele au dovedit obfinerea unor amestecuri de
nanopulberi uniform dispersate si cu activitate antibacteriana fatd de un spectru larg de germeni patogeni.

Cuvinte cheie: nanopulberi, argint-dioxid de titan, textile antibacteriene

Composite nanopowder for antibacterial textiles

The interest in the development of technologies of production of some antibacterial textiles for medical applications has grown much lately
due to the high number of infections caused both by common pathogenic germs and the mutant germs resistant to antibiotics. The paper
presents the research results on the obtaining and characterization of new antibacterial agents based on composite nanopowders of Ag/TiO.
type. They were obtained by in situ chemical reduction of Ag+ ions being in an aqueous suspension of TiO, nanoparticles. The obtained
products were characterized from the chemical, physical and antibacterial point of view. The results proved the obtaining of some
nanopowders mixtures dispersed uniformly with antibacterial activity against a broad spectrum of pathogen germs.

Key-words: nanopowders, silver-titanium dioxide, antibacterial textiles

Nanopulververbundstoffe fiir antibakterielle Textilen

Die Interesse in der Entwicklung der Produktionstechnologien fiir Textilien mit antibakteriellen Eigenschaften fiir medizinische Zwecke ist in
letzter Zeit stark gestiegen, wegen der grossen Anzahl der Infektionen verursacht von allgemeinen Krankheitserreger, als auch von mutanten
Krankheitserreger, welche gegeniiber Antibiotika widerstandsféhig sind. Die Arbeit stellt die Forschungsergebnisse vor, der Produzierung
und Charakterisierung einiger neuen antibakteriellen Substanzen, auf Nanopulververbundbasis des Types Ag/TiO,. Diese wurden durch die
chemische Reduzierung ,in situ” der Ag-lonen erhalten, welche sich in einer wéssrigen Suspension aus TiO, Nanopartikel befinden. Die
erhaltenen Produkte wurden aus chemischen, physischen und antibakteriellen Standpunkt charakterisiert. Die Ergebnisse haben die
Produzierung einiger Mischungen aus gleichformig verteilten Nanopulvern bewiesen mit antibakterieller Aktivitit gegeniiber einem breiten
Spektrum von Krankheitserreger.

Schlisselwérter: Nanopulver, Titansilberdioxyd, antibakterielle Textilien

t present, the researches on the processing of tex-

tiles to antibacterial functionalization represent an
active field of interdisciplinary scientific investigations
due to a large diversity of infection sources from the
environment [1-15].
Moreover, the need for antibacterial products for ho-
spitals is very large to prevent infections contracted
from medical equipment used in hospitals (nosocomial
infections). A brief look at the data reported on this type
of infections has a major negative impact on health and
quality of patients’ life and very high treatment costs
from the budget of any country, due to resistance to
antibiotics of mutant germs from hospitals and arise
complications.
Speaking only of industrialized countries, they repre-
sent 25% of all infectious diseases. 10% of Europe’s
population is hospitalized and 5% contracts a nosoco-
mial infection. In USA from 2 000 000 patients affected
by these types of infections, 90 000 die. The treatment
of a bacterial infection due to catheters costs USD
2 836 [16].
From the data published recently by the Health Pro-
tection Agency (HPA) is revealed that, every year in
England, about 7 000 hospitalized patients had bacte-
rial infections with meticilino-resistant Staphylococcus
aureus (MRSA) and more than 50 000 of those aged
over 65 had infections with Clostridium difficile.
A report of the Romanian Ministry of Health showed
that during 2003-2007 nosocomial infections were
contracted by 55 253 patients. During 2001-2006, of
approximately 20 000 infections, 21.6% were with
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MRSA. Also during this time period, the rate of growth
for all types of nosocomial infections at children was of
30%. Also, as a result of this study was concluded that
places like healthcare units, hospitals and wards with
chronically patients and individuals have the greatest
risk to infections with MRSA.

A major priority for preventing the transmission of infec-
tions from medical staff to patients is the creation of
some textiles of antimicrobial barrier type.

The antimicrobial treatment of textiles is achieved
through two main methods: the antibacterial agent is
mixed directly with the polymer or fiber during the
spinning or the textile is treated at the end of processing
just like the dying.

Since the most of the synthesis antibacterial organic
agents have been shown to be harmful to health or are
not biodegradable, it is necessary to reduce the indus-
trial quantities used from these compounds and to re-
direct to new ecological inorganic compounds. In this
aim are recommended biocides mixed with metallic
oxides, hydroxides or their mixtures (oxides of Al, Ca,
Ce, Mg, Sr, Sn, Ti and Zn) in the form of reactive nano-
crystallites with sizes of about 20 nm and specific
surfaces of about 15 m?/g dispersed in an aqueous or
non-aqueous fluid medium. The optimal weight content
of biocide is selected in the range of 0.01-5%, of
nanoparticles is in the range of 0.1-10%, and of fluid
medium is in the range of 85-99% [17].

Titanium dioxide (TiO,), which is a n-type semicon-
ductor and a very active photo-catalyst, was very much
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studied for applications in various fields: air purification,
waste water treatment (removal of dyes) and to obtain
products with superhydrophilic, anti reflex, self-cleaning
or antibacterial properties. For applications for environ-
mental cleaning, the most active is considered to be the
nanometric powder in anatase crystalline form, which
has the forbidden band at 3.2 eV and absorbs photons
in the UV light at wavelengths below 388 nm. The
presence of oxygen and water adsorbed superficial
forms active oxygen species as HO™ radicals and O,~

ions that are highly reactive and have a decisive role in
these photocatalytic reactions.

