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As generally known, wool fibers have more or less
yellow color due to the yellow colored products

which are generated by the degradation of some amino
acids forming macromolecules. However some of the
wool fibers are gray, brown or black. These colors,
which are not desirable, grow out of the pigments in the
cortex layer [1]. Sheep inherit the genes from their
parents that make its wool naturally colored. There are
many possible patterns: all white, several mixed
patterns including piebald and solid color. The color
can be black, dark or light grey, or dark or light brown
[2]. In protein fibers melanin pigment exists. Melanin is
a natural protein pigment, produced by specialized cells
called melanocytes. These cells are usually present in
the skin along the epidermal/dermal border, the outer
root sheaths and in the bulbs of wool and hair follicles
[3]. Melanins are classified into eumelanin, whose color
is black-brown to black, and pheomelanin, whose color
is yellow to red-brown [4]. Although there are some
studies in order to improve a genetic strain by selection,
pigmented wool fibers have an important portion among
the total production. For this reason evaluation of pig-
mented wools have great importance. The well-known
end-use of natural colored wool is handcrafts. Spin-
ners, weavers, felters and other wool crafters use the
wool from colored sheep for its natural look and its
absence of dye chemicals. Colored wool is also pro-
cessed by commercial manufacturers into yarn, and
may be made into woven or knitted garments, blankets
and rugs, and other items [5].

Nowadays, there is a lot of study on producing of na-
turally colored cottons, because these fibers are unique
in that they grow in colors and do not have to be dyed
in fabric manufacturing. Dyeing can be one of the most
costly steps in fabric finishing due to water and energy
use, and waste production. With naturally colored cot-
ton, textile mills can reduce processing costs by using
less water and energy. In spite of the aforementioned
economical and ecological benefits, natural colored
cotton is used by specific producers for niche market
goods [6, 7]. Although there are many studyes on the
production and the usage of naturally colored cotton
fibers, researches on naturally colored wool are con-
centrated on bleaching pigmented wool fibers [8â14],
but there is also opportunity to use them in their own
colors. By the way, the same advantages of naturally
colored cotton fibers will be obtained.    
In this research, the optimum method for bleaching
pigmented wool fibers was determined and dyeability of
these bleached fibers to various colors was examined.
Furthermore, the usage possibility of pigmented wool
fibers in their own colors (black, dark brown) by
homogenization of the color via dyeing was
investigated.

MATERIALS AND METHODS
Material used
In this research two pigmented wool fibers which are
black and dark brown were used, presented in table 1.
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Methods used
For all experiments soft water (0.5â1odH) was used
and each experiment was repeated twice. Experiments
were carried out by using thermal laboratory dyeing
machine in liquor ratio 1:40. After scouring, pigmented
wool fibers were partially bleached. The treatment
steps are given below: Scouring (S) → Mordanting (M)
→ Rinsing → Peroxide bleaching (PB) → Neutralization
with acetic acid.
According to the pre-experiments it was found that mor-
danting of fibers before the peroxide bleaching increa-
ses the whiteness degree, because by the effect of the
mordant, HO. and HO2. radicals are generated and
they decompose the pigments which give color to fi-
bers [1]. During the pre-experiments it was observed
that fibers are extremely damaged, if sequestering a-
gent is not used in peroxide bleaching which is done
after mordanting. The cause of this is the residue iron
ions of the mordanting process. By the effect of these
ions, hydrogen peroxide decomposes very rapidly
according to the radical chain mechanism. For this rea-
son, in the peroxide bleaching processes after mordan-
ting EDTA was used. Recipes of scouring, mordanting
and bleaching are given in table 2. There are two pos-
sibilities for enlarging the end-uses of pigmented wool
fibers via dyeing. The first one is to dye fibers into va-
rious colors after partially bleaching (scouring  mordan-
ting  peroxide bleaching), and the second one is to use
them in their own colors (black or brown).

Enlarging the end-uses of pigmented wools via
dyeing fibers after partially bleaching
In this experimental group, black and dark brown wool
fibers were dyed after scouring and scouring + mor-
danting + peroxide bleaching. The aim of this study is to
demonstrate the dyeing possibilities of fibers into
various colors after partially bleaching.

Enlarging the end-uses of pigmented wools via
using them in their own colors
In this experimental group, scoured black and dark
brown wool fibers were used. It is not possible to use
them directly in their own color; because the color of fi-
bers generally is not homogeneous (there can be diffe-
rences between fibers obtained from various sheep and
also fibers obtained from various parts of sheep). But
after the homogenization of the color via dyeing in the
presence of leveling agent, it will be possible to use
them in their own color. For this reason, black and dark
brown fibers were dyed with acid dyes in the presence
of anionic leveling agent. In this case, dye amount de-
sired for obtaining black or dark brown color will be
less than dyeing of white wool fibers into black or dark
brown. After dyeing K/S values of samples were mea-
sured from 30 different points of the samples (n = 30)
and levelness (L, %) values were calculated according
to the following formula (1):

(1)

where:
(K/S)i is the value of sampleÖs color strength measu-

red from one point;
(K/S) â the value of average of n measurements.
The higher L value means that the dyeing is more homo-
genous. When L = 100 dyeing is absolutely uniform,
when L = 0 dyeing is totally inhomogeneous.

Dyeing procedure
Dyeing was performed at 1:30 liquor ratio pH was
adjusted (for leveling acid dyes 2-3 with H2SO4, for mil-
ling acid dye 6â7 with CH3COOH) and then dye and
leveling agent (1%) were added into the liquor at the
beginning of dyeing at 50oC. Then temperature was
raised to boiling point and fibers were dyed for 60
minute. After dyeing, the dyed samples were rin-
sed with cold (5 minute) â warm (5 minute) â cold (5 mi-
nute) water respectively and dried. Dyestuffs used in
experiments are given in table 3. Dyestuffs were kindly
supplied by Dystar. Color strength and color diffe-
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Table 1

WOOL FIBERS

Wool Unbleached Partially bleached

Black fiber

Dark brown fiber

Table 2

RECIPES OF SCOURING, MORDANTING AND BLEACHING TREATMENTS

Scouring:
1 step: 2 g/l soda ash (pH 9.5) 50oC/15 min. + rinsing
2 step: 3 g/l soda ash, 3 g/l washing agent 50oC/15 min. + rinsing
3 step: 1 g/l soda ash + 1 g/l washing agent 50oC/15 min. + rinsing

Peroxide Bleaching Mordanting
30 ml/l H2O2 (35%) 1 g/l tetrasodiumpiroposphate 2% sodiumbisulphite
8 ml/l Na2SiO3 2 g/l organic 3% ferrous (II) sulphate
1.5 ml/l ammonia (pH 9) 2 ml/l Non-ionic wetting agent 1% amonium sulphate
1 g/l wool protective agent 4% formaldehyde (40%)
(Meropan TWS-B (CHT) 1 g/l wool protective agent
50 oC/1.5 hour                                                     1 g/l EDTA (Meropan TWS-B (CHT)
After bleaching, neutralization with acetic acid pH 5â6 (with CH3COOH) 95oC/1.5 hour



rences values of the dyed samples were measured by
X-rite spectrophotometer with 10o normal observer and
norm light D65. Color yields of the dyed samples were
calculated by Kubelka Munk equation (2):

(2)

where:
R is the reflectance at maximum absorption wave-

length, nm;
K â the absorption coefficient and S the scattering

coefficient. Color difference was expressed as
∆E using following equation (3): 

(3)

where:
∆E is the CIELAB color difference

between batch and standard;
∆L*, ∆a*, ∆b*, ∆E are in commensurate units.  
Washing fastness tests were carried out according to
the ISO 105 C06 standards by using Linitest (Atlas)
machine.

RESULTS AND DISCUSSIONS

When the pigmented wool fibers are dyed, even though
they up-take dye molecules, it canÖt change their color
as they are already in very deep and dark shade. And
hence desired colors can not be obtained on these
fibers. After partially bleaching of fibers, we can obtain
various colors via dyeing. For determining this pheno-
menon, the best way is to measure total color dif-
ference, ∆E, of dyed fibers by taking initial color of
fibers as reference. Higher ∆E values mean to be far
away from the fibers own color, in other words it means
that we can dye these fibers into another color. In table
4, experimental results of dyeing of bleached and un-
bleached black and dark brown fibers into various
colors are given.
As it can be seen from table 4, pigmented wool fibers
can be dyed into various colors after partially bleaching,
but after only scouring process it is not possible to dye
them into various colors. For example, ∆E value of sixth
sample, which was bleached before dyeing, is 35.79
and ∆E value of third sample, which was only scoured,
is 2.25. These results show that, it is not possible to
obtain red color on black fibers, but after partially
bleaching it is getting possible. The results of homo-
genization of the color of pigmented wool fibers via
dyeing in order to use them in their own colors (black
or brown) are given in table 5.

As it can be seen from table 5, after homogenization of
the color by dyeing in the presence of leveling agent, it
is getting possible to use them in their own color;
because without homogenization, the color is not com-
pletely level, and L value of the sample is low.
According to these results it can be said that, colors
which are obtained with high dye consumption, such as
black and brown, will be gained by using lower
amounts of dye. And hence, the cost advantage (due to
the lower dye consumption and cheaper raw material â

  
∆ ∆ ∆ ∆E L a b= ( ) + ( ) + ( )[ ]* * *

/2 2 2 1 2

  K S R R/ /= −( )1 22
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Table 3

DYES USED IN THIS STUDY

Leveling acid dyes Milling acid dye

Supracen Blue GE
(C.I. Acid Blue 66)
Supracen Yellow GR Supranol Black VL
(C.I. Acid Yellow 49) (C.I. Acid Black 26)
Supracen Red B
(C.I. Acid Red 42)

Table 4

COLOR MEASUREMENT RESULTS OF DYEING 
OF BLEACHED AND UN-BLEACHED BLACK AND DARK

BROWN FIBERS INTO VARIOUS COLORS

Dyes used in
Total color

Dyed wool No.
dyeing

Dyed samples difference,
∆E

1 1.5% Blue+ 2.60
+2.5% Red

Only 2 3% Blue+ 2.10
scouring +1% Yellow

3 2% Yellow+ 2.25
+2% Red

Black
4 1.5% Blue+

+2.5% Red 4.84
Scouring+
Mordan- 5 3% Blue+
ting+ +1%Yellow 14.18
Peroxide
bleaching

6 2% Yellow+
+2% Red 35.79

7 1.5 Blue+
+2.5% Red 11.42

Only 8 3% Blue+
scouring +1% Yellow 16.11

9 2% Yellow+
+2% Red 8.24

Dark 10 1.5% Blue+
brown +2.5% Red 18.46

Scouring+ 11 3% Blue+
Mordan- +1% Yellow 26.10
ting+
Peroxide
bleaching

12 2% Yellow+
+2% Red 28.36

Table 5

COLOR MEASUREMENT RESULTS OF HOMOGENIZATION
OF THE COLOR OF PIGMENTED WOOL FIBERS 

VIA DYEING

Dyes used Levelness
Dyed wool No. in dyeing Dyed sample value,

L*

Black 13 0.5% Black 95.02

0.5% Yellow +
Dark 14 + 0.5% Red + 94.31
brown +0.5% Blue

* L are values for untreated black and dark brown wool fibers are 81.17 and,
respectively, 80.62



pigmented wools are cheaper than white wools) and
also ecological advantage â due to lower waste load â
will be achieved. Washing fastness test results of
pigmented wool fibers are given in table 6.
When table 6 is examined, it can be concluded that
washing fastness properties of fibers are extremely
high. Normally, in such a dark shades it is very difficult
to obtain washing fastnesses like 4â5. The reason of
high washing fastness values is the usage of low dye
amounts for obtaining black and brown colors, because
in this situation the color of the fiber is not mainly
constructed by the dye which was up-taken by fiber,
but the pigments which exist in cortex layer.

CONCLUSIONS
According to the experimental results it was found that
black and brown colors can be obtained via homoge-
nization of the color of pigmented wool fibers, and it can
be said that this alternative is better than dyeing white
wool fibers into black or brown. This is a good alter-
native both for cost, washing fastness and ecology, but
it should be taken into consideration that there can be
sometimes differences in color of black and brown
fibers that are obtained from various sheep and for
homogenizing these differences dyeing conditions and
dye selection is very important.
Thanks to above mentioned partially bleaching and
dyeing treatments, end-uses of pigmented wool fibers
will enlarge. These fibers are generally separated as se-
cond quality and they have limited end-uses such as
rug, filling material, felt and exc., but after partially blea-
ching and dyeing, these fibers could also be used in
garments. As a result, their value added will increase.
When it is taken into consideration that the important
amount of wool fibers produced on the world is pig-
mented, the importance of this phenomenon can be
understood better.
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Table 6

WASHING FASTNESS RESULTS

Dyed No. Dyes used in WO PAC PES PA CO CAwool experiment

Black 13 0.5% Black 5 4â5 5 4â5 5 4â5
0.5% Yellow+

Dark 14 +0.5% Red+ 5 4â5 5 4 4â5 4â5
+0.5% Blue
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Prelucrarea industrial„ a materialelor textile este un
proces complex, Ón cadrul c„ruia finisarea chimic„

textil„ implic„ un mare consum de ap„, utilizat„ ca
mediu de transport al coloran˛ilor, auxiliarilor chimici ∫i
energiei termice. Din cauza volumului deversat ∫i a
faptului c„ circa 90% din apa consumat„ se folose∫te
Ón opera˛iile de prelucrare (tratare preliminar„, vopsire,
imprimare ∫i finisare final„), apele uzate generate de
industria textil„ au un grad ridicat de impurit„˛i, astfel c„
aceast„ industrie reprezint„ unul din cele mai poluante
sectoare economice. De aceea, industria textil„ a r„s-
puns cu o gam„ larg„ de modific„ri drastice ∫i inova˛ii
Ón generarea, tratarea ∫i reutilizarea apelor uzate [1, 2].
Produc„torii de coloran˛i au elaborat sisteme noi de
auxiliari de vopsire, cum ar fi: emulsificatori nederiva˛i
din alchil fenol, pigmen˛i f„r„ halogeni substitui˛i sau
metale grele, agen˛i de Ón„lbire f„r„ clor ∫i aglutinan˛i
sintetici, care reduc cantitatea de colorant rezidual. Œn
domeniul sintezei ∫i al aplic„rii coloran˛ilor organici, se
vizeaz„ Ónlocuirea produselor cu risc toxicologic, can-
cerigen ∫i mutagen [3].
Compozi˛ia ∫i, respectiv, gradul de poluare a apelor
uzate sunt reflectate Ón caracteristicile fizice, chimice,
biologice ∫i bacteriologice ale acestora.