Unfortunately, despite of these very promising proper-
ties, TiO, applications are still limited to the UV field
that occupies approximately 4-5% of the solar spec-
trum. In the closed environment where the light is only
available in lighting lamp exist only photons in the visible
domain and a very small quantity of UV light (approxi-
mately 1 uW/cm?).

If the active photocatalytic effect could be extended in
the visible light region (400-700 nm) by inducing a
batho-chromium movement (for example, a decrease of
the forbidden band or introduction of a state of intra-
forbidden band, which would lead to a higher absorp-
tion of visible light) practical applications of TiO, could
be much wider and the light energy could be used with
much greater efficiency. In this respect, in literature
have been reported improvements of photocatalytic
activity of TiO, in the visible light by doping with non-
metals or metals or their compounds [18, 19].

In the field of water's photocatalytic decomposition,
these methods have been studied and developed. To
purify the environment that requires large consumptions
of energy and materials, these methods are not
feasible. At industrial level the production costs of the
photocatalysts must remain low for any type of
application [20].

For antibacterial applications it is necessary to be crea-
ted materials to work in all conditions, including in
darkness. Because of the antibacterial action of Ag is
well known and takes place in any lighting conditions, a
series of works were targeted for improvement of the
photocatalytic activity of TiO, nanoparticles by the addi-
tion of Ag nanoparticles [21-23].

This paper presents a new nanocomposite material
based on TiO, doped with Ag nanoparticles, and the
methods of its production and characterization. Depen-
ding on the use, the material can be obtained either in
the form of aqueous slime, either in the form of powder.

EXPERIMENTAL PART

Materials used

In the experiments, there were used the following raw

materials:

. deionized water with conductivity of 18.2 MQ [tm at
25°C;

- nanopowder of TiO, in anatase cristallization form
(TiIO,Np), TiO, 2 99.5%, LOBA,;

. silver nitrate p.a., crystallized, AgNO, 2
Fluka;

. tri-sodiumcitrate, C;HzNa;O, 2H,0, 99-101%,

Merck;

99.9%,
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- poly [1-vinyl-2-pyrrolidone] (C4H{NO),, PVP, Sigma-
Aldrich;
. sodium borohydride, NaBH, =2 96 %, Merck.

Work methodology

The obtaining method of composite powders of
Ag/TiO, type, symbolized AgNp/TiO,Np, consists in an
in situ chemical deposition of silver nanoparticles sym-
bolized AgNp on TiO, nanoparticles symbolized
TiO,Np, in optimal conditions relating to concentration,
temperature, pH, lighting conditions, working atmo-
sphere, food rate and stirring of the reactive agents.

In the first step, the TiIO,Np were dispersed in an ultra
sound bath. Than, an AgNO, aqueous solution as
source of Ag* ions was added.

The obtaining of AgNp started with a soft reduction at
warm of Ag* ions in presence of PVP using a tri-sodium
citrate solution. After that, the suspension was cooled
and the reduction reaction was finalized by adding of a
NaBH, solution.

Aqueous colloidal suspensions were prepared with a
weight content of 1%, 5% and 10% TiO,Np and
0.005%, 0.0075% and 0.01% AgNp.

To obtain AgNp/TiO,Np in form of concentrated slimes,
the suspension was centrifuged to the desired wet
content.

To obtain the material in form of powders, the centri-
fuged slimes were dried in vacuum at 70°C.

Characterizations

The final products were characterized as follows:
. chemical composition. TiO,Np content by gravime-

trically method and AgNp content by atomic absorp-
tion spectroscopy;

. crystalline structure and crystallite dimensions by
X-ray diffraction;

. powders reflectance and suspensions absorbance in
UV-Vis by spectrophotometry;

. mean diameter and grain size distribution of nano-
particles by dynamic light scattering (DLS);

. shape and dimensions of nanoparticles by trans-
mission (TEM) and scanning electronic microscopy
(SEM).

The antibacterial activity tests were performed using the

microdilutions method, according to the normative in

force, against common and aggressive germs: Staphy-
lococcus aureus ATCC 25923, Escherichia coli ATCC

25922, Enterobacter cloacae ATCC 13047, Acineto-

bacter baumannii ATCC 17978, Candida albicans

ATCC 10231, Pseudomonas aeruginosa ATCC 27853

and meticilino-resistant Staphylococcus aureus, MRSA.

RESULTS AND DISCUSSIONS

The tests for chemical analysis showed the obtaining of
some products with designed concentrations.

Since the characteristics of the samples prepared by
the method described above are similar, further we will
present only the results obtained for the colloidal
suspension with a content of 5% TiO,Np and 0.0075%

AgNp. The weight concentration of AgNp of the pow-
der obtained from this suspension by centrifugation and
drying in vacuum at 70°C was of 0.149%.
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Fig. 1. SEM images of:
a - nondispersed TiO,Np powders; b — dispersed TiO,Np powders
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Fig. 2. Grain size distribution of TiO,Np powders
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Fig. 4. Reflectance spectra in UV-Vis of:
1 - TiO, Np powders; 2 — AgNp/TiO,Np powders

In figures 1-7 is presented the physical characteristics
of this material during processing and in final. The test
results of chemical and physical characterization con-
firm the obtaining of nanocomposite powders consis-
ting of TiO,Np with an average diameter of 7.8 nm

(fig. 2), with crystallographic structure of anatase
(fig. 3) and AgNp with an average diameter of 11.4 nm
(fig. 4-7). In synthesis process, AgNp were stabilized
electro-steric (fig. 8).