Apa rezidual„ con˛ine impurit„˛i naturale extrase din
fibre ∫i procese chimice, precum: compu∫i organici,
s„ruri anorganice, coloran˛i ∫i metale grele. Œn general,
efluen˛ii sunt puternic colora˛i, boga˛i Ón BOD ∫i COD,
au o conductivitate ridicat„ ∫i sunt alcalini.
Din cauza prezen˛ei agen˛ilor poluan˛i Ón cantit„˛i ∫i
amestecuri extrem de variate Ón apele uzate, provenite
din industria textil„, este deosebit de dificil„ elaborarea
unor metode generale de epurare, fiind propuse sche-
me tehnologice Ón func˛ie de compozi˛ia ∫i structura
acestora, precum ∫i de mediul din care provin.
Progresele Ónregistrate pe plan mondial Ón sinteza, de-
terminarea structurii biopreparatelor enzimatice ∫i cu-
noa∫terea mecanismelor prin care pot avea loc pro-
cesele catalitice au dus la l„rgirea sferei de aplicare a
biotehnologiilor Ón procesele industriale textile, Ón scopul
elabor„rii unor tehnologii de finisare ecologic„, care s„
asigure o dezvoltare durabil„ [4â9].

PARTEA EXPERIMENTAL√

S-au propus dou„ domenii de prelucrare enzimatic„ a
materialelor textile din fibre naturale, respectiv:
● preg„tirea preliminar„ a ˛es„turilor din bumbac, res-

pectiv biocur„˛area cu pectinaz„ alcalin„ BioPrep
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Impactul tratamentelor enzimatice aplicate materialelor textile 
asupra apelor reziduale

LAURA CHIRIAC ALINA POPESCU

ABSTRACT â INHALTSANGABE

The impact of enzymatic treatments applied to textile materials on wastewaters
The paper presents experiments regarding the bio-cleansing of cotton and flax fabrics for the removal of the natural impurities of cellulose,
enzyme treatments for reducing the felting ability of wool fabrics, as well as enzymatic wash treatments of raw wool. The experimental samples
were treated with alkaline pectinase BioPrep 3000L and Scourzyme L â on cotton and flax fabrics, and with protease Perizym AFW and
lipolytic enzymes and Lipase G â on woolen fabrics. The determination of the influence that enzymatic products have on textile materials, as
well as the impact of the experimented biotechnologies on wastewaters were achieved through comparative analysis with the sample blank,
treated by conventional technologies.
Key-words: pectinase, proteases, lipolytic enzymes, biotechnologies, COD, BOD

Impakt der enzymatischen Behandlungen f¸r Textilmaterialien auf Abw‰sser
Die Arbeit umfasst Untersuchungen betreff der Bioreinigung der Baumwoll- und Leinengewebe f¸r die Entfernung der nat¸rlichen
Zellulosesubstanzen, der enzymatischen Behandlungen f¸r die Kapazit‰tsreduktion der Wollgewebe-Filzbildung und der enzymatischen
Reinigungsbehandlungen der Rohwolle. Die experimentellen Proben wurden durchgef¸hrt mit Hilfe der alkalinen Pektinasen BioPrep 3000L
und Scourzyme L â auf Baumwoll- und Leinengeweben, und mit der Protease Perizym AFW und der Lypolitischen Lipase G â auf
Wollgewebe. Die Bewertung des Einflusses der enzymatischen Produkten auf Textilmaterialien und der Impakt der experimentellen
Biotechnologien auf Abw‰sser wurden durch Vergleichsanalysen mit einer Musterprobe durchgef¸hrt, welche durch klassische Technologien
behandelt wurde. 
Schl¸sselwˆrter: Pektinase, Protease, Lipolitische Enzyme, Biotechnologien, COD, BOD

Tabelul 1

VARIANTE DE BIOCUR√fiARE CU SCOURZYME L

Varianta Scourzym L, Sandozin MRN, EDTA, pH-ul Temperatura, Timpul,
% g/l g/l oC min.

Ti 1 1 1 0,15 9 55 30

Ti 2 1,5 1 0,15 9 55 45

Ti 3 2 1 0,15 9 55 60

Ti 1¥ 1 1 0 9 55 30

Ti 2¥ 1,5 1 0 9 55 45

Ti 3¥ 2 1 0 9 55 60



3000L ∫i a celor din in, respectiv biocur„˛area cu pec-
tinaz„ alcalin„ Scourzyme L (tabelul 1), pentru Ón-
dep„rtarea impurit„˛ilor necelulozice; 

● tratamentele de finisare a materialelor din l‚n„ â
tratamentele enzimatice (cu proteaz„ Perizym AFW),
pentru reducerea capacit„˛ii de Ómp‚slire a ˛es„turilor
din l‚n„ ∫i sp„larea l‚nii brute cu enzime lipolitice â
Lipase G 1000 (tabelul 2).                

S-au experimentat biotehnologiile elaborate, at‚t pe
aparatur„ de laborator, c‚t ∫i pe aparatur„ specific„
sectorului industrial, ∫i anume: 
● Experiment„ri efectuate cu produse enzimatice, pe

˛es„turi din bumbac (fig. 1â5)
â descleierea enzimatic„, P1;
â descleierea, biocur„˛area Ón faze succesive, P2;
â descleierea, biocur„˛area/albirea Ón aceea∫i flot„,

P3;

â descleierea/biocur„˛area Ón faz„ concomitent„, P4 ;
â descleierea, biocur„˛area, albirea Ón faze succesi-

ve, P5;
â descleierea/biocur„˛area Ón faz„ concomitent„, al-

birea, P6; 
â fierberea alcalin„, PFA;
â albirea clasic„, P0.

● Experiment„ri efectuate cu produse enzimatice, pe
˛es„turi din in (fig. 6)
â descleierea enzimatic„, Ti .

● Tratamente de reducere a capacit„˛ii de Ómp‚slire
(fig. 7)
â tratarea antiÓmp‚slire cu Perizym AFW, A1;
â tratarea antiÓmp‚slire clasic„, A2.

● Sp„larea l‚nii brute (tabelele 3 ∫i 4).                
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Tabelul 2

SP√LAREA L¬NI I  BRUTE CU PRODUSE ENZIMATICE LIPOLITICE

Varianta Nr. Megapal VA, Na2CO3, Lipase G 1000, pH-ul Temperatura,
bazinului g/l g/l g/l oC

1 0,5 2 â 9,5â10 45

2 2,5 2 â 10 50

S1 3 â â 4 9,5 52

4 â â 3 9,5 50

5 â â â 8 45

6 â â â 7,5 35

Fig. 1. Biocur„˛area Fig. 2. Biocur„˛area/albirea

Fig. 3. Descleierea/biocur„˛area Fig. 4. Fierberea alcalin„

Fig. 5. Albirea clasic„ Fig. 6. Biocur„˛area



â sp„larea l‚nii brute cu produse enzimatice lipolitice
(Lipase G 1000), S1;

â sp„larea l‚nii brute cu re˛eta clasic„, S2 .
Pentru evaluarea performan˛elor calitative ob˛inute prin
aplicarea biotehnologiilor de prelucrare a materialelor
textile din fibre naturale, au fost efectuate determin„ri
fizico-chimice calitative ∫i cantitative, determin„ri fizi-
co-mecanice ∫i m„sur„tori de culoare. Œn tabelele 4â5 
sunt prezentate caracteristicile fizico-chimice ∫i fizico-
mecanice ale ˛es„turilor din bumbac ∫i in, tratate cu
produse enzimatice, comparativ cu cele tratate prin
metode clasice, iar Ón tabelul 6 caracteristicile fizico-
mecanice ale ˛es„turilor din l‚n„, tratate antiÓmp‚slire
cu produse enzimatice ∫i, respectiv, clasice.
Pentru aprecierea gradului de Ónc„rcare a flotelor rezi-
duale, rezultate de la cur„˛area materialelor textile din
bumbac ∫i in cu produse enzimatice de tip pectinaz„,
comparativ cu cele rezultate Ón urma cur„˛„rii chimice
clasice â cu sod„ caustic„, s-au determinat consumul
chimic de oxigen (CCOCr), surfactan˛i neionici, fosfa˛i

(PO4
3â), sulfa˛i (SO4

2â) ∫i concentra˛ia ionilor de hidro-
gen (pH-ul). Determin„rile s-au efectuat Ón cadrul labo-
ratorului de chimie textil„ al I.N.C.D.T.P. â Bucure∫ti,
cu ajutorul urm„toarelor aparate: fotometrul de labo-
rator àPhotoLab SpektralÜ, termoreactorul CR 2200
(firma produc„toare WTW â Germania) ∫i pH-metrul
electronic.
Indicatorii de calitate a apelor reziduale rezultate din
procesele de tratare a ˛es„turilor din bumbac sunt pre-
zenta˛i comparativ Ón tabelul 7, iar ai celor de in Ón ta-
belul 8. Caracteristicile fizico-mecanice ale apelor rezi-
duale rezultate din procesele de tratare enzimatic„ a
˛es„turilor din l‚n„ cu Peryzim AFW, comparativ cu
varianta clasic„ de tratate antiÓmp‚slire, sunt prezentate
Ón tabelul 9, iar cele rezultate din procesele de sp„lare
a l‚nii brute Ón tabelul 10.
Pentru aprecierea gradului de poluare a flotelor rezi-
duale provenite de la tratarea antiÓmp‚slire a materia-
lelor din l‚n„ 100% cu enzime proteolitice ∫i de la
sp„larea l‚nii brute cu enzime lipolitice, s-au selec˛ionat
variantele optime de tratare ∫i s-au efectuat analize de
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Tabelul 3

SP√LAREA L¬NI I  BRUTE CU REfiETA CLASIC√

Varianta Nr. Megapal VA, Na2CO3, pH-ul Temperatura,
bazinului g/l g/l oC

1 0,5 2 9,5â10 45
2 4,5 2 10 50

S2
3 4 2 10 50
4 â â 8 45
5 â â 7,5 40
6 â â 7 30

Tabelul 4

CARACTERISTICI  F IZICO-CHIMICE COMPARATIVE ALE fiES√TURILOR DE BUMBAC, TRATATE ENZIMATIC ™I  CLASIC

Con˛inutul Con˛inutul Con˛inutul Hidrofilia,
Gradul de alb

Proba de amidon, de ceruri, de pectine, sec. Berger ISO 105-J02note % %

PFA 9 0,47 0,2 < 1 sec. 30,92 30,92

P0 9 0,24 0,14 < 1 sec. 59,13 61,23

PC 2 â â > 10 min. 24,16 20,00

P1 5 0,99 0,98 4 sec. 20,43 14,80

P2 7â8 0,41 0,57 < 1 sec. 21,06 16,55

P3 9 0,34 0,23 < 1 sec. 54,40 56,94

P4 4â5 0,54 0,69 < 1 sec. 22,17 17,32

P5 9 0,35 0,24 < 1 sec. 58,61 61,15

P6 9 0,36 0,21 < 1 sec. 53,90 56,62

Tabelul 5

CARACTERISTICI  F IZICO-MECANICE ALE fiES√TURILOR DIN IN,  TRATATE ENZIMATIC ™I  CLASIC

Caracteristica Martor FA Ti 1 Ti 2 Ti 3 Ti 1¥ Ti 2¥ Ti 3¥

Masa, g/m2 207 208 205 213 211 207 209 210
Desimea, fire/10 cm,
U 193 195 194 199 197 194 195 199
B 195 193 195 196 196 196 193 193
Rezisten˛a la trac˛iune, N
U 598 773 802 814 805 772 770 764
B 673 832 853 865 853 834 830 833
Alungirea la rupere, %
U 19,9 21,6 23,6 24,7 24,3 21,6 21,0 20,5
B 12 12,1 13,7 14,1 13,9 12,22 12,12 11,9
Rezisten˛a la sf‚∫iere, N 35,6 35,3 36 37,8 36,9 35,2 35,5 35,4

Fig. 7. AntiÓmp‚slirea cu Perizym AFW



laborator, prin care s-au determinat: consumul chimic
de oxigen (CCOCr), consumul biochimic de oxigen
(CBO5), con˛inutul de substan˛e extractibile Ón eter de
petrol, reziduul fix.
Determin„rile s-au efectuat pentru flotele reziduale ob˛i-
nute Ón urma tratamentelor enzimatice ∫i, respectiv, ale
tratamentelor clasice, Ómpreun„ cu flotele reziduale de
la cl„tirile ulterioare.