The electro-steric stabilization achieves a double pro-
tection: an electrostatic one with citrate ions, and a
steric one with PVP. The protection of AgNp with
citrate anions is achieved by forming of an electric
double layer and is provided by the interaction of
coulombian rejection, which occurs when two particles
loaded with the same charge are approaching one
another. The steric protection is conferred by attaching
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Fig. 8. X-ray diffraction pattern of AgNp/TiO,Np nanopowders
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Fig. 5. Absorbance spectrum in UV-Vis of AgNp coloidal solutions

of PVP molecules to the nanoparticles surface. Since
either citrate anions or polymer molecules of PVP can-
not give separately to AgNp a convenient stability, it can
be considered that this type of protection is the result of
synergistic action of these two substances.

The achievement of the characteristics of the AgNp/
TiO,Np composite nanopowders above presented cre-

ates the premises of achieving of bioactive AgNp acting
in any lighting conditions.

Thus, the antibacterial tests performed on AgNp/
TiO,Np slimes shows that the minimum inhibitory

concentration (MIC) reported on AgNp concentration is
of 14.9 ppm.

The biocidal action of AgNp begins with bacterial cell
membrane destruction, which is actually its respiratory
organ [23]. AgNp from the nanocomposite mixture are
nucleofile and tend to conjugate with compounds
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Fig. 7. TEM image of AgNp extracted from AgNp/TiO,Np
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Fig. 8. Stabilization of:
a - AgNp with citrate anions; b — with PVP

having positive charge of bacterial cell membrane. In
the same time, the membrane shows redox systems
that can promote oxidation of Ag® to Ag* ions, which in
turn blocks the S-H-bonds of proteins, enzymes and
coenzymes components thereof. Membrane perfo-
ration, cellular respiration suppression and invasion of
AgNp and of Ag* ions in citoplasma are followed after
a certain time period by distortion of DNA, stopping of
multiplication, and finally bacteria dies.

The photocatalytic effects by which are manifested the
destruction activity of micro-organisms of TiO,Np are
oxidative and are governed by a mechanism with free
radicals for which degradation speeds are close to a
large number of organic compounds. The photocata-
lytic activity of TiO, is very much influenced by crys-
tallinity, presence and size of pores, density of OH~
groups, surface acidity, number and nature of active
centers available within the network and on the crystal
surface. Thus, the nanopowders with high crystallinity
presented the best photocatalytic activity, while the
amorphous nanopowders were not photoreactive. The
structural defects due to oxygen vacancies affect both
the adsorption of water on the surface of the crystal and
the rate of dissociation of water into protons and hy-
droxyl groups. Dissociation of water requires the pre-
sence of acidic sites (represented by weak coordinate
titanium cations and that link initially the water mole-
cules) and basic sites (oxygen bridges exposed on
crystal surface and that accept protons) close and in
pair. OH~ groups participate directly in the reaction
mechanism by capturing of photo-generated gaps and
the catalyst surface enriching in HO™ radicals having a
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high reactivity. This process is important not only for the
production of free radicals, but also to avoid electrons-
holes recombination. A high content of OH™ groups can
be achieved by TiO,Np impregnation with water or by
synthesis of non stoichiometric TIO,Np (0 < x < 2).
Specific surface influences less these photocatalytic
reactions. A large specific surface area is favorable for
photo degradation due to its ability to absorb organic
molecules, including the microorganisms. In the same
time, it is unfavorable due to the presence of a large
number of defects in crystallization, which in turn faci-
litates the electron-hole recombination.

Particle size is another important parameter for
efficiency of the photocatalytic reactions because it
conditions the electron-hole recombination. The nano-
particles of semiconductors can have physical and
chemical properties different from the bulk material.
Small variations in diameter can lead to significant
changes of volume and ratio of diameter and specific
surface, which is the index of efficiency of nano-
particles.

The results of the experiments showed that the TiO,
nanometer powders present an optimal rate of oxidation
of organic substances to the values of average dia-
meter around 10 nm. In the laboratory experiment, the
treatment of waste water with TiO, in the presence of
UV radiations of high energy led to the total removal of
the micro-organisms. It was also found that micro-
organisms respond differently to this type of treatment,
both from the point of view of minimum inhibitory
concentration (MIC) and the duration of exposure. The
bacterial cell membrane acts as a barrier in the
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destruction process. The cell death occurs when the
DNA is also affected.

In an illumination with UV radiation of low intensity, the
TiO,Np surface does not show a significant antimicro-
bial activity. AgNp improve this feature by extending of
the activity domain and increasing of the destructive
power against many pathogen germs.

Since the bacterial cell is endowed with the capacity to
regenerate and self defend, the designing of biocidal
materials based on TiO,Np, which work by exposure to
UV radiations of low intensity, is a challenge in terms of
their composition and structure.

CONCLUSIONS

The researches presented in this paper had the aim to
improve the bio-activity of TiO,Np by extending of the
photocatalytic activity field outside the UV field.

In this aim, the works have been targeted towards
TiO,Np doping with AgNp whose biological activity is

manifested at very small concentrations (of ppm order)
and in any lighting conditions.

The paper presents the obtaining method of a nano-
composite powder of AgNp/TiO,Np type by a chemical
deposition of AgNp on TiO,Np with crystallographic
structure of anatase.

The material was characterized from chemical, physical
and antimicrobial point of view. The method allows the
obtaining of some AgNp/TiO,Np nanopowders with
adjustable chemical composition in a concentration
range that ensures product stability and antimicrobial
activity in any lighting conditions. The method is effi-
cient, has low production costs and can be extended at
small scale production.

The material can be prepared both in the powdery state
and in the form of aqueous suspensions and it is appli-
cable for the antimicrobial treatment of textiles with me-
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Noi materiale biocompozite bazate pe celuloza regenerata,
utilizate la confec;ionarea bran;urilor destinate diabeticilor
CIPRIAN MURARIU

MARTA HARNAGEA
FLORENTINA HARNAGEA

ROMEN BUTNARU
ALINA MURARIU

ABSTRACT - INHALTSANGABE

New bio-composite materials based on regenerated cellulose used in making insoles for the diabetic foot

The paper presents new polymeric bio-composite materials based on regenerated cellulose as well as compounds with a bio-active potential
and applications in the footwear industry, namely for the diabetic foot. By incorporation into such composites of some therapeutic drug
substances — chloramphenicol, sulphathiazole and nystatin — these can be used in obtaining insoles covers for the medical footwear. After the
bio-active compound inclusion into the cellulosic matrix, the composite thus achieved meant for the manufacture of footwear parts was tested
according to the European standard EN 12770:1999, aiming to determine water absorption-desorption — critical feature for the insole covers
having an orthopedic functional role. Thus, beside the therapeutic role achieved by including drug substances into the matrix, a hydrophilic
character is also gathered, which is of primary importance for this type of product.

Key-words: cellulose composites, prophylaxis, diabetic foot, absorption, desorption, insoles

Neue Bioverbundwerkstoffe aus regenerierter Zellulose fir die Herstellung von Einlagen fiir Diabetiker

Die Arbeit stellt vor neue polymerische Bioverbundwerkstoffe aus regenerierter Zellulose und Bindungen mit bioaktiven Potential, mit
Anwendungen in der Schuhindustrie fiir den diabetischen Fuss. Durch die Einbindung einiger medizinischen Substanzen — Chloranphenicol,
Sulphatiazol, Nystanin — in diesen Verbundwerkstoffen, kénnen sie bei der Herstellung von Einlagendecken fiir medizinische Schuhware
angewendet werden. Nach der Einschliessung der bioaktiven Bindungen in der zellulosischen Matrix wurde das so erhaltene
Verbundwerkstoff, bestimmt fiir die Produzierung von Schuhware, gemédss dem Europdischen Standard EN 12770:1999 fir
Wasserabsorption, getestet. Die Wasserabsorpton hat eine definierende Qualitdt im Falle der Einlagendecken mit ortopedischer
Funktionsrolle. Die Ergebnisse der Absorptionsteste haben das kategorisch bessere Verhalten der Bioverbundwerkstoffe hervorgehoben, im
Vergleich mit den klassischen Produkten vom Markt. Neben der therapeutischen Rolle, erhalten durch die Eingliederung der medizinischen

Stoffbindungen in der Matrix, wird auch ein hydrophiles Charakter erhalten, welches besonders notwendig fiir dieses Produkttyp ist.
Scliisselwérter: zellulosische Verbundwerkstoffe, Profilaxie, Diabetikerfuss, Absorption, Desorption, Einlagen

COMPOZITE CELULOZICE - DEFINITIE,
STRUCTURA

Compozitul este un material in care doi sau mai multi
constituenti separati se unesc pentru a forma un
compus cu proprietati mai bune. Materialale compozite
sunt, la ora actuald, cele mai raspandite materiale din
lume si fac parte din viata fiecaruia dintre noi. De
exemplu, tesutul 0s0S, betonul, hartia, lemnul etc. sunt
materiale compozite. In cele mai multe cazuri, mate-
rialele compozite sunt definite prin doua notiuni, si anu-
me matricea i armatura. Practic, cele doud elemente
formeaza materialul compozit. Ele sunt obligatoriu dife-
rite si joaca in structura compozitului roluri comple-
mentare. in cazul biocompozitelor se aplicd aceeasi
regula de structurare, doar ca, in locul armaturii, apare
compusul bioactiv, nefiind absolut necesar ca, in
obtinerea unui material compozit, sd fie imbunatatite
doar proprietatile reologice [1, 2].

in plus, biocompozitele pot avea mai mult de doi con-
stituenti, in functie de tipul materialului studiat. Asadar,
structura poate fi descrisa astfel: matrice celulozica,
compus bioactiv inglobat inh matrice si un element cu rol
ranforsant, care poate fi o fesdtura din bumbac, o spu-
ma poliuretanicd, o tesatura din fibre de carbon etc.
Structura materialului compozit pe baza de celuloza
regenerata si agent bioactiv este o structura de tip
sandwich, caracteristicd materialelor compozite (fig. 1).
Avantajele utilizarii unui astfel de material sunt evidente.
in cazul persoanelor suferinde de diabet, la nivelul pi-
cioarelor se poate instala neuropatia diabetica, rezultata
din afectarea sistemului nervos periferic, care duce la
scaderea sensibilititii dureroase, tactile, termice si vi-
bratorii in anumite parti ale corpului si, uneori, poate sa
afecteze capacitatea de miscare si forfa musculara. Cel
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Fig. 1. Structura materialului compozit pe baza de celuloza
regenerata si agent bioactiv

mai frecvent, sunt afectate picioarele (laba piciorului si
gambele) si poate contribui la aparitia unor probleme
serioase, cum ar fi ulcerele, infectile sau deformarile
osoase si articulare. Este cea mai frecventa forma de
neuropatie diabetica. Drept urmare, agravarea ulce-
rafillor si calozitatilor este foarte probabila, mai ales
daca verificarea suprafetei tegumentului la nivelul
membrelor inferioare nu se face zilnic, asa cum este
indicat. Situatiile de acest gen se pot agrava, atat de
tare, incat pot determina amputarea piciorului (figuri-
le 2, 3).