REZULTATE ™I DISCUfiII
Analizele fizico-chimice ∫i fizico-mecanice efectuate pe
materiale textile din fibre naturale tratate enzimatic,
comparativ cu tratamentele clasice de prelucrare, pre-
cum ∫i analizele principalilor indicatori de calitate a
apelor reziduale au dus la urm„toarele concluzii:
● biocur„˛area materialelor textile din bumbac

â procesele enzimatice P3 (descleiere-biocur„˛are/
albire Ón aceea∫i flot„), P5 (descleiere â biocur„˛a-

re â albire Ón faze succesive) ∫i P6 (descleiere/bio-
cur„˛are Ón aceea∫i flot„ â albire) duc la ob˛inerea
unui grad de alb comparabil cu cel ob˛inut prin
tratamentul clasic de preg„tire preliminar„ P0 (des-
cleiere â fierbere alcalin„ â albire);

â valorile analizelor de hidrofilie au eviden˛iat faptul
c„ toate variantele de tratare enzimatic„ asigur„ o
capacitate de umectare foarte bun„ (< 1 sec.),
corespunz„toare desf„∫ur„rii Ón bune condi˛ii a tra-
tamentelor ulterioare de finisare;

â variantele experimentate de descleiere, biocur„-
˛are, albire duc la Óndep„rtarea eficient„ a ami-
donului de pe ˛es„tur„; 

â tratamentul de descleiere-biocur„˛are Ón faze suc-
cesive (varianta P2) determin„ sc„derea con˛inu-
tului de ceruri cu aproximativ 13%, fa˛„ de trata-
mentul clasic de descleiere, fierbere alcalin„ (vari-
anta PFA); tratamentele enzimatice de descleiere,
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Tabelul 6

SP√LAREA L¬NI I  BRUTE CU REfiETA CLASIC√

fies„tur„ fies„tur„ fies„tur„
Caracteristici piuat„ tratat„ tratat„ clasic/

enzimatic/ finisat„ final

Masa, g/m2 237 225 238
Desimea, fir/10 cm
U 232 240 250
B 278 278 276
Rezisten˛a la trac˛iune, daN
U 30,1 24,2 31,9
B 31,3 24,8 30,9
Rezisten˛a la trac˛iune
recalculat„, N/100 fire
U 25,94 20,16 25,52
B 22,51 17,84 22,39
Alungirea la rupere, %
U 31,4 17,4 26,1
B 36,4 29,2 35,8
Efectul de piling, note â
Martindale
1 000 de cicluri â 3â4 3â4
2 000 de cicluri â 4â5 3â4
Modificarea dimensional„
la sp„lare IWS TM 31:
Relaxare
U +1,5 +4,7
B +2,6 â0,7
Œmp‚slire
U +8,8 +6,6
B +8,8 +6,5
Aria, % 16,82 12,67
Modificarea dimensional„ la
sp„lare SR 6484-95:
Aria, % â7,83 â5,85

Tabelul 7

CARACTERIZAREA COMPARATIV√ A INDICATORILOR DE CALITATE A APELOR REZIDUALE REZULTATE DE LA
PREG√TIREA fiES√TURILOR DIN BUMBAC

P clasic P2 P3 P4 P5 P6
Indicatorul Descleiere, Descleiere, Descleiere, Descleiere, Descleiere, Descleiere, Metoda
de calitate fierbere alcalin„ biocur„˛are biocur„˛are, biocur„˛are biocur„˛are biocur„˛are, de analiz„

albire albire albire

pH, unit„˛i pH 11,2 7 8,5 7,2 7,8 8,2 SR ISO
10523-9

CCOCr, mg/l 2 198 1 410 1 812 1 526 1 763 1 613 SR ISO
6060/96

Tenside neionice, 17,98 161,51 182,9 150,61 175,66 189,41 SR ISO
mg/l 7875/96
So4

â2 65 65 70 65 60 65 STAS
8601-70

Po4
â3 13,9 2,1 7,5 2,6 7,6 7,8 â

Tabelul 8

CARACTERIZAREA COMPARATIV√ A INDICATORILOR 
DE CALITATE A APELOR REZIDUALE,  

REZULTATE DE LA PREG√TIREA fiES√TURILOR DIN IN

Indicatorul Proba clasic„ Proba tratat„ Metoda
de Fierbere enzimatic, de

calitate alcalin„, albire albire analiz„

pH, unit„˛i pH 11,8 8,1 SR ISO 10523-97
CCOCr, mg/l 1 618 1 245 SR ISO 6060/96
Detergen˛i 15,23 161,23 SR ISO 7875/96
sintetici
biodegradabili
neionici, mg/l
So4

â2, mg/l 65 65 STAS 8601-70
Po4

â3 14,1 7,6 â

Tabelul 9

CARACTERISTICILE FIZICO-CHIMICE COMPARATIVE
ALE APELOR REZIDUALE REZULTATE DE LA TRATAREA

ANTI ŒMP¬SLIRE ENZIMATIC√ ™I  CLASIC√

Tratarea antiÓmp‚slire

A1
Indicatorul de calitate enzimatic„ A2 Standardul

cu Peryzim clasic„
AFW

CBO5, mg/l 560,1 809,1 STAS 6560-82
CCOCr, mg O2/l 752,1 951,1 SR ISO 6060-96
Substan˛e extractibile 52 40 STAS 7587-96
Ón eter de petrol, mg/l
Reziduu fix, mg/l 2 246 7 016 STAS 3638-76



biocur„˛are, albire (variantele P3, P5, P6) sunt mai
pu˛in eficiente dec‚t varianta clasic„ de descleiere,
fierbere alcalin„, albire, Ón ceea ce prive∫te con-
˛inutul de ceruri;

â variantele de descleiere, biocur„˛are determin„ sc„-
derea eficacit„˛ii Óndep„rt„rii pectinelor, comparativ
cu varianta clasic„ de descleiere, fierbere alcalin„;
opera˛ia ulterioar„ de albire contribuie la Óndep„r-
tarea de pe ˛es„tur„ a pectinelor remanente, ajun-
g‚nd la valori comparabile cu ˛es„tura prelucrat„
clasic; 

â masa ∫i desimea variantelor tratate enzimatic au
valori comparabile cu cele ob˛inute Ón tratamentul
clasic;

â rezisten˛a la trac˛iune este mai mare Ón cazul
variantelor tratate enzimatic, comparativ cu trata-
mentul clasic, ceea ce demonstreaz„ c„ aceste
tratamente sunt mai pu˛in agresive pentru fibra de
bumbac;

â alungirea la rupere este mai mare Ón cazul tra-
tamentelor enzimatice, comparativ cu tratamentul
clasic;

â toate procedeele de tratare enzimatic„ a materia-
lelor textile din bumbac duc la eliminarea con-
˛inutului de hidroxid de sodiu din flotele reziduale ∫i
la reducerea consumurilor de energie/ap„;

â prin utilizarea tratamentelor enzimatice se constat„
o sc„dere cu 18â36% a valorilor CCOCr din ape-
le uzate, comparativ cu tratamentele clasice.

● biocur„˛area materialelor textile din in
â cre∫terea concentra˛iei de produs enzimatic

Scourozyme L nu duce la o cre∫tere propor˛ional„
a cantit„˛ii de ceruri Óndep„rtate de pe materialul
din in. O Ómbun„t„˛ire a Óndep„rt„rii cerurilor se
ob˛ine Ón cazul unei durate a tratamentului de 60 de
minute, a unui pH 9 ∫i a unei temperaturi de 55oC;

â cre∫terea concentra˛iei de produs enzimatic duce
la sc„derea propor˛ional„ a cantit„˛ii de pectine
Óndep„rtate de pe materialul din in, Ón variantele 
Ti1, Ti2 ∫i Ti3. Œn cazul variantelor Ti1¥ , Ti2¥ ∫i Ti3¥ â
f„r„ adaos de EDTA â se constat„ o cre∫tere a

cantit„˛ii de pectine Óndep„rtate, la o concentra˛ie
medie de produs enzimatic (1,5%);

â gradul de Óndep„rtare a con˛inutului de lignin„ ∫i
gradul de alb al ˛es„turilor tratate enzimatic sunt
comparabile cu cele ale ˛es„turilor finisate clasic;

â utilizarea unor cantit„˛i mari de enzime duce la cre∫-
terea gradului de alb;

â capacitatea de umectare, Ón cazul tuturor varian-
telor experimentate, este foarte bun„;

â caracteristicile fizico-mecanice ale ˛es„turilor din in
tratate enzimatic sunt Ómbun„t„˛ite comparativ cu
cele tratate prin re˛eta clasic„;

â toate variantele de biocur„˛are cu pectinaz„ alca-
lin„ duc la eliminarea con˛inutului de hidroxid de
sodiu din flotele reziduale, la reducerea consu-
murilor de energie/ap„ ∫i la reducerea duratei to-
tale a procesului de preg„tire preliminar„;

â prin utilizarea tratamentelor enzimatice, valoarea
CCOCr scade cu cca 23%, fa˛„ de tratamentele
clasice;

â valorile CCOCr din apele reziduale rezultate Ón
urma proceselor de cur„˛are a ˛es„turilor din bum-
bac sunt mai mari dec‚t Ón cazul celor din in, din
cauza cantit„˛ii mari de materii poluante din ope-
ra˛ia de descleiere.

● biotehnologii de tratare antiÓmp‚slire a materialelor
din l‚n„
â tratamentul cu proteaz„ duce la sc„derea con-

trac˛iei prin Ómp‚slire cu cca 25%, comparativ cu
martorul netratat; de asemenea, se reduce tendin˛a
de formare a pilingului;

â dup„ tratarea enzimatic„, rezisten˛a la trac˛iune sca-
de cu cca 20% pe direc˛ia urzelii ∫i a b„t„turii; 

â concentra˛ia substan˛elor organice consumate de
c„tre microorganisme (CBO5) este mai mic„ cu
cca 30%, iar cea a substan˛elor organice totale din
apa rezidual„ (CCOCr) este mai mic„ cu cca
21%, Ón compara˛ie cu cea din apele provenite de
la tratarea antiÓmp‚slire clasic„;

â con˛inutul de substan˛e anorganice (reziduuri fixe)
este mai mic cu cca 68%, fa˛„ de tratarea clasic„;

â con˛inutul de substan˛e extractibile Ón eter de petrol
este mai mare dec‚t Ón cazul variantei clasice de
tratare, din cauza produsului utilizat de c„tre pro-
duc„torul de enzime pentru stabilizarea sa.

● sp„larea l‚nii brute cu produse enzimatice lipolitice
â apele reziduale rezultate de la sp„larea enzimatic„

a l‚nii brute, prezint„ valori ale CBO5 ∫i CCOCr
mai mici cu cca 40%, comparativ cu sp„larea cla-
sic„;

â con˛inutul de substan˛e extractibile Ón eter de petrol
este mai mic cu 67,7%;

â con˛inutul de substan˛e anorganice este compa-
rabil cu cel din varianta clasic„.
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Tabelul 10

CARACTERISTICILE FIZICO-CHIMICE
ALE APELOR REZIDUALE,  REZULTATE DE LA SP√LAREA

L¬NI I  BRUTE

Sp„larea l‚nii brute

Indicatorul de calitate S1 S2 Standardul
enzimatic„ clasic„

CBO5, mg/l 585,3 1 060,2 STAS 6560-82
CCOCr, mg O2/l 785,2 1 404,6 SR ISO 6060-96
Substan˛e extractibile 40 124 STAS 7587-96
Ón eter de petrol, mg/l
Reziduu fix, mg/l 3 334 3 242 STAS 3638-76
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Œn perioada 12â15 ianuarie 2011, va avea loc T‚rgul
interna˛ional comercial pentru textile contractuale ∫i
de cas„, HEIMTEXTIL, organizat de Messe Frgankfurt
Exhibition GmbH, Ón Frankfurt/ Germania.
Cei mai importan˛i actori industriali vor fi prezen˛i la
Frankfurt Ón luna ianuarie 2011. Printre numele celebre
din domeniul textilelor pentru cas„, care ∫i-au anun˛at
deja participarea, se num„r„: Kadeco, MHZ, Erfal,
Rasch and Albani, Marburger Wallpapers, membri ai
Deco Teams, precum ∫i mul˛i furnizori interna˛ionali. 
Œn cadrul sortimentului de articole pentru pat, baie ∫i
fe˛e de mas„, printre companiile participante se num„r„
Frankenstolz, Schlossberg, Gebr¸der Sanders, Bade-
nia, Fratelli Graziano, Christian Fischbacher, Elegante,
Cawˆ Textil ∫i Vossen. 
Œncep‚nd cu anul 2007, Heimtextil a pus un accent
deosebit pe durabilitate, un concept-cheie al mani-
fest„rilor organizate, care se va men˛ine ∫i Ón 2011.
àExist„ numero∫i expozan˛i care ofer„ produse prie-
tenoase mediului ∫i care respect„ cerin˛ele standar-
delor interna˛ionale Ón ceea ce prive∫te produc˛ia ∫i
responsabilitatea social„... Durabilitatea este de mare
importan˛„ pentru t‚rgurile textile, de aceea ea
reprezint„ un subiect pe care inten˛ion„m s„-l punem ∫i
mai mult Ón eviden˛„ Ón viitorÜ â afirma Olaf Schmidt,
vicepre∫edinte al Messe Frankfurt pentru t‚rguri textile.
Œn anul 2010, Messe Frankfurt a solicitat un studiu de
pia˛„ privind textilele durabile, ale c„rui rezultate au
ar„tat c„ pia˛a textilelor durabile din gama articolelor
pentru pat ∫i pentru baie se situeaz„ Óntre 40 ∫i 80 de
milioane de euro numai Ón Germania ∫i, respectiv, la cca
400 de milioane de euro Ón Europa ∫i America de Nord. 
Tema sustenabilit„˛ii este extrem de important„ pentru
acest t‚rg, motiv pentru care aceasta va fi abordat„ ∫i
Ón cadrul urm„toarei edi˛ii a Heimtextil. Œn compara˛ie cu
produsele conven˛ionale, textilele durabile pentru cas„

prezint„ caracteristici func˛ionale ∫i ecologice deose-
bite, o calitate superioar„ ∫i sunt realizate Ón condi˛ii de
lucru Ómbun„t„˛ite. Tema durabilit„˛ii va de˛ine un loc
important ∫i Ón cadrul unor evenimente ∫i prezent„ri
speciale.
Potrivit aceluia∫i studiu, se estimeaz„ o rat„ a cre∫terii
anuale de aproximativ 10%, pentru acela∫i tip de arti-
cole, ceea ce ar duce la o evaluare a pie˛ei germane
situate Óntre 50 ∫i 130 de milioane de euro p‚n„ Ón
2015. Europa â reprezentat„ prin ˛„ri precum Ger-
mania, Fran˛a ∫i Benelux â constituie for˛a motrice a
pie˛ei de textile durabile pentru cas„, la care se adaug„
pie˛e cu o cre∫tere important„, cum ar fi cele din
Australia ∫i Canada.
Pentru a veni Ón sprijinul cump„r„torilor, organizatorii
t‚rgului ∫i-au declarat inten˛ia de a realiza un Ghid al
produc„torilor, respectiv al produselor realizate prin
metode compatibile cu principiile ecologice, astfel Ón-
c‚t, Ón viitor, ace∫tia s„ le poat„ g„si rapid ∫i u∫or. 
Un astfel de ghid a mai fost realizat ∫i Ón cazul altor
t‚rguri, de exemplu Texworld garment-fabric fair in
Paris, care s-a dovedit a fi un instrument de succes. 
De asemenea, va exista un program complementar,
care se va extinde de la durabilitate la afacerile con-
tractuale ∫i la promovarea tinerelor talente. 
Œn parteneriat cu publica˛ia de arhitectur„ AIT, orga-
nizatorii Heimtextil au pus accent pe cre∫terea pie˛ei
contractelor de afaceri ∫i au proiectat, Ón cadrul
expozi˛iei, un spa˛iu special ÜLetÖs have a lookÜ pentru
Ónt‚lniri ale celor ce activeaz„ Ón domeniile administrativ,
spitalicesc, hotelier, al restaurantelor, al serviciilor de
Óngrijire ∫i reabilitare etc., precum ∫i centre de con-
ferin˛e ∫i congrese. Crea˛iile contractuale tematice vor
fi revizuite prin intermediul lecturilor, al prezent„rilor
speciale, al concursurilor.
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FLEXIBILITY IN GARMENTS PRODUCTION

The evolution coordinates of garment production
(varied products, in small series, tight delivery

deadlines) circumscribed to the criteria of the global
economic environment, call for a better adaptability,
quality, promptness and efficiency [1]. In this context,
flexibility is regarded as an indicator of agility, defined
by the ability to act in a profitable way, in a continuously
changing environment. Flexibility has become the goal
of every production system, due to the ever more pre-
sent need of adaptation to the internal and international
competition level [2, 3]. 
For the market of fashion products, that are indivi-
dualized and custom-made, flexibility offers the ability to
generate great variety with small effort. Within flexible
systems, many of the performance coordinates may be
adjusted at the operational level and rectified on time.
The flexibility concept implies the improvement of the
work systems, through the efficiency of their functio-
ning, along with boosting the product performan-
ces [4]. 

PARTICULARITIES OF GARMENT WORK SYSTEMS
FLEXIBILITY

In the garments industry, flexibility has become es-
sential, making the garment manufacturer to direct his
actions towards achieving the optimal level of flexibility,
following such coordinates as variety, quantity, costs,
and delivery times. The flexibility degree is the measure

of concordance between the command generated
demands and the work system capabilities.
The development of work systems flexibility 
for garment manufacturing
Considering the work system flexibility for garment ma-
nufacturing, as the capacity to adapt in efficiency con-
ditions, to the outcoming changes from figure 1 catches
the general plan of approach for this concept. Envi-
sioning this through the schematic approach of figure 1,
the work system flexibility is seen as an interface ex-
pressing the degree of concordance between the evo-
lutionary demands of the commands and its potential
concerning quality and quantity. 
In this context, the methodology of assuring the work
systems flexibility has two converging, interdependent
key components (fig. 1):
● approach flexibility of the command generated work

tasks;
● approach flexibility of the production means.
The effects of these approaches reside in ensuring the
necessary conditions able to support the flexibility of the
system:
● flexible process-tasks; 
● polyvalent executants and work means factors; 
● multi-competent executants and work means factors;
● adequate payment structure.
Flexibility resources at the work system level
The production systems adaptation to the demands is a
result of the flexibility the involved resources possess.

Flexibility in technological process design â a key factor 
for developing new generations of textile equipments 

based on intelligent mechatronic systems
PULFERIA NICOLAIOV LUCIAN CONSTANTIN HANGANU
CARMEN LOGHIN

REZUMAT â ABSTRACT â INHALTSANGABE

Flexibilitatea proiect„rii proceselor tehnologice â un factor-cheie Ón dezvoltarea noilor genera˛ii de echipamente textile 
bazate pe sisteme mecatronice inteligente

Œn contextul evolu˛iei cererilor permanente de echipamente textile bazate pe sisteme mecatronice inteligente, cheia competitivit„˛ii produ-
c„torilor de confec˛ii o constituie flexibilitatea proceselor tehnologice. Principalul obiectiv al lucr„rii este acela de a propune o metodologie de
abordare gradat„ ∫i sistematic„ a flexibilit„˛ii ∫i a proiect„rii tehnologice bazat„ pe: similitudinea dintre structura produsului ∫i procesul de
fabrica˛ie, o concep˛ie modular„ privind structurarea proceselor ∫i a sarcinilor de lucru, baze de date tehnologice adecvate.
Cuvinte-cheie: confec˛ii, procese, tehnologie, concep˛ie modular„, sisteme mecatronice inteligente

Flexibility in technological process design â a key factor for developing new generations of textile equipments 
based on intelligent mechatronic systems 

In the context of constant increased demands of textile equipments based on intelligent mechatronic systems, the key of competitiveness for
the garment manufactures is the flexibility of their technological processes. The paperÖs main objective is to propose a methodology of gradual
and systematic approach of flexibility and technological design based on â product structure and manufacturing process similitude, a modular
conception regarding processes and working tasks structuring, adequate technological databases.
Key-words: garments, processes, technology, modular conception, intelligent mechatronic systems 

Die Flexibilit‰t des Entwurfs technologischer Prozesse â ein Erfolgsfaktor in der Entwicklung einer neuen Generation von textilen
Ausr¸stungen aufgrund intelligenter mechatronischen Systeme

Im Kontext der Entwicklung einer stetigen Nachfrage um textile Ausr¸stungen aufgrund intelligenter mechatronischen Systeme, wird der
Erfolgsfaktor der Bekleidungshersteller von der Flexibilit‰t der technologischen Prozesse gebildet. Das Hauptobjektiv der Arbeit ist eine
stufenweise und systematische Ansatzmethodologie der Flexibilit‰t des technologischen Entwurfs, aufgrund: der ƒhnlichkeit zwischen der
Produktstruktur und dem Fabrikationsprozess; einer modularen Konzeption betreff der Prozess- und Arbeitsaufgabenstruktuierung; einer
angemessenen technologischen Datenbasis. 
Schlusselwˆrter: Bekleidung, Prozesse, Technologien, Modulare Konzeption, intelligente mechatronische Systeme
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While envisioning the client-oriented production con-
cept, in order to ensure functional flexibility and opera-
tional mobility to the work systems, manufacturers have
particular adequate resources:
● technological design;
● group technology;
● reviewing the work division, from mono-valence to

poly-valence, opened to poly-competence; 
● motivation of performance development, by adequate

payment structuring.
As exploitation methods for the resources mentioned,
with the purpose to provide flexibility to the work sys-
tems, the following stand out:

● identifying the new and the stable elements at the
order level;

● establishing and exploiting databases;
● correlate the production and the launching programs

with the work systems potential;
● choose the appropriate work systems adequate to

the order, relying on technological and organizational
criteria.

Among the operational instruments that are useful for
the flexibility of the work systems, there are:
● the constructive-technological analysis of the orders;
● the modular technological design;

158industria textil„ 2010, vol. 61, nr. 4

Fig. 1. Approach for ensuring flexibility in garment manufacturing



● the organizational structuring of the work systems
according to technological criteria, at the level of the
order, session or season; 

● the development of the work system potential by
maximizing the degree of adequacy to the order ge-
nerated tasks;

● assuring the technical conditions fostering the use of
the performance offer, by optimizing the configuration
of the work systems;

● the flexibility at the human factor level by investments
in permanent training programs, ensuring the balance
between technical competences and work moti-
vation.

TECHNOLOGICAL DESIGN â RESOURCE OF
FLEXIBILITY FOR GARMENTS WORK SYSTEMS

The procedural approach of the technological design
includes:
● Design of technological processes â defining the

work task 
â working out the technical documentation at the

process level â structural design (content, se-
quence, technological stage dimensioning),

â working out the technical documentation at the
technological stage level â parametric design
(technological programs, parameters, technologi-
cal charts);

● Work systems design â for work systems solving
â work place design,
â operations and work methods design,
â technological lines design.

The objective of this paper narrows down to the issue
of flexibility for the work tasks â I â  generated by the
order, in the structural technological design stage. Thus
a methodology of technological design is proposed,
oriented on flexibility elements, that synthesizes con-
ceptual and production experiences. 
The production experience has confirmed the re-
sources and implications of technological design regar-
ding the performance parameters of the firms: time
needed for the production cycle, for assimilating new

models, adjustment times, machine occupation degree,
number of fabricated models etc.

PROCEDURES AND METHODS EMPLOYED 
TO ENSURE THE FLEXIBILITY 
OF THE TECHNOLOGICAL DESIGN

Assuring flexibility starts getting shape once with the
design stage towards [5â8]:
● treating flexibility at the order analysis level
● identifying and sequence dimensioning the order

generated work tasks in a relevant manner;
● flexibly using the machines;
● assuring the conditions for the flexibility transfer from

the technological design, to the production systems.
In this situation, the following are considered to be
basic steps for flexibility in technological design:
● exploiting technological and constructive-aesthetic

similarities of the ordered products;
● exploiting the similarities regarding the products

structuring and the fabrication processes;
● approaching the modular structuring of processes;
● optimizing the operational efficiency of the techno-

logical databases;
● technical-organizational flexibility, by a sequenced

modularized approach of the technological activities
and of the work methods. 

The basic principle of the technological processes de-
sign methodology is interpreting, transposing on the
technological level, by specific criteria, the information
related to quality, as a result of the analysis for the order
models and their adequate formulation, for each design
stage (fig. 2):
● constructive-aesthetic analysis concerning the cha-

racteristics of the materials, dimensional and shape
parameters of the product components and their
descriptors, their relative position within the product,
the critical areas in perceiving the quality of the
technological processing;

● technological analysis concerning the particularities
of technological structuring, performance of technical
means. 
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Fig. 2. The designing principle of the manufacturing-finishing contents process



A systematic approach of the process planning as-
sumes the modeling of the process to be designed.
The proposed model, for the garment manufacturing
technological processes design, is based on:
● The principle of technological interpretation for the

systems quality stages
â pieces, quality processed pieces, subassemblies

of different complexities, product elements and
finished product for fabrication,

â the finished product from the constructive point of
view, going through the technological finishing
process, the ironed, packed product;

● The principle of gradual integration of the productsÖ
components in the three-dimensional morphological
structure, as a result of the qualitative and quan-
titative technological transformations, throughout the
technological constitution modules (fig. 3).

INSTRUMENTATION PROCEDURES 
OF THE TECHNOLOGICAL DESIGN METHOD 
IN FLEXIBILITY CONDITIONS 

The approach of process technological design unfolds
in stages, having the objectives to define the identity of
the process structural components content, the inter-
connections between these and their dimensioning. In
the context of limiting this paper study object previously
stated, the proposed methodology assumes:
● defining the technological process model;
● structural planning of the technological processes at:

â the macrostructure level â modular conception 
(fig. 3);

â the microstructure level â defining the identity of
the technological phases.

The structure of the technological process, as a
system, is defined by the group of component elements
and the interconnections between them.

The scheme of the gradual material synthesis for 
a three-dimensional morphological structure of the 
garment from its compound elements becomes 
Ri (fig. 4a), a new model, in order to modulate the
technological process of manufacturing and finishing
from a conceptual point of view, and offers the pos-
sibility to identify all their progressive stages: pieces,
quality processed pieces, simple sub assembles, com-
plex sub assembles and the final product.
The working objects state of evolution during the con-
stitution technological process of the product morpho-
logical structure is from the simple stage to the com-
plex one.
The technological transposing scheme from figure 
4a, based on the noticed similitude between the
physical structure of the garments and the manu-
facturing processes, offers the possibility to formulate
(stage 1, fig. 3) general model a structural modula-
te manufacturing process (fig. 4b). The arborescent
graph, GSM, reflects the structure of the process on
the macro-structure level, similar to the hierarchical
structure of the product.
The structural constituent on the macro-structure level
of the process is the Ütechnological constructive modu-
lus â MCTá; a MCT modulus include all the set of
technological phases necessary for a product consti-
tuent to get through all the successive stages n, res-
pectively n + 1.
The numbers of stages from a modulus structure are
determined by the number of necessary technological
changes and also by the technical endowment.
The relations between modules represent a techno-
logical transposition for all existing connections be-
tween all the constituent stages of the garments: pie-
ces, quality processed pieces, subassemblies.
The flexibility of the designing stage is ensured by the
conditions imposed to the structural components:
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Fig. 3. The designing methodology concerning the manufacturing process.
A â qualitative information order; B â quantitative information order; Fth â technological stage; MCT â technological constitutive modulus; 

GSM â graph of technological manufacturing process on the macro-structure level; GT â graph of technological manufacturing process, on
the micro-structure level; 1, 2, 3 â designing stages



● between the modules of the process structure,  there
are no cause-effect relations. The technological so-
lution meant to solve the modulus function must not
determine the next one. By this way, it is ensured the
possibility of changing the condition between the
modules, the flexibility adaptation of the process to
the changed garment;

● during the same modulus, there are relations, as
cause-effect, between the inferior components-
technological phase F-th. This fact leads to alter-
native multiple variants of the module structuring. On
these terms it is possible to optimize the module
designing process by the variants analyse and se-
lections. 

The GSM graph transformation into a technological
one-GT (stage 2, fig. 3) is made after the analysis of the
esthetical and constructive characteristics of the
product components, of the technological working

methods performances, and also by their transposition
in technological coordinates by the identifications of the
technological stages for each modulus.
For a micro-structure level, the structural component
is represented by a technological phase-their techno-
logical parameters define the internal characteristics of
the process (fig. 4c).
The analysis of the technological disposal stages within
the technological structure graph GT offers all the in-
formation needed, concerning the parallel structures of
the operations groups, as well as of the constituent
technological groups.
This designing method of the process technological
contents has, as implicit effects, the possibility to struc-
ture the processes on segments and the manufacturing
systems on technological â organizational groups.
The technological designing process, Fth (stage 3 â 
fig. 3), a component of the technological process, in-
cludes:
● the necessity to define all technological parameters

(stage 3a â fig. 3), the quality requests and tech-
nological conditions able to ensure the quality and
productivity requests, a an parametrical object;

● the needto dimension the phase (stage 3b â fig. 3)
from the production quotas determination point of
view, the requested working means and workers,
considering the technological content, working
systems configurations and quantitative data in the
order (B â fig. 3).

The technological databases (phases and operations
catalogues), structured according to the product
criterion, technological groups and their efficiency,
represent an important condition, in order to ensure
flexibility to the designing process.

DESIGN FLEXIBILITY EFFECTS OVER THE
SYSTEMS WITH FREQUENTLY CHANGED MODELS

In a manufacturing system structured according to
technology group principles, it is approached the pro-
blem of impact attenuation for the frequent changes of
the models, in a manufacturing system, oriented to fle-
xibility from their very conception. The case study is
delimited to the analysis of the technological designing
impact at the launching level of a new pants order, with
the focus on the flexibility of work duty and work forces.
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Fig. 4. Transposing stages of constructive characteristics 
on technological level:

a â the morphological structuring scheme; b â graf GSM;
c â graf GT

Fig. 4 a Fig. 4 b

Fig. 4 c



Data problems:
● The production planed for 2 months (39 working

days) of 31 692 pants is made on a single techno-
logical production line, structured in five groups, with
two shifts;

● The analysis of the ordered models, from an aesthe-
tical-constructive point of view, underlines the exis-
tence of 15 models in a order structure, with spe-
cified technological and constructive particularities
concerning the front and back pockets, closing sys-
tem of the waist band, inferior ending line and num-
ber of pieces for the back side; 

● The technological analysis underlines that the gene-

ral working duties determined by the ordered mo-
dels include 60â90 technological phases per model
and also the same number of qualifications for the
workers.