Ulceratiile diabetice constituie una dintre cele mai im-
portante probleme la nivel mondial. In prezent, in Eu-
ropa sunt peste 60 de milioane de pacienti care sufera
de diabet, cu o incidenta de ulceratii la nivelul piciorului
de aproximativ 20-25%, raportata pe intreaga durata
de viata a pacientilor. In prezent, la nivel european se
inregistreaza aproximativ 100 000 de amputari anuale
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Fig. 2. Agravarea ulceratiilor netratate la diabetici

ale membrelor, din cauza cronicizarii ulceratiilor diabe-
tice. Costul exact al tratamentului conventional al
acestor afectiuni este greu de determinat, dar se
apropie de milioane de dolari. Asadar, diabeticii si,
prin urmare, ulceratiile la nivelul piciorului reprezinta o
problema in crestere, care trebuie tratata cu seriozi-
tate [3].

Prezenta in acoperisul de brant a unui material biocom-
pozit permite eliberarea la nivelul piciorului, in spatiul
subvestimentar, a unor compusi cu rol profilactic sau
curativ. Prin urmare, se asigura un mediu care nu favo-
rizeaza dezvoltarea microorganismelor, eliminand riscul
aparitiei micozelor si al ciupercilor, iar in cazul unor
raniri accidentale sau cauzate de utilizarea unor pro-
duse de incéltaminte neadecvate, previn inflamarea zo-
nei. Aceasta etapa este favorizata in cazul bolnavilor de
diabet si de viteza lenta de vindecare, din cauza fluxului
crescut de glucide din sange si, nu in ultimul rAnd, de
climatul subvestimentar din interiorul incaltamintei —
umiditate crescuta, cauzata de transpiratie, lipsa luminii
si temperatura crescuta.

Prezenta biocompozitului la nivelul acoperisului de brant
permite tratarea locald, elimina disconfortul aplicarii di-
versilor unguenti, nu obliga bolnavul la perioade de re-
paus si, deoarece este aplicat local, se elimina tranzitul
hepatic existent in cazul tratamentelor cu antibiotice
administrate pe cale orala si, mult mai important, prin
functia de interschimbabilitate a acestor acoperisuri de
brant, intregul sistem capéata un rol profilactic. Pentru
obtinerea acoperisurilor de brant din materiale
biocompozite este necesara parcurgerea mai multor
etape.

Obtinerea materialului celulozic

Pentru obtinerea celulozei s-a utilizat procedeul clasic
pana la etapa de structurare a viscozei, etapa in care
s-a adaugat un procentaj de sare Glauber, reluandu-se
apoi procesul clasic. Dupa obtinerea celulozei, aceasta
este supusa unui tratament de albire, iar prin intro-
ducerea in apa se urmareste dizolvarea sarii si rea-
lizarea unui material cu structura poroasa. Cantitatea
de sare este principalul factor care influenteaza den-
sitatea matricei celulozice.

Includerea compusului bioactiv

Dupa uscarea materialului celulozic, asa cum este de-
scrisa in etapa experimentala a lucrarii, se trece la
includerea compusului bioactiv (in cazul de fata, a
compusilor de sulfatiazol, nistatin si cloramfenicol), prin
solubilizarea acestuia intr-un solvent organic biocom-
patibil, iar apoi matricea celulozica se introduce in so-
lutia astfel obtinuta, find urmatad de procesul de in-
cludere fizica.

Tmbunétét,irea proprietatilor reologice

Pentru a fi utilizat ca acoperis de brant, biocompozitul
obtinut are nevoie de ranforsare, asa incét sa reziste la
solicitarile din timpul procesului de purtare si fabricatie.
Cea mai simpla metoda de structurare este caracte-
risticd materialelor compozite si se numeste structura
de tip sandwich. Asadar, matricea celulozica — avand
compusul biologic deja inglobat — se interpune fintre
doua straturi ranforsante: unul din mesina porcina sau
din fesdturd de bumbac cu legatura panza, care sa
permita transferul facil dintre biocompozit si suprafata
plantara a piciorului, si unul din tesaturd de fibre de
carbon, cu rol de crestere a rezistentei subansamblu-
lui [3].

Intr-o alta lucrare [3], s-a studiat capacitatea de fixare a
unor compusi bioactivi (cloramfenicol, sulfatiazol si ni-
statin) pe un material compozit, obtinut din celuloza re-
generata (spongi), si s-a ajuns la concluzia ca fixarea
acestor compusi bioactivi este influentatd de structura
chimica a compusului si de concentratia acestuia in
solutia de tratare.

Imaginea macroscopica a acestor tipuri de compozite,
dupa tratarea cu agent bioactiv, este prezentata in
figura 3.

In lucrare este analizata capacitatea de absorbtie a apei
pentru o serie de materiale compozite folosite la fabri-
carea acoperisurilor de brant.

PARTEA EXPERIMENTALA

La realizarea experimentarilor, pe langa materialul com-
pozit obtinut conform tehnologiei prezentate in lucrarea
mentionata anterior, s-au utilizat un numar de 5 mate-
riale compozite clasice.

Materialul biocompozit folosit la fabricarea acoperisu-
rilor de brant, cu rol medical ortopedic, trebuie sa pre-
zinte o serie de proprietati, care sa raspunda in mod
optim la o serie de teste specifice acestui fabricat. O
proprietate foarte importantd pe care acoperisurile de
brant trebuie s-o indeplineasca, mai ales in cazul utili-
zarii acestora pentru tratarea sau profilaxia anumitor
afectiuni de la nivelul piciorului, o reprezintd capacitatea
de absorbtie de apa [4].

Fig. 3. Aspectul macroscopic al materialului compozit bioactiv
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Fig. 4. Acoperis de brant din celuloza presata, cu rol absorbant

Pentru a determina parametrii mentionati, s-a apelat la
metodologia recomandatd de standardele in vigoare, si
anume SR EN 12746:2000 si EN 12770:1999.

Inainte de a prezenta modalitatea de lucru, este nece-
sara definirea termenului de absorbtie a apei, care re-
prezintd cresterea masei pe unitatea de suprafata a
epruvetei, din cauza absorbiiei de apa in timpul unuia
sau a mai multor intervale de timp mentionate.