The distribution analysis of duties on the technological
groups criteria (table 1) underlines the percentage of
nevelty elements (22.8%), on the order level, and the
specified implications in the manufacturing preparation.
The 33% share of new duties, for the 1 and 6 groups
(table 1), suppose a special attention concerning the
selection of needed workers, the specified training
supporting programme and setting output rates activity.
The small elements represent an important source for
the garmentÖs aesthetically-constructive diversification
point of view, and also generate technological field  im-
plications.
The 60% share (relatively a higher level) for the com-
mon phases of many models supports, arguments, the
proposed designing methodology and reflects all the
advantages of the flexible modularized technological
designing process.
The manufacturing structure of the garments is capable
to re-evaluate as much as possible the data existing in
a database, respectively the similitude of the ordered
models, being able as well to generate positive im-
plications on assimilation time, for the new models, to
prepare the fabrication process, to teach the operators
some working methods and keep, in time, the stabili-
ty of individual and group productivity and production
quality.
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Table 1

TECHNOLOGICAL DISTRIBUTION ON GROUPS

The number of technological phases

Technological group
Total Percentage The novelty elements

share, % Number Percentage

Processing of small 30 17.2 10 33.3
elements
Processing of big 11 6.2 2 18
elements
The integration of small 45 25.7 15 33.3
elements in big elements
The assemble processing 57 32.6 9 15.7
of garments elements
Technological processing 32 18.3 4 12.5
to garment manufacturing
The total number of 175 100 40 22.8
phases
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High performance fibers exhibit excellent tensile
strengths and high modulus, whereas the com-

pressive and shearing strength and modulus are
comparatively low [1]. Poor compressive and shearing
properties have been a major bottleneck in consi-
derable aspects to their application [2]. An important
method to show the fiber compressive property is the
bending fatigue test, because the bending force causes
the major deformation. Poly-p-phenylene benzobisoxa-
zole (PBO) fibers have high tenacity and fatigue resis-
tance in tensile stress, but low compressive strength
and fatigue lifetime in bending. Many previous resear-
chers have been studied the bending fatigue of the
aramid fiber under the form of SâN curves, or the
number of cycles-to-failure under a given strain [3]. Liu
Xiao Yan tested the bending fatigue lifetime of the
aramid fiber, using a sample bending fatigue apparatus
[4], and Gu Bohong investigated the bending fatigue
strength of the wool fiber [5]. Burgoynet et al. used a
sheave bending apparatus to investigate the bending
fatigue of parallel lay aramid ropes [6] and, Todd got
the number of cycles-to-strength degradation curve un-
der low tension. His test result showed that the bending
fatigue damage of the aramid fiber strength corres-
ponding to the members/components of the communi-
cation cables is small, as said, under low tension [7].
In this paper, a new apparatus developed by the
Donghua University Textile Materials and Technology is
presented [8â10], apparatus which can perform the
bending fatigue test under a given bending angle, pre-
tension and frequency. By using the own-developed

apparatus, the bending fatigue lifetime of the single
PBO fiber is measured and discussed. The fracture
ends of the fiber were observed by using the
microscope.

EXPERIMENTAL MATERIALS AND APPARATUS

Figure 1 shows the scheme of the fixed bending fatigue
equipment. The bending fatigue test system includes
seven parts as follows: the force sensor, the upper and
lower jaws, the swing plane, the fixed-point, the lamp,
the microscope and the CCD. The force sensor is used
to record and set the pre-tension, and the maximum
pre-tension is 8 000 mN, with a precision of 0.2 mN.
The jaws are used to clamp materials. The swing plane
can bend materials by rotating different angles. The
positioning pin can fix the bending point and assure the
bending point fixedness. The lamp, microscope and
CCD camera provide the optical system, which facili-
tates the in-situ observance of the bending process and
the fiber morphology screening.
The bending fatigue lifetime for a sample of single PBO
fiber has been carried out. The linear density of the
PBO fiber is 4 dtex. In the experiment, the lengths of
the fibers used were 6 cm.

EXPERIMENTAL PROCEDURE

Due to the large dispersion of the experimental results,
the test number was set as 10 times for every spe-
cimen. The specimen was clipped in jaws and the fiber
pre-tension was thus adjustable. These set parameters

Characterization for bending fatigue properties of the PBO fiber
CAI GUANGMING YU WEIDONG

REZUMAT â ABSTRACT â INHALTSANGABE

Caracterizarea propriet„˛ilor de rezisten˛„ la oboseal„ prin Óncovoiere ale fibrelor PBO
Œn lucrare este prezentat un aparat cu punct fix de testare a propriet„˛ilor de rezisten˛„ la oboseal„ prin Óncovoiere ale fibrelor PBO individuale,
prin setarea unor parametri da˛i, cum ar fi pretensionarea ∫i unghiul de Óncovoiere. Pe parcursul experimentelor, au fost Ónregistrate date privind
sarcina ciclic„ ∫i durata Óncerc„rilor de rezisten˛„ la oboseal„ prin Óncovoiere. Curba grafic„ produs„ de sarcina ciclic„ prezint„ modific„ri ale
sarcinii, pe perioada Ón care materialele au fost supuse Óncovoierii, Ón mod repetat. Curbele grafice S-N ∫i è-N indic„ faptul c„ pretensionarea
∫i unghiul de Óncovoiere au un efect semnificativ asupra duratei la oboseal„ prin Óncovoiere. Morfologiile ob˛inute ale fibrelor PBO explic„
tiparele ruperilor prin Óncovoiere.
Cuvinte-cheie: fibr„ PBO, oboseal„, Óncovoiere, sarcin„ ciclic„, durat„ de via˛„

Characterization for bending fatigue properties of the PBO fiber 
In this work, a fixed-point bending fatigue apparatus is introduced for the PBO individual fibers testing in terms of their bending fatigue
resistance; this is enabled by setting some given parameters, like the pre-tension and the bending angle. Cyclic stress data and the bending
fatigue life were recorded during experimentation. The curve of the cyclic stress shows that the stress changes in periods, when materials
bend repeatedly. The S-N and è-N curves indicate that the pre-tension and the bending angle have a significant effect on the bending fatigue
life. Morphologies gained explain the bending rupture patterns of the PBO fibers.
Key-words: PBO fiber, fatigue, bending, cyclic stress, fatigue life

Charakterisierung der Eigenschaften der PBO Faser beim Dauerknickwiderstand
In der Arbeit wird ein Apparat mit festem Punkt f¸r die Untersuchung der Eigenschaften des Dauerknickwiderstandes der individuellen PBO
Faser vorgestellt, durch Einstellung einiger vorgegebenen Parameter, wie Vorspannung und Knickwinkel. W‰hrend der Untersuchungen,
wurden Daten betreff der zyklischen Last und die Zeitspanne der Versuche beim Dauerknickwiderstand registriert. Die graphische Kurve,
produziert von der zyklischen Last, zeigt wiederholende Ver‰nderungen in der Zeitspanne in der die  Materialien dem Knick ausgesetzt wurde.
Die graphischen Kurven S-N und è-N besagen, dass die Vorspannung und der Knickwinkel ein wesentliches Effekt auf die Knickdauer hat.
Die Morphologien der PBO Faser erkl‰ren die Muster der Knickbr¸che. 
Schlusselwˆrter: PBO Faser, Dauerwiderstand, Knick, zyklische Last, Lebensdauer 
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are illustrated in table 1. The cyclic stress was recorded
and the morphologies of the aramid fiber were scree-
ned during the whole testing process.
All measurements were carried out under 25oC and
relative humidity 65%.

RESULTS AND DISCUSSIONS
Cyclic stress curve of the PBO fiber during 
the bending fatigue process

Figure 2 shows the cyclic stress curve of the PBO fiber
during the fixed-point bending fatigue process, under a
per-tension of 240 mN and a 45o circumrotation angle.
The fiber elongation changes with bending, which re-
sults in stress fluctuation. From figure 2, we can find
the stress changes in periods T, when fiber bends
repeatedly. Once we know the fatigue rupture time t of
the fiber, we can get the cyclic number N (N = t/T).
Equation (1) is the curve of stress σ versus strain ε. It
shows that the fiber stress changes once with changing
the fiber strain. The varying bending angles caused the
changes in the cyclic strain, when the fiber bends
cyclically, therefore the cyclic stress changes accor-
ding to equation (1). 

(1)

We can notice that the change of the bending angle
leads to the stress change, when the fiber is bending.
Therefore, the cyclic stress is changed.
The pre-tension effect on the bending fatigue
lifetime
The influencing factors on the bending fatigue of the
fiber materials include the bending angle, the pre-

tension and the bending frequency. Many investigations
have been directed to the polymer fatigue. These in-
vestigations are based on the Zhurov kinetic concept of
the mechanical deterioration of polymers defined by the
general equation: 

(2)
where: 
τ is the materials lifetime under σ load; 
σ â the applied mechanical stress;
T â the absolute temperature; 
τ0 â the period for the thermal fluctuations of atoms; 
U0 â the energy for the rupture of an inter-atomic

bond; 
α â the coefficient for the overstress in the bond

being ruptured; 
K â the Boltzmann constant. 
Thus, we can get the equation:

(3)

where:

  B KT NB= α /   :  in equation (3).

  A U KT= + − ( )ln / ln / ;τ π ω0 0 2

  lnN A B= − σ

  τ τ ασ= −( )[ ]0 0exp U KT/

 σ ε= E
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Fig. 1. The fundamental structure of a fixed-point bending fatigue test apparatus:
a â elevation; b â side view; 1 â sensor; 2 â upper jaw; 3 â positioning pin; 4 â lower jaw; 5 â running plane; 6 â fiber; 7 â lamp; 

8 â microscope; 9 â CCD camera

a b

Fig. 2. The curves of cyclic stress during the cyclic bending process

Table 1

PROJECT EXPERIMENTS

Test Pre-tension, Bending angle, Frequency,
sequences cN/dtex θ, o Hz

Test 1 4 45, 60 1
Test 2 5 45, 60 1
Test 3 6 30, 45, 60 1
Test 4 7 30, 45, 60 1
Test 5 8 45, 60 1



Figure 3 shows the SâN curve of the single PBO fiber
at different angles, it can be found that the bending
fatigue lifetime of the PBO fiber decreases with the pre-
tension increase at the same bending angle. The PBO
fiber has a long fatigue lifetime at relative small bending
angle and pre-tension. Figure 3 also proves that, in
terms of influence on the fatigue lifetime, large pre-
tension and small bending angle is equivalent to small
pre-strain and large bending angle. We can find that the
fiber bending fatigue is the process by which the
binding energy U0 decreases gradually with the fiber
bend by equation (4). If increasing the pre-tension, the
dissipation of binding energy U0 will increase, when
fiber bends one time at the same bending angle. So,
the fatigue lifetime decreases with the increase in pre-
tension. It also indicates the aramid fiber rupture is easy
at a large bending angle. Because the dissipation of the
binding energy U0 increases when fiber bends one
time, with the bending angle it increases. The lifetime
decreases with the increase in the bending angle at the
same pre-tension.
Figure 4 shows the SâlnN curve, whose y-axis is the
logarithmic of the cycle bending number. According to
data analysis, we can achieve the relation between pre-
tension σ and the mean fatigue numbers N. Based on
the general regression equation, the linear-regression
equations for the bending fatigue measurements and

the corresponding correlation coefficients r at the
different bending angles θ are listed as follows:

(4)

Bending angle effect on the fatigue lifetime
Bending angle effect on the bending fatigue life is
mainly laid on two aspects. On one side, bending angle
can reach the maximum of the cyclic stress. The ma-
ximum stress is larger under the same pre-tension,
while the bending angle is larger. On the other side, it
has a remarkable function on tensile and compressive
distortion at the bending point. When the angle is
larger, the bending point distortion is larger, too. Figure
5 shows the θâN curve of the PBO fiber under different
pre-tensions. It can be found that the bending fatigue
lifetime of the PBO fiber decreases with the bending
angle increase, at the same pre-tension. 
The bending fatigue results of the PBO fiber, under
different bending angles, are illustrated as figure 6
shows. It also reveals the existence of a linear re-
lationship between the bending angle and the loga-
rithmic of the cycle bending number. The regression
functions are shown in equation (5):

(5)

Combined effects of the pre-tension and bending
angle on the PBO fiber bending fatigue lifetime
The combined effects of the pre-tension and the
bending angle on the fatigue lifetime of the PBO fiber
can also be expressed by the multivariate nonlinear
mode. The regression equation can take the form:

(6)

The equation (6) indicates that the pre-tension and the
bending angle are the two most important influencing
factors on the fatigue lifetime. The σθ has little effect on
the lnN, due to the coefficient is only 0.006, which can
be ignored. The relationship between the fatigue life-
time, pre-tension and the bending angle is shown in
figure 7. We can also learn that the large pre-tension

ln . . . . , .N r= − − + =17 621 0 79 0 1 0 006 0 98772   σ θ σθ
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Fig. 3. The S-N curves of the aramid fiber under different
circumrotate angles

Fig. 4. The S-lnN curves of the PBO fiber under different
circumrotate angles

Fig. 5. The θ-N curves of the PBO fiber 
under different pre-tensions



and the small bending angle are similar in effect to the
small pre-tension and large bending angle on the
fatigue lifetime. Hence, the fiber bending should be
avoided under high pre-tension or large bending angle,
especially for both pre-tension and bending angle are in
high values.