Aparatura utilizata

Pentru determinari gravimetrice, s-a utilizat o balanta de
laborator cu precizie de 0,01 g, pentru debitarea epru-
vetelor s-a utilizat un cuiit de forma patrata cu dimen-
siunile de 50 + 1 mm x 50 + 1 mm, stanta hidraulica,
hartie de filtru si apa distilatd. Cu ajutorul cutitului si a
stantei s-au debitat epruvete de forma patrata, cu di-
mensiunile de 50 £ 1 mm x 50 £ 1 mm, care apoi au fost
cantarite. Urmatoarea etapa a fost imersarea in apa a
epruvetelor timp de 6 ore. Dupa extragerea probelor din
apa s-a eliminat excesul de apa pe o hartie de filtru si s-
au refacut determinarile gravimetrice utilizand o balanta
cu precizie de 0,01 g. Intregul proces s-a desfasurat
in conditii atmosferice standard, la o temperatura de
20 + 2°C.

Interpretarea analitica a rezultatelor obtinute

Pentru determinarea absorbtiei W,, se utilizeaza

ecuatfia:
w, =Me=Mo [9/m?] (1)
A

in care:

M, reprezinta masa initiala a epruvetei, in stare us-
cata, g;

MF - masa finala a epruvetei, in stare umeda,
gi

A - aria epruvetei, m2.

Absorbtia de apa este exprimatd cu o exactitate de

Fig. 5. Acoperis de brant parfumat

Pentru a pune in evidenta proprietatile matricei celu-
lozice, exprimarea rezultatelor s-a realizat prin compa-
rafia cu epruvetele debitate din acoperisuri de brant,
confectionate din materiale clasice. Rezultatele obti-
nute, pentru fiecare grup testat, sunt prezentate in
tabelele 1-6. Testele s-au efectuat utilizand cate patru
probe din acelasi tip de material, care au fost notate
conform denumirii comerciale.

Acoperig de brant absorbant

Primul lot testat a fost format dintr-un acoperis de brant
cu proprietati absorbante, din celuloza presata cu fibre
de bumbac, produse de firma Classico din ltalia (fig. 4).
S-au analizat cate 4 probe din acelagi material.

W a oy =199,6 g/m® 2)

Acoperis de brant parfumat

Acoperisurile de bran{ din acest lot sunt produse de
firma italiana Classico si sunt structurate dintr-o spuma
poliuretanica, impregnata cu o substantd parfumata,
peste care este lipita o tesatura din bumbac cu legatura
panza, avand un rol estetic (fig. 5).

W A mediv = 2035,2 g/ m? (3)

Acoperig de brant termoizolant

Produsele din acest lot sunt alcatuite dintr-un strat de
spuma poliuretanica si un strat de material netesut din
fibre de lana si poliamida (fig. 6).

W 1reais = 3456,1g/m? (4)

Acoperig de brant din pluta

Acoperisurile de bran{ din acest lot sunt produse din-
tr-un strat de plutd, acoperit cu o tesatura cu legatura
panza (fig. 7).

— 2
1 g/mQ WA mediu ~ 22511 g /'m (5)
Tabelul 1 Tabelul 3
Lotul Nr. proba My, 9 Mg, g W,, g/m? Lotul Nr. proba My, 9 Mg, g w,, g/m?
Branturi Py 0,080 1,080 | 1888 L. P, 1,970 10,497 | 3410,8
Bl cico Py 0,603 1,130 210,8 clasitlze Py 1,954 10,383 3371,6
B orbante P 0,613 1,121 | 20,2 - B 1,935 | 11,022 | 36348
P, 0,618 1,107 195,6 P, 1,960 10,478 3407,2
Tabelul 2 Tabelul 4
Lotul Nr. proba My, g Mg, g W,, g/m? Lotul Nr. proba My, g Mg, g w,, g/m?
. P, 1,826 7,016 2 076 P, 1,492 2,041 219,6
Branturi !
B ico Py 1,837 7,148 2124,4 Branturi Py 1,465 2,041 230,4
B otc Py 1,811 6,966 2 062 din pluta Py 1,471 2,044 229,2
p P, 1,791 6,487 1878,4 P, 1,467 2,020 21,2
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Tabelul 5 Tabelul 6

Lotul Nr. proba My, 9 Mg, g W,, g/m? Lotul Nr. proba My, g Mg, g W,, g/m?
P, 0,967 2,171 481,6 Branturi P, 0,642 12,753 4 8444
Branturi Py 1,003 2,219 486,4 din Py 0,857 18,940 7 233,2
din mesina Py 1,067 2,385 527,2 B ozt Py 1,072 26,651 |10 231,6
P, 0,963 2,125 464,8 P, 1,092 25,614 9 808,8

Fig. 6. Acoperis de brant termoizolant

Fig. 8. Acoperis de brant din mesina

Acoperis de brant din megina (fig. 8)
W4 mediy =490 g/ m? 6)

Acoperig de brant din material compozit celulozic

Acest acoperis este un material biocompozit in care
s-au inglobat substante bioactive. El este realizat din
celuloza regenerata, de porozitate ridicata, intarita cu
tesatura din fibre de carbon (fig. 9).

WA meaiu = 8029,5 g/ m? (7)

Valorile foarte mari ale absorbtiei de apa se datoreaza
prezentei in structura materialului compozit a straturilor
de celuloza regenerata, de porozitate mare.