Morphology analysis of the PBO fiber under the
bending fatigue processe
Figure 8 a, b, c, d shows the morphologies of the PBO
fiber during the bending fatigue process, which are in-
suit observed by microscope within the experiment. In

figure 8a, the fibrils rupture occurs near the bending
point, at its outer layer, but the fibril breakage only
happened on one side. In figure 8b, assembled fibril
flakes continue to rupture on two sides and some fibrils
begin to fall off. In figures 8c, d fibrils further rupture
near the bending point, then many fibrils rupture, severe
splitting occurs on the fiber surface, so the fiber dia-
meter becomes finer. When the fiber was continuously
bent, the first separation occurred was fibrillation,
followed by individual or fibrillation bundles broken until
a serious fibril split.
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Fig. 8. Fracture morphologies of the PBO fiber under bending fatigue processing:
a â 300 cycles under 8 cN/dtex pre-tension; b â 900 cycles under 8 cN/dtex pre-tension; c, d â 1 800 cycles and 2 980 cycles under 

8 cN/dtex pre-tension

Fig. 7. Relationship between pre-tension, bending angle 
and the fatigue lifetime of the PBO fiber

a b c d

Fig. 6. The θ-lnN curves of the PBO fiber under different 
pre-tensions

Fig. 9. The fracture-end morphology of the PBO fiber

a b c d



The fracture morphology analysis of the PBO fiber
under bending fatigue
The optical microscopy pictures of the fatigue fracture
ends caused to the PBO fiber are illustrated in figure 9.
The morphology of the PBO fiber rupture ends displays
greater fibrillation splitting characteristics. When fiber is
bent, the outer layer is pulled and the fiber inside layer
is pressed. The fractured ribbons of the fiber surface
begin to peel off. It is evident that the PBO fibers are
broken due to the fibrillation or axial split, which can be
explained by the fibrillar structure, the high orientation
and the low intermolecular force. Therefore, the fiber
fibrils will be split and transformed into fibrillated
fracture ends, when fibers are bent repeatedly.

CONCLUSIONS

A fixed-point bending fatigue apparatus was used to
investigate the bending fatigues of the PBO fiber. It was
thus found that stable results are achievable by its use,

which justifies its applicability in explaining the bending
fatigue behavior of the PBO fiber under given
parameters. The suggestion is this apparatus can be
used to establish a standard for the assessment of the
bending fatigue behavior the fiber materials have. Some
of the conclusions are drawn as follows:
● The fixed bending fatigue apparatus is suitable to

investigating the bending fatigue of single fiber
materials. 

● The pre-tension and the bending angle have
significant effects on the bending fatigue lifetime of
the aramid fiber. The PBO fiber easily breaks under
the large pre-tension or bending angle. There is a
linear relationship between the pre-tension, bending
angle and the logarithmic of the fatigue lifetime.

● Process morphologies of the PBO fiber in bending
fatigue prove that the PBO fiber ruptures take the
form of fibrils and it gradually breaks near the
bending point.
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Textile industry is one of the oldest industries in 
the entire world and has known a continuous

improvement, due to its fast adaptation to the needs 
of a company interested in the overall development 
of people. During the 20th century, the textile indus-
try was the main production field, with an extraordinary
dynamic. In the last two decades, this industry was 
the subject to a stress period, due to some restrictions
imposed by the more developed countries, whose 
aim was to protect their own manufacturing industry.
The textile technologic chain begins with the fabrica-
tion or collecting of fibres, being followed by the 
next steps: the fibres pre-treatment, dyeing, printing,
finishing and covering, including washing and drying 
[1, 21].

The organic dyes are very complex chemical structures,
being sometimes considered as toxic. These are for-
bidden for utilization in the dyeing process of fibres,
according to ETAD (Ecological and Toxicological Agen-
cy of Dyes). Several dyes are very stable and resistant
to chemical agents and light. Therefore, simultaneously
a study of the dyeing process with the extension
utilization of polyacrylic fibres was achieved. In this
scope, the classical dyes have been used, but their
tinctorial performances are very modest [2, 3]. The de-
ficiencies in tinctorial properties of the classical dyes
refer to the dyeing uniformity and to the exhaustion of
the application bath. In the last years, the non-uniform
dyeing in ÜdÈgradÈá was considered a Üfashioná, being
only a technologic failure. In this context, the studies 

Studies concerning the photostabilization of cationic dyes 
derived by the compact condensed systems with thiazolic ring

applied on polyacrylic fibres using UV absorber
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Studii privind fotostabilizarea coloran˛ilor cationici deriva˛i de la sisteme compact condensate cu ciclu tiazolic, aplica˛i pe fibre
poliacrilice utiliz‚nd absorban˛i UV

Lucrarea prezint„ o alternativ„ de fotostabilizare a coloran˛ilor cationici aplica˛i pe fibre poliacrilice, de tipul melanei. Pentru a cre∫te rezisten˛a
la lumin„ a coloran˛ilor ∫i a fotostabiliza fibrele vopsite ∫i nevopsite, s-a utilizat absorbantul UV 2-(2¥-hidroxi-5¥-metilfenil)-benzotriazol. Au fost
determinate rezisten˛ele la lumin„ ∫i la sublimare ale fibrelor poliacrilice vopsite cu coloran˛i cationici derivati de la sisteme compact
condensate cu ciclu tiazolic, aplicati pe fibre poliacrilice utiliz‚nd un absorbant UV, comparativ cu cele ob˛inute Ón cazul fibrelor vopsite cu
aceia∫i coloran˛i, Ón absen˛a unui absorbant UV. Absorbantul UV s-a aplicat pe fibr„ fie direct Ón baia de vopsire, fie dup„ tratarea fibrelor
vopsite. A fost analizat„ eficien˛a tinctorial„ a coloran˛ilor cationici aplica˛i pe fibrele poliacrilice. Rezultatele cercet„rii arat„ c„ introducerea
absorbantului 2-(2¥-hidroxi-5¥-metilfenil)-benzotriazol Ón coloran˛ii cationici duce la cre∫terea capacit„˛ii de absorb˛ie a colorantului, dup„
expunerea la radia˛ii UV. Œn zona UV, intensitatea absorb˛iei este mai mare pentru absorbantul UV, dec‚t pentru coloran˛i. Radia˛iile UV sunt
absorbite de 2-(2¥-hidroxi-5¥-metilfenil)-benzotriazol, prezen˛a absorbantului UV deplas‚nd punctul maxim de absorb˛ie a coloran˛ilor de la
lungimea de und„ vizibil„ la cea mai mare lungime de und„ (efect batocromic).
Cuvinte-cheie: colorant cationic, absorbant UV, fibr„ poliacrilic„, iradiere, fotostabilizare, eficien˛„ tinctorial„  

Studies concerning the photo-stabilization of cationic dyes derived by the compact condensed systems with thiazolic ring applied
on poly-acrylic fibres using an UV absorber

In this paper, a photo-stabilization alternative is presented for the cationic dyes applied to the poly-acrylic fibres, Melana type. In order to
increase the dyes light fastness and to photo-stabilize the un-dyed and dyed fibres, the UV absorber 2-(2¥-hydroxy-5¥-methylphenyl)-
benzotriazole was used. The cationic dyes derived by the compact condensed systems with thiazolic ring and UV absorber uptake, and the
light and sublimation fastness of the dyed poly-acrylic fibres were determined and compared with those obtained for the corresponding fibres
dyed in the absence of an UV absorber. The UV absorber was applied to the fibre by using different procedures: directly in the dye-bath and
after the treatment of the fibres dyed. The tinctorial efficiency of the cationic dyes applied to poly-acrylic fibres was analyzed as well. The
research shows that the 2-(2¥-hydroxy-5¥-methylphenyl)-benzotriazole absorber introduction in the cationic dyes leads to the increment of dyes
absorption capacity, after exposure to UV radiations. In the UV area, the absorption intensity for the UV absorber is higher than the dyes
absorption intensity; therefore, the UV radiations are absorbed by the 2-(2¥-hydroxy-5¥-methylphenyl)-benzotriazole, the presence of the UV
absorber moving the absorption maximum of dyes from the visible to the highest wavelength (bathochromic shift).
Key-words: cationic dye, UV absorber, poly-acrylic fibre, irradiation, photo-stabilization, tinctorial efficiency  

Studien bez¸glich der Photostabilisierung der Kationenfarbmittel abgeleitet aus kompakt kondensierten Systemen mit
thiazolischem Zyklus aufgetragen auf Polyakrylfasern mit Anwendung von UV-Absorptionsmittel

In diesem Artikel wird eine Alternative der Photostabilisierung einiger neuen kationischen Farbmittel aufgetragen auf Polyakrylfasen des Types
Melana-Wolle vorgestellt. Mit dem Zweck der Steigerung des Widerstandes der Farbmittel gegen UV-Stahlen, und auch f¸r die
Photostabilisierung der nicht gef‰rbten Fasern wurde als UV-Absorptionsmittel 2-(2¥-hydroxy-5¥-methylphenyl)-Benzotriazol verwendet. Den
Kationenfarbmittel abgeleitet aus kompakt kondensierten Systemen mit thyazolischem Zyklus, und auch dem UV-Absorptionsmittel,
aufgetragen auf die Polyakrylfasern, wurden die F‰rbungseigenschaften getestet. Diese Eigenschften wurden mit den erzielten Ergebnissen
f¸r die gef‰rbten Polyakrylfasern, aber ohne UV-Absorptionsmittel verglichen. Das UV-Absorptionsmittel wurde durch zwei Verfahren
angewendet: direkt im F‰rbungsbad und nach der Behandlung der gef‰rbten Fasern. Es wurde die F‰rbungswirksamkeit der
Kationenfarbmittel angewendet auf Polyakrylfasern analysiert. Die Forschungen haben die Tatsache bewiesen, dass die Einf¸gung des
Absorptionsmittel 2-(2¥-hydroxy-5¥-methylphenyl)-Benzotriazol in das F‰rbungsbad zu einem Anstieg des Widerstandes der Farbmittel auf den
Fasern nach kontrollierter UV-Strahlenbelastung gef¸hrt haben. Im UV-Bereich ist die Absorptionsintensit‰t f¸r das UV-Absorptionsmittel
grˆfler im Vergleich mit der Absorptionsintensit‰t der Farbmittel aufgetragen auf die Fasern und behandelt mit UV- Absorptionsmittel. Die
Anwesenheit des UV-Absorptionsmittels, als Schutzmittel gegen UV-Strahlen, verschiebt das Absorptionmaximum der Farbmittel aus dem
sichtbaren Bereich hin zu hˆheren Werten der Wellenl‰ngen (bathochrome Verschiebung).
Schl¸sselwˆrter: Kationenfarbmittel, UV-Absorptionsmittel, 2-(2¥-hydroxy-5¥-methylphenyl)-Benzotriazol, Polyakrylfasern, F‰rbungswirksamkeit 
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[2â6], which refer to the synthesis and application of
some new products for the synthetic fibres dyeing,
represented an important problem both of theoretical
and practical interest. Cationic dyes are those dyes,
which contain an auxochrome group beside chromo-
phore, a quaternization nitrogen heteroatom or a qua-
ternary group type âN(CH3)3 tied to an alkylic chain, for
wich there was always a guide anion [2]. This anion
does not influence the colour, but has an important role
in the product of solubility and its isolation possibility in
pure state. The positive charge of the colour cation con-
ferred it a sufficient water solubility enabling us dyeing
the synthetic fibres (e.g. polyacrylic fibres â PAN sym-
bol) with acid aqueous baths. The attractive electron
cationic group has a bathochrome effect, light resis-
tances improved, as well as reduced industrial gas
emission, due to the increment of electrons mobility
within the chromophore system. Therefore, the affinity
of cationic dyes for the polyacrylic fibres is the result of
their anionic character. The fixation mechanism of the
cationic dyes on the polyacrylic fibre, in the first step, is
ionic [2, 4]:

where:
PAN is the polyacrylic fibre rest.
The references [3, 4] present some dyeing methods for
the polyacrylic fibres; continuous and discontinuous
procedures; in these alternatives, some organic and
inorganic auxiliaries which have the role of ensuring an
uniform dyeing on synthetic fibres can be used. Until
now, the cationic dyes with a high degree of light
fastness have been selected to solve the dyeing
process problems [4, 5]. Many types of solar radiation,
which are mainly visible (light), or infrared (heat),
reache the earthÖs surface. Ultraviolet radiation (UVR) is
present, but we cannot see or feel it [6, 7]. In order to
define the UVR protection properties of the textiles, it is
necessary to measure the UPF value of a particular
textile. Ultraviolet Protection Factor (UPF) is calculated
by means of UVR, which is transmitted through the
textile support (similar to cosmetics SPF). In tables 1
and 2 a system of classifications is presented giving 
the UPF 15 to 24 (effective UVR transmission 6.7 to
4.2%), which is a good protection, UPF 25-39, a very
good protection and UPF 40â50 an excellent
protection. Textiles used for clothes are not necessarily
complete absorbers of natural UVR and can give a false
sense of protection against sunburn and skin cancer.
The average white shirts worn by men may transmit
20% of the solar UVR, whereas lighter weaves prefer-
red by women may allow up to 50% of the solar UVR

to penetrate to the covered skin [7, 8]. In order to
protect un-dyed and dyed textiles and, implicitly, the
dyes applied to these textiles, UVR absorbers have to
meet the following conditions [8, 9]:
● to absorb the near and far UV; 
● to confer a high stability of the white degree;
● to improve the light resistance of dyes and to prevent

or to delay the photo-degradation of the textile sup-
port;

● to have a long term effect;
● to have stability to light and heat;
● to be soluble in water;
● to not alter the physical and chemical qualities of the

fibres;
● to not be toxics;
● to be compatible with chemical auxiliaries used in the

dyeing process;
● to have a uniform distribution on/or in the textile

material [8, 9].
The studies [3, 4, 8] have specified that the colour of
dyes is very important, because some dyes have a small
light resistance, starting with the textile supports, which
are dyed in pastel shadows. Therefore, the coloured
compounds cannot be applied on these supports,
because these can lead to the modification of their
shades. In order to increase the UV resistance of dyes
applied on fibres, some organic compounds are used
frequently, being specially synthesized in this scope
and marketed as Tinuvin P, Tinuvin 8 SPT from Ciba-
Geigy, Rayosan C or CO from the Clariant company,
Eastman antioxidants etc., called UVR absorbers or
UVR protection agents [10, 14].
In this study a dyeing alternative of polyacrylic fibres,
with cationic dyes is presented [10â16] derived from
compact condensed systems with thiazolic ring [17],
and the tinctorial properties are analyzed. Photosta-
bilization alternatives of the cationic dyes applied to the
polyacrylic fibres, type melana, by using UVR absorber
2-(2¥-hydroxy-5¥-methylphenyl)-benzotriazole, are pre-
sented as well. 

EXPERIMENTAL PART
Materials used 
● Polyacrylic fibres melana type, 2.5 den, treated with

active superficial substances [17] to increase the
fibres quality. These fibres are washed with surfac-
tants. A mixture of non-ionic (70% ethoxylated fatty
alcohol) and anionic surfactants (about 30% sodium
alkylsulphonates as sodium dodecylbenzensulpho-
nate, but also alkyl sulphate and linear alkyl benzen-
sulphonates) have been used to wash the fibres
before and after dyeing. After the treatment with the
surfactants mixture, the fibres are washed with hot
water (50â60oC), then with cold water and then the
same operations are repeated; finally, the fibres are
dried in an oven at 60oC. 