Raportul compozitiei celuloza/sare determina, de fapt,
densitatea spongilor. Cu cét procentul de celuloza este

Fig. 7. Acoperis de brant din pluta

Fig. 9. Acoperis de brant din compozit obtinut pe baza de celuloza
regenerata si compus bioactiv

mai scazut, cu atat densitatea spongilor este mai mica
si, prin urmare, capacitatea de absorbiie a apei este
mai mare. Acest lucru aratd ca densitatea spongilor
este un factor determinant pentru capacitatea de ab-
sorbtie a apei. De altfel, ambii parametri sunt foarte
importanti in cazul materialelor poroase.

Tmbunété’;irea proprietatilor mecanice ale spongilor co-
merciali se face cu proporiii diferite de fibre de bum-
bac, introduse in solutia de viscoza, pentru a consolida
materialul final. Rezultatele sunt prezentate in tabelul 7.
Este evident faptul ca densitatea spongilor este de-
pendenta in mod direct de procentajul fibrelor de
bumbac din material, in proportie de 20-60%. Can-
titatea maxima de bumbac creeaza o densitate de 0,07
g/cm3, iar cea minima o densitate de 0,05 g/cm?, ceea

Tabelul 7
Absorbtia de apa
Continutul de fibre Pozitia in spongi a fibrelor Densitatea IWR, PWR, PWR/IWR,
din bumbac din bumbac - spongilor, g/g compozit g/g compozit %
modul de reticulare g/cm?3 celulozic celulozic
20% perpendicular 0,049 25,4 1,45 5,7
neorientat paralel 0,050 23,9 1,84 7,71
valoare medie 0,050 24,6 1,82 7,38
40% perpendicular 0,053 25,4 2,79 10,98
neorientat paralel 0,060 22,8 2,13 9,35
valoare medie 0,056 241 2,47 10,26
40% perpendicular 0,067 172 2,37 13,53
orientat paralel 0,058 19,5 2,29 11,74
valoare medie 0,062 18,5 2,34 12,66
60% perpendicular 0,066 17,5 2,16 12,33
neorientat paralel 0,069 17 2,21 13,00
valoare medie 0,067 17,2 2,18 12,70
60% perpendicular 0,071 16,9 2,29 13,55
orientat paralel 0,075 16,7 1,92 11,50
valoare medie 0,073 16,8 2,11 12,563
60% perpendicular 0,070 16,8 1,92 11,43
fibre scurte paralel 0,089 17,7 1,95 11,00
valoare medie 0,079 17,2 1,95 11,32
industria textila 94 2010. vol. 61. nr. 2
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ce demonstreaza, de asemenea, o foarte buna capa-
citate de absorbtie a apei. Orientarea fibrelor nu mo-
difica iIn mod semnificativ densitatea spongilor con-
solidati cu fibre de bumbac, ci o maresc la o scard
neglijabila.

Pentru a determina rezultatele absorbtiei de apa in eta-
pa de purtare a produsului, s-a aplicat asupra com-
pozitului celulozic o presiune de 1,9 kg/cm2. Aceasta
este presiunea maxima exercitata de un adult, cu o
greutate corporalda de 70-80 kg, aflat in pozilia de
sprijin ortostatic bilateral, asupra acoperisurilor de
brant, si, prin urmare, in acest caz valorile absorbtiei de
apa sunt determinate in stare presata. Valorile ab-
sorbtiei de apa sunt raportate apoi la cele initiale,
tindndu-se cont si de procentajul de fibre de bumbac
aflat in componenta fiecarui lot de probe, dar si de
orientarea acestora [5].

Rezultate experimentale privind valorile initiale ale re-
tentiei de apa au fost raportate la cele obtinute imediat
dupa presare (tabelul 7). Rezultatele privind absorbtia
initiala de apa si dependenta acesteia de procentajul de
fibre de bumbac inclus pentru ranforsarea celulozei re-
generate analizate sunt ilustrate grafic in figura 10.

Din tabelul 7 se observa ca, desi imersat in stare
presata, materialul isi mentine proprietatile absorbante,
cu toate ca, asa cum se stie, dimensiunile cavitatilor
interioare se reduc drastic prin presare.

Pentru a exemplifica mai bine modul de exercitare a
presiunii la nivelul plantar, la un adult, in pozitie de
sprijin ortostatic bilateral, s-au realizat harii ale acestei
presiuni (fig. 11). Se observa ca variatiile de presiune
plantard sunt cuprinse intre 0 si 1,9 kg/cm?. Testele
de absorbtie s-au efectuat pentru valoarea maxima, iar
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materialul si-a pastrat conditiile absorbante si in aceste
conditi.

Pentru a compara capacitatea de absorbtie a compo-
zitului pe baza de celuloza cu cea a materialelor clasice
a fost necesara exprimarea absorbiiei in grame de apa
absorbitd pe mm?3 de proba.

Avand in vedere faptul ca materialul compozit pe baza
de celuloza absoarbe apa nu numai in functie de su-
prafata probei, ci si de volumul acesteia, pentru o
comparatie corecta intre capacitatile de absorbtie ale
materialelor compozite testate, s-a introdus un indice
care sa exprime absorbtia apei si pe unitatea de volum,
nu numai pe unitatea de suprafata.

In acest scop, s-a utilizat aceeasi ecuatie, cu raportare
la volum (1). Graficul de dependenta a absorbtiei pe
unitatea de volum, in functie de caracteristicile struc-
turale ale materialului, este prezentat in figura 12.

CONCLUZII

Lucrarea prezinta un compozit polimeric cu porozitate
ridicata, pe bazd de celuloza regeneratd si compusi
bioactivi, avand potentiale aplicatii in designul incal-
tamintei — pentru tratarea piciorului diabetic sau ca
element profilactic la nivelul piciorului. Substante me-
dicamentoase din clasa antibioticelor, sulfamidelor si
antimicoticelor au fost incluse in matricea celulozica
nemodificata sau oxidata. Gradul de retentie este de-
pendent de porozitatea si distributia dimensionald a
porilor acesteia, dar si de volumul molecular sau de
solubilitatea in etanol a compusilor bioactivi.