 PAN H Dye PAN Dye H− + ⇔ ++ − + +
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Table 1

ULTRAVIOLET PROTECTION FACTOR (UPF)  
FOR THE AMOUNT OF EFFECTIVE UVR TRANSMITTED 

AND ABSORBED

% UVR %UVR
UPF

Protection
transmitted absorbed category

10 90.0 10 Moderate protection
5 95.0 20 High protection
3.3 96.7 30 Very high protection
2.5 97.5 40 Excellent protection
2.0 98.0 50+ Excellent protection

Table 2

UPF RATINGS AND PROTECTION CATEGORIES

UPF rating Protection category % UVR blocked

15â24 Good 93.3â95.9
25â39 Very good 96.0â97.4
40 and over Excellent 97.5 or more



● Cationic dyes [10â16] derivated from the compact
condensed system with thiazolic ring [17] obtained
by synthesis with the structures shown in table 3.

● Auxiliary substances for the dyeing process: acetic
acid (pH 4.0) solution 2%; sodium sulphate 10% so-
lution; standardization agent for shade type ammo-
nium quaternary salt, with the lateral chain at alkyl
C12âC14 (optional) agent retard.

● 2-(2¥-hydroxy-5¥-methylphenyl)-benzotriazole absor-
ber.

The selection of dyes was done according to the fol-
lowing criteria: the affinity face to the textile fibre; the
colour of the obtained compound; the fastness of the
chosen dyes. The dyeing alternative with cationic dyes
is characterized by the fact that the coloured materials
are at the same time good swelling agents (thiazolic
ring) and, for this reason, the crystalline zones are
decreased by the solvation effects.

Process of polyacrylic fibres dyeing
Dyeing with cationic dyes can be performed at
temperatures of less than 100oC, without carriers

[2, 9]. Therefore, the dye bath was prepared at the
room temperature with cationic dye (2.0% and 3.0
aqueous solution), acetic acid 1% solution and sodium
sulphate 10% solution, in order to adjust the pH at
3.8â4; the dye bath ratio was 1:40. The temperature
was increased to 60oC, 70oC and 100oC, dye bath
remaining constant during the whole dyeing process.
The dyed polyacrylic fibre was first rinsed in cold water
and then in boiling water, in order to remove the unfixed
dye, then again with cold water and, finally, it was dried
at the room temperature. 

Application of the UV absorber 
for the photostabilization of the dyes and un-dyed
and dyed fibres
For the photo stabilization of dyes (table 3) and textile
fibres, we have chosen an UV absorber, of Ciba-Geigy
firm, Tinuvin P (table 4), from the benzotriazole class.
This absorber was chosen by means of the following
criteria: the colour of UV absorber; the variation in
residual absorption depending on compoundÖs con-
centration (the λmax = 220â340 nm, in this area the
degradation is high); the stability in time of the UV
absorber at the UVR action. This absorber presents
advantages such as: good solubility in water; can be
applied during or after the dyeing process at pH < 3
and temperature 20â70oC, in 30 minutes; can be ap-
plied alone or in combination with other substances; it
is very stabile at light and temperature in the dyebath;
has a good capacity of equalization and migration; has
good fastness to washing and ironing. The influence of
2-(2¥-hydroxy-5¥-methylphenyl)-benzotriazole absorber
is first tested on the selected dyes. 

Experimental part
2% solution of 1â4 dyes, 2% solution 2-(2¥-hydroxy-
5¥-methylphenyl)- benzotriazole absorber was added,
the ratio is dye: absorber = 1:1. The solutions (10 mL
volumes) were subjected to photolysis in quartz cell,
with the cavity exposed to lamps with mercury steam,
which emitted light with λ = 254 nm. This was followed
by the effect exerted by the absorber on the selected
dyes, by determination of the maximum absorbance at
some time intervals after irradiation. The results are
shown in table 5 and the results of the selected cationic
dyes are shown in figures 1 and 2.
The application of 2-(2¥-hydroxy-5¥-methylphenyl)-ben-
zotriazole absorber on the un-dyed melana fibres was
performed very easily: in the treated bath, at 25oC, 
60 g/L Na2SO4 and 1% absorber solution were ad-
ded; then, 3% solution Na2CO3 was added, until pH =
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Table 3

NEW CATIONIC DYES OBTAINED FOR THE FIRST TIME 
BY ORIGINAL SYNTHESIS [2â6,  10,  11]

Colour
Cationic dye λλmax , nm

Absorbance,
εεmax

Blue
591 nm
(1.242)
31850

Blue
595.7

(1.182)
27850

Blue
582

(1.301)
30830

Blue-Violet
608 nm
(1.350)
28230

Green
419 nm
(1.289)
29853

Brown-red
546.0 nm
(1.220)
32800

Table 4

STRUCTURE AND PROPERTIES OF THE 2- (2 ¥HYDROXY-5 ¥ -METHYLPHENYL)-BENZOTRIAZOLE ABSORBER

Chemical Commercial λλmax , lg, Melting RelativeStructure name name nm Io/I point,o photostability

2-(2¥-hydroxy-5¥- Tinuvin 296 2.822 128â130 10
methylphenyl)- P 334 1.952
benzotriazole Strong

absorption
between

300â380 nm



9â9.5; the mixture was stirred for 30 minutes; then, the
fibres were washed with hot and cold water.
The application of 2-(2¥-hydroxy-5¥-methylphenyl)-ben-
zotriazole absorber on the dyed melana fibres can per-
formed, as you can see, in two ways: 
● 2% of the absorber solution was added in the

dyebath simultaneously with the dye solution, at a
bath ratio 1:40, after which the other auxiliaries sub-
stances were introduced; 

● after the dyeing process of melana fibres, the absor-
ber was applied by boiling, for about 30 minutes, at
pH 3.5â4; then the fibres were washed with hot and
cold water and then dried at room temperature.

The un-dyed and dyed melana fibres treated with UV
absorber are irradiated [4, 18â20], by the same pro-
cess presented at the photolysis of the dyes. The pho-
todegradation is evaluated by measuring the absorption
capacity, at different time intervals and registering the
absorbtion spectra using a UV-VIS Specord 210 Ana-
lytik Jena; then, the fastness to light face is then ana-
lyzed on the grey scale.
The photostabilization of dyes and un-dyed and dyed
melana fibres was achieved in order to use the 2-(2¥-
hydroxy-5¥-methylphenyl)-benzotriazole absorber. This
absorber can ubtake the UV radiation by free rotation of
the hydroxylic group and the existence of ceto-enolic
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Table 5

THE RESULTS OF DYES PHOTOLYSIS IN THE PRESENCE OF THE UV ABSORBER

Irradiation time, h

Compound 0 124 248

λλmax , lg, λλλλmax , lg, λλmax , lg,
nm I0/I nm I0/I nm I0/I

2-(2¥-hydroxy-5¥-methylphenyl)- 296 2.822 296 1.852 296 1.412
benzotriazole 334 1.952 333 1.843 335 1.496
Blue cationic dye 1 derived by 296 2.302 299.5 2.038 298.5 1.848
compact condensed system 332.5 2.192 332 2.002 331.5 1.811
2-aminothiazolo [4,5-f] indazole + 591 1.242 590 1.099 588 0.912
+ 2-(2¥-hydroxy-5¥-methylphenyl)-
benzotriazole
Blue cationic dye 2 derived by 295 2.269 296 2.133 297.5 1.982
compact condensed system 332 2.224 331 2.002 330.5 1.980
2-aminothiazolo [5,4-f] indazole + 595.7 1.182 590.5 1.099 590 0.998
+ 2-(2¥-hydroxy-5¥-methylphenyl)-
benzotriazole
Blue cationic dye 3 derived by 295 2.341 296 2.134 295 1.901
compact condensed system 333.5 2.293 331.5 2.098 330.5 1.882
2-aminothiazolo [4,5-b] quinoxaline-7- 582 1.301 580 1.171 580.5 1.020
carboxilic acid + 2-(2¥-hydroxy-5¥-
methylphenyl)-benzotriazole
Blue cationic dye 4 derived by 295.5 2.398 297 2.262 296.5 1.949
compact condensed system 333.5 2.253 328 2.202 327 1.895
2-aminothiazolo [5,4-b] quinoxaline-7- 608 1.350 607.5 1.174 606 0.991
carboxilic acid + 2-(2¥-hydroxy-5¥-
methylphenyl)-benzotriazole
Green cationic dye 5 derived by 296 2.452 299 2.257 298 1.995
compact condensed system 332 2.291 328 2.204 327.5 1.988
2-aminothiazolo [4,5-b] pyridine + 419 1.289 417.5 1.124 538 0.987
+ 2-(2¥-hydroxy-5¥-methylphenyl)-
benzotriazole
Brown-red cationic dye 6 derived by 294 2.110 295 1.981 296
compact condensed system 333 2.082 330 1.782 329
2-aminothiazolo [5,4-c] pyridine + 546 1.220 544 0.932 542
+ 2-(2¥-hydroxy-5¥-methylphenyl)-
benzotriazole

Fig. 1. The UV-VIS spectra of blue cationic dyes 1 derived by compact condensed system 2-aminothiazolo [4,5-f] indazole 
and 2-(2¥hydroxy-5¥-methylphenyl)-benzotriazole UV absorber after: a â 0 h of irradiation; b â 124 h of irradiation; c â 248 h of irradiation

a b c



tautomery. The absorber was chosen by theoretical
considerations concerning the chemical structure of 
the 2-(2¥-hydroxy-5¥-methylphenyl)-benzotriazole, as the
presence of the hydroxil group in the orto position on
the benzenic cycle allows the formation of a strong
intramolecular hydrogen bond, between the electro-
negative heteroatom and the hydrogen atom from the
hydroxil group; also, the presence of the  âOH group in
the orto position leads to maximum absorption in UV,
for this absorber; therefore, it presents an intense ab-
sorption between 300â340 nm, region with a maximum
yellow-line emissions. The absorber cannot be used
without âOH groups, because they do not have a good
stability to irradiation, due to the fact that they cannot
form the intramolecular hydrogen bonds in the absorber
selection. The substrate polarity is very important as
well. 
The efficiency of the 2-(2¥-hydroxy-5¥-methylphenyl)-
benzotriazole absorber depends on its stability in time
at the UVR action (table 5). Therefore, according to the
obtained data, the stability in time of the 2-(2¥-hydroxy-
5¥-methylphenyl)-benzotriazole absorber at UVR action
is high, because more than 248 exposure hours are ne-
cessary in order to obtain a considerable decrease of
the absorption.
The addition of the 2-(2¥-hydroxy-5¥-methylphenyl)-ben-
zotriazole absorber in the dye solutions prevents the
degradation of the dyes and assures the maintenance
of the absorption capacity at high values (2.5) as com-
pared the dyeing solution without absorber.

RESULTS AND DISCUSSIONS

The affinity of the cationic dyes for the polyacrylic fibres
is the result of their anionic character. The fixation me-
chanism of the cationic dyes on the polyacrylic fibre, is
ionic in the first stage. At the same time, the cationic
dyes are dissolved in the polyacrylic fibre; the fibre with
terminal anionic groups can be considered an electro-
lyte. 
The polyacrylic fibres are hydrophobic and contain ani-
onic groups in their molecules [4]. As a result, they can
be dyed with cationic dyes. Also, the polyacrylic fibres
obtained with the same initiator, but which have dif-
ferent polymerization degree, require different quanti-

ties of dyes. The equivalent of dye was well correlated
with the terminal anionic groups from the fibre.
Therefore, an ionic change dyeing mechanism is ob-
tained, because the sulphate or hydroxyl groups, which
are within the fibre (resulted from initiators as per sul-
phate or urea, thyourea), represent active centres that
have no motility. To this ionic change process parti-
cipate also the carboxyl groups resulted from the acci-
dental hydrolysis of the nitrilic groups from the polymer.
Generally, there is proportionality between the quantity
of acid groups in the polyacrylic fibre (3.2â4.5 ⋅ 10â5

equivalent/g support) and the dyeÖs saturation con-
centration in the textile support. The polyacrylic fibres
have a high molecular mass and high polymerization
degree; a high number of monomers are top-tail linked,
one after the other, izotactic, without 180o rotations.
The asymmetric alternation of the crystalline zones with
the amorphous zones, in the polyacrylic fibre, leads to
a non-uniform dyeing, because only the amorphous
zones are accessible to the dyestuff. Increasing their
percentage by increasing the finishing temperature, in
most cases does not lead to favourable results, be-
cause of the following two reasons:
● reaching the nitrification temperature (or proximity)

leads to fixing process of hidden reasons, associated
with substantial hydrolysis reactions;

● the extended use of polyacrylic fibres is mainly due to
the fact that they are able to mimic wool. As the âCN
groups gradually hydrolyze the âCOOH ones, the
partially hydrolyzed fibre resembles the cotton touch.

The dyeing process of polyacrylic fibres is performed
only in the amorphous places of the fibre; their increase
can be determined by the increase of the temperature
necessary for the fixation process, until close proximity
to the vitrifying point of the support. In fact, the dyeing
process consists of four stages [4, 8, 9]: the dye
migration from solution to the external surface of the
fibre; the adsorption of the dye cation found on the fibre
external surface; the diffusion of the dye inside the fibre;
the formation of electrovalent bounds between the
cation of the dye and the anion of the fibre. Solving the
different problems arisen during the dyeing process,
which made the object of many studies, was possible
due to the application of new synthesized cationic dyes,
varying in colours from light blue to dark blue and which
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Fig. 2. The UV-VIS spectra of blue cationic dyes 4 derived by compact condensed system 2-aminothiazolo [5,4-b] quinoxaline-carboxylic 
acid + 2-(2¥-hydroxy-5¥-methylphenyl)-benzotriazole UV absorber after: a â 0 h of irradiation; b â 124 h of irradiation; c â 248 h of irradiation

a b c



manifest a high affinity for substrate, affinity that is
doubled by the quick desorption ability on the primary
active centres. In this way, the ionisable chain ends can
contribute, in the first stage of the tinctorial process, to
increasing the migration rate of the dyestuff from the
solution to the external surface of the fibre. Of great
importance is also the study of the interaction between
the two partners, dye and fibre, knowing that each step
of the polyacrylic fibre dyeing process can become the
speed determinant, in a given technological context:
● the migration of the dye from the solution to the

external surface of fibre (electrostatic attraction â
ends of chain â dyestuff);

● the electrostatic interaction and salts generation on
the external surface of the fibre (a reversible
process);

● the migration of the dyestuff to the internal surface of
the fibre and releasing of anionic centres from the
substrate chain ends, fact that allows the process to
be repeated from the beginning.