Raportul compozitiei celulozd/sare determina, de fapt,
densitatea spongilor. Cu cét procentul de celuloza este
mai redus, cu atat densitatea spongilor este mai mica
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si, prin urmare, capacitatea de absorbiie a apei este  caracteristici ale compozitului.

mai mare. In ceea ce priveste absorbtia de apa, compozitul celu-
In momentul simularii conditiei de purtare, in stare lozic prezintd un comportament de exceptie, demon-
presata, la presiune maxima, materialul sufera o strdnd ca este candidatul ideal — ca materie prima —
pierdere a capacitatii de absorbtie, insd se mentine pentru confectionarea acoperigurilor de brant, destinate
in parametri normali, ceea ce demonstreaza bunele bolnavilor de diabet.

BIBLIOGRAFIE

[1] Ciurea, J., Gheorghitad, E., Onose, G. Escarele de decubit — o actualizare a unei probleme vechi si solutii noi. in: Industria Textil3,
2009, vol. 60, nr. 5, p. 284

[2] Murariu, C. Rheological behavior of carbon fiber composites. 2" Young Researchers Conference on “FRP Reinforcement” —

Dibendorf, Switzerland, 17-18 January 2007 .

Murariu, C., Butnaru, R., Ciovicad, S., Murariu, A. Biocompozite polimerice cu aplicatii medicale. In: RSCC, 2008, vol. 8, nr.

3, p. 32

[4] Ando, H., Takamura, T., Nagai, Y. et al. Erythrocyte sorbitol level as a predictor of the efficacy of epalrestat treatment for
diabetic peripheral polyneuropathy. In: Journal Diabetes Complications. nov.-dec. 2006, vol. 20, nr. 6, p. 367

[6] Neu, H. C., Gootz, T. D. Antimicrobial Chemotherapy: Antimicrobial inhibitors of ribosome function. Baron's Medical Microbiology

(Baron S. et all, eds.), 4" ed. University of Texas Medical Branch, 1996

Murariu, A., Pielichowski, K., Ciovica, S., Murariu, C., Mocanu, C., Pielichowski, J. Pressure and water absorption

effects on a drug delivery matrix based on cellulose-poly (aspartic acid) composite material. In: Modern Polymeric Materials for

Environmental Application, 2006, vol. 2

[3

[6

Autori/Authors:

Drd. ing/Drd. eng. CIPRIAN MURARIU
Ing./Eng. MARTA HARNAGEA
Prof. dr. ing/Prof. dr. eng FLORENTINA HARNAGEA
Prof. dr. ing/Prof. dr. eng. ROMEN BUTNARU

Drd. chim./Drd. chem. ALINA MURARIU
Universitatea Tehnicd Gheorghe Asachi

Facultatea de Textile, Pielarie si Management Industrial
Bd. D. Mangeron nr. 53, 700050 lasi/

Gheorghe Asachi Technical University
The Faculty of Textiles, Leather and Industrial Management
53 D. Mangeron Bvd., 700050 lasi
e-mail:murake@murake.ro

Referentii articolelor publicate in acest numér al revistei INDUSTRIA TEXTILA/
Scientific reviewers for the papers published in this number:

Cerc. st. gr. | prof. dr. ing./Senior researcher prof. dr. eng. EFTALEA CARPU$
Cerc. st. gr. Il dr. ing./Senior researcher dr. eng. CARMEN MIHAI
Cerc. st. gr. Il dr. ing./Senior researcher dr. eng. IULIANA DUMITRESCU
Cerc. st. gr. lll dr. ing./Senior researcher dr. eng. ALINA POPESCU

Cerc. st. gr. lll dr. ing./Senior researcher dr. eng. ALEXANDRA-GABRIELA ENE

Cerc. st. gr. lll drd. ing./Senior researcher drd. eng. RADU POPESCU

Cerc. st. gr. Il ing./Senior researcher eng. MARIA DAN
Cerc. st. drd. ing./Senior researcher drd. eng. ANA MARIA MOCIOIU

De continutul articolelor raspund autorii!
Reproducerea integrald sau partiald a textelor sau ilustratiilor din revista ,Industria Textila“ nu se poate face decét cu acordul prealabil scris al autorilor.

Redactia revistei ,Industria Textila“ ii roaga pe autorii materialelor trimise spre publicare ca, in conformitate cu tema tratata, in referintele
bibliografice sa fie introduse articolele aparute in aceasta revista, in ultimii doi ani.

Revista ,INDUSTRIA TEXTILA“, Editura CERTEX - Institutul National de Cercetare-Dezvoltare
pentru Textile i Pielarie — Bucuresti

Redactia, administratia si casieria: Bucuresti, str. Lucretiu Patrdscanu nr. 16, sector 3, Tel.: 021-340.42.00, 021-340.02.50/226, e-mail:
certex@ns.certex.ro; Fax: +4021-340.55.15. Abonamentele se primesc la administratia revistei. Institutiile pot achita abonamentele in contul
nostru de virament: RO25RNCB0074029214420001 B.C.R. sector 3, Bucuresti. Costul unui abonament, in anul 2010, este de 163,5 lei,
cu TVA inclus — pentru persoane juridice si 60 lei, cu TVA inclus — pentru persoane fizice.

Lucrare executatd la S. P. <BUCURESTII NOI», str. Hrisovului nr. 18A, sector 1, Bucuresti, tel.: 667.64.28; 667.55.70; fax: 668.59.51

industria textila 96 I 2010. vol. 61. nr. 2