We can justify the possibility of achieving a thorough
dyeing, when the number of dye equivalents is much
grater than the number of anions present at the ends of
the fibre chain. Therefore, the introduction in the struc-
ture of the cationic dyes of supplementary protonation
centre of reduced relative basic capacity can be
favoured by the decoupled process when the dye
arrives on the external surface of the fibre. In this case,
the dye migrated easily to the internal surface of the
fibre.
Also, the dye-fibre affinity is a result of the different
types of interactions: hydrogen bonds, dipole-dipole in-
teractions and Van-der-Waals forces. Cationic dyes
have hydrogen atoms in their molecule, which are
capable to form the hydrogen bonds with the oxygen
and nitrogen atoms on the fibre. Dipole-dipole inter-
actions result from the asymmetrical structure of the
dye molecules, making possible the electrostatic inter-
actions between dipoles on the dye molecular and
polarized bond on the fibre. Van-der-Waals forces take
effect when the molecules of the fibre and dye are
aligned and close to each other. These forces are very
important in the textile fibre because they can take the
effect between the aromatic groups of the fibre and
those of the dye.
Generally, the selection of dyes depends on the cri-
terion concerning the affinity of dyes on the fibres,
because this is the main criterion, which influences the
dyeing procedure of the textile fibres. Depending on the
structure/complexity of molecule, the dyes (table 3)
have to be the most intense coloured (the colour is
given by chromophore systems); thus, the shadows
obtained on he synthetic fibres are bright and light-
proofed. If the fading phenomenon is produced by the
exposure to light of the dyed fibre, then a more or less
advanced destruction of the dye occured. This degra-
dation process of the dye on fibre depends on the
structure and nature of the fibre used. The presence of
electron donor groups in dye molecules can be
determined to displace the absorption maximum at the
highest wavelength and to decrease the light resistance
(cationic dyes 1-6). The chosen cationic dyes derived
of compact condensed systems with thiazolic ring

(dependind on the steric configuration of the molecule
and a high molecular mass) have a good diffusion rate
in the polyacrylic fibre.
In conclusion, the affinity of new synthesized cationic
dyes 1-6 depends on the presence of functional groups
in the dye molecule, as well as on the dye dispersion
degree and nature of the fibres.

Tinctorial tests
The tinctorial efficacy of a dye, at any given concen-
tration, is defined as the perceptual colour intensity per
unit dye concentration (g/m2) in the fabric. Colour inten-
sity is expressed by the Kubelka-Munk ∆K/S values
calculated from the reflectance measured as lightness-
darkness, with a green tristimulus filter. A lot of ∆K/S
versus dye concentration in the fabric is linear on the
logarithmic scales and yields at two parameters that
describe the tinctorial efficacy of the dyeing process.
Tinctorial tests were realized on the polyacrylic fibres.
The fibres were subjected to the quality tests by esti-
mation of the fastness shades on the grey scale; the
results were expressed by note from 1 at 5 (table 6).
The perspiration/light fastness of the cationic dyes in-
creases if dye solution 2-3% it used. This aspect deter-
mines the improvement of the dyeing fastness with
1/2â1 tone.
The research studies [9â16] show the fact that all six
chosen cationic dyes derived, from the compact con-
densed systems with thiazolic ring (table 3) have dyed,
to polyacrylic fibres in blue, green and brown-red sha-
des, with good fastness to perspiration/light, good
fastness to ironing and rubbing, but not so good
fastness to washing at 40oC. The relationship between
colour and the perspiration/light fastness test was
influenced by the coupler colorant. Also, the number of
electron donating groups in the cationic dye molecule
led to a displacement of the absorption maximum at the
highest wavelengths and, implicitly, to the decrease of
the light fastness. The UV absorber, Tinuvin P, did not
react with the cationic dyes 1-6, because the de-
creasing order is in the same manner as in the case of
UV spectra registration-only for the alone absorber. The
degradation of dyes increases proportionally with the
irradiation time, fact demonstrated by the decrease of
the molar extinction coefficient (tabel 5 and 6) and by
the displacement of the absorption maxima to small
wavelengths. Also, the suplimentary absorption maxima
may appear, which indicates some secondary com-
pounds, due to the degradation of dyes.
The advantages resulted by the introduction of 2-(2¥-
hydroxy-5¥-methylphenyl)-benzotriazole absorber in the
dye solutions are: the dyeÖs absorption capacity incre-
ment after exposure to UV radiations; in UV area, the
absorption intensity in the UV absorber is higher than
the absorption intensity of the dyes and, therefore, the
energy of UV radiations is absorbed by the 2-(2¥-
hydroxy-5¥-methylphenyl)-benzotriazole absorber; the
presence of UV absorber moving the dyes absorption
maximum from the visible highest wavelength (batho-
chromic shift). The degradation assessment for the un-
dyed and dyed melana fibres treated and untreated with
UV absorber was achieved by the analysis of samples
exposed to radiation (table 6), assessing the dyeing

173industria textil„ 2010, vol. 61, nr. 4



colour, the fastness to light and the decoloration de-
gree. The melana fibres untreated with UV absorber
were degraded quickly, as compared to the dyed fi-
bres; therefore, a protection effect of dye against light
was noticed. The addition of the 2-(2¥-hydroxy-5¥-me-
thylphenyl)-benzotriazole absorber to dyed polyacrylic
fibres leads to a shade modification, i.e. maximum one
tone on the grey scale (4/5 only at 4). The dyebath pH
is very important as well, because the best photo-
stabilization of the fibre takes place at acid pH. The
melana acrylic fibres tread with 2-(2¥-hydroxy-5¥-methyl-
phenyl)-benzotriazole absorber, while exposed to UV
radiations, did not lead to a significant decoloration of
the textile fibres.  

CONCLUSIONS

In this study, six cationic dyes were chosen and ob-
tained by original synthesis for the first time, in order to
be applied to the polyacrylic fibres, melana type. The
selection of dyes was done acording to the following
criteria: the affinity face to the textile fibre; the colour of
the obtained compound; the stability in time for the

chosen dyes. An UV absorber, of Ciba-Geigy firm, Ti-
nuvin P from benzotriazole class was chosen for the
photostabilization of the cationic dyes used for dyeing
the polyacrylic fibres. The efficiency of the 2-(2¥-hydro-
xy-5¥-methylphenyl)-benzotriazole absorber depends on
its stability in time to the UVR action. According to the
obtained data, the stability in time of the 2-(2¥-hydroxy-
5¥-methylphenyl)-benzotriazole absorber to the UVR ac-
tion is high, because more than 248 exposure hours are
needed, in order to register a considerable decrease of
the absorption. 
The researches show that the 2-(2¥-hydroxy-5¥-methyl-
phenyl)-benzotriazole absorber introduction in the
cationic dyes leads to the increment of dyes absorption
capacity, after exposure to UV radiations; in the UV
area, the absorption intensity of the UV absorber is
higher than the dyes absorption intensity, therefore the
UV radiations are uptaken by 2-(2¥-hydroxy-5¥-methyl-
phenyl)-benzotriazole absorber; the presence of the UV
absorber moves the dyes absorption maximum from the
visible to the highest wavelength (bathochromic shift).
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Table 6

THE FASTNESS TO THE LIGHT VALUES OF MELANA ACRYLIC FIBRES TREATED AND UN-TREATED WITH UV ABSORBER

The exposure time at irradiation of melana fibres, h 100 200 300
White melana fibres, un-dyed, without UV absorber 4 3 2/3
Dyed melana fibres with blue cationic dye 1 without UV absorber 5 4 3
Dyed melana fibres with blue cationic dye 2 without UV absorber 4 4/3 3
Dyed melana fibres with blue cationic dye 3 without UV absorber 5 4/5 4
Dyed melana fibres with blue-violet cationic dye 4 without UV absorber 4/5 4 3
Dyed melana fibres with green cationic dye 5 without UV absorber 5 4 3
Dyed melana fibres with brown-red cationic dye 6 without UV absorber 5 4/3 3
Dyed melana fibres with blue cationic dye 1 with2-(2¥hydroxy-5¥-methylphenyl)- 5 5 5/4
benzotriazole absorber
Dyed melana fibres with blue cationic dye 2 with2-(2¥hydroxy-5¥-methylphenyl)- 5 5/4 4
benzotriazole absorber
Dyed melana fibres with blue cationic dye 3 with2-(2¥hydroxy-5¥-methylphenyl)- 5 5 5/4
benzotriazole absorber
Dyed melana fibres with blue cationic dye 4 with2-(2¥hydroxy-5¥-methylphenyl)- 5 5/4 4
benzotriazole absorber
Dyed melana fibres with green cationic dye 5 with2-(2¥hydroxy-5¥-methylphenyl)- 5 4 4
benzotriazole absorber
Dyed melana fibres with brown-red cationic dye 6 with2-(2¥hydroxy-5¥-methylphenyl)- 5 4 4
benzotriazole absorber
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Editat„ de Institutul Na˛ional de Cercetare-Dezvoltare
pentru Textile ∫i Piel„rie, cu sprijinul Autorit„˛ii Na˛ionale
pentru Cercetare ™tiintific„, lucrarea prezint„ elemen-
tele necesare ∫i suficiente pentru Ón˛elegerea no˛iunii de
structur„ metatextil„. 
Prin metamaterial se Ón˛elege acel material care prezint„
propriet„˛i ce nu se reg„sesc Ón natur„, de tipul mate-
rialelor Veselago, cu indice de refrac˛ie negativ, care
rezult„ din existen˛a valorilor negative ale permitivit„˛ii
electrice ∫i ale permeabilit„˛ii magnetice.
Cartea este structurat„ Ón dou„ mari capitole â unul
viz‚nd no˛iuni legate de nanoparticule (interac˛iuni la
nivel nano, latici, chiralitate) ∫i al doilea dedicat no˛iunii
de metamateriale, cu trimitere la caracterizarea com-
portamental„ a mediilor ce prezint„ propriet„˛i electro-
magnetice: ecua˛iile lui Maxwell, legile constitutive spe-
cifice c‚mpurilor electromagnetice, ecua˛iile lui Maxwell
pentru mediile Ón mi∫care (grupul lui Lorentz, forma co-

variant„ a ecua˛iilor lui Maxwell etc.) ∫i propagarea
undelor elecromagnetice Ón medii dielectrice neomo-
gene. Toate no˛iunile sunt prezentate Ón scopul Ón˛ele-
gerii no˛iunii de àpelerin„ invizibil„Ü. Œn final, sunt pre-
zentate dou„ modalit„˛i de abordare a posibilit„˛ilor de
realizare a materialelor invizibile: tehnologia proiec˛iei
retroreflexive (metoda prof. Susumi Tachi de la Uni-
versitatea din Tokio), metoda transform„rilor optice ba-
zate pe rezultatele teoretice ∫i pe simul„rile numerice
ob˛inute cu ajutorul produsului COMSOL MULTIPHY-
SICS, de c„tre cercet„torii Min Qiu, Min Yan, Wei Yan,
J. B. Pendry, D. Schurig, D. R. Smith, C. Li  si F. Li.
Lucrarea este util„ speciali∫tilor Ón domeniu, produ-
c„torilor ∫i furnizorilor interesa˛i de acest nou domeniu
al industriei textile, precum ∫i studen˛ilor din cadrul
institutelor politehnice, preocupa˛i de studiul materia-
lelor metatextile.
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Clothing total thermal and evaporative resistances
are the two most important parameters for thermal

comfort and human heat balance models. Total clothing
evaporative resistance Re is the combined resistance
provided by clothing Recl (clothing intrinsic evaporative
resistance) and the surrounding layer of air Rea (eva-
porative resistance of the air layer). This relationship
can be mathematically described as:

(1)

Values for Re and Rea can be measured from variations
of the standard tests for clothing thermal resistance by
using either a sweating guarded hot plate or a sweating
thermal manikin. The intrinsic clothing evaporative re-
sistance Recl and effective clothing evaporative resis-
tance Recle are calculated from the following equations:

(2)

(3)

where:
fel is the clothing area factor, the ratio outer surface

area of a clothed person and a nude person.
This can be measured by photographic or 3D whole
body scanning methods. The surface area increased
resulted from wearing clothing depends on the thick-
ness of the clothing, which is relate to the clothing
thermal resistance. The clothing area factor may also
be estimated from the equation proposed by McCul-
lough and Jones in 1984:

(4)

where:
Icl is the clothing intrinsic thermal resistance, clo.
Although ISO 9920 provides a database on the clothing
area factor and intrinsic clothing thermal resistances 
of many western, Gulf region and Korean clothing en-
sembles, it is still a challenge to accurately measure the
clothing area factor. Moreover, the empirical equation
regarding clothing evaporative resistance values of mul-
ti-layer clothing ensembles based on individual gar-
ments hasnÖt reported yet. It is necessary to develop
empirical equations to estimate the intrinsic and effec-
tive evaporative resistances of clothing ensembles by
using the summation of individual garment. Additionally,
the empirical equations are expected to be used for
clothing manufacture companies and consumers for
rough estimations. In this paper, we used a fabric
sweating thermal manikin Walter to investigate the re-
lationship between clothing ensembleÖs evaporative
resistances (intrinsic and effective evaporative resis-
tances) and the summation of the evaporative resis-
tance of individual garments. Two empirical equations
for estimation of clothing effective and intrinsic evapo-
rative resistances were also developed. 

METHODS
Clothing ensembles tested
Two kinds of knitted underwear (U1 and U2), three dif-
ferent middle-layer garments (M1, M2 and M3), a nylon/
cotton Gore-Tex jacket (O) and a pair of long trousers
(T) were used in this study. With these sets of clothing,
nineteen different clothing combinations were selected

  f Icl cl= +1 0 31.

 R R Recle e ea= +

 
R R R
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Empirical equations for intrinsic and effective evaporative resistance
of multi-layer clothing ensembles

FAMING WANG XIAOHONG ZHOU
ERLI JI SHANYUAN WANG

REZUMAT â ABSTRACT â INHALTSANGABE

Ecua˛ii empirice de determinare a rezisten˛elor intrinseci ∫i efective la evaporare ale ansamblurilor vestimentare multistratificate
Pentru a determina valorile rezisten˛ei intrinseci ∫i ale celei efective la evaporare, at‚t la Ómbr„c„mintea individual„, c‚t ∫i la ansamblurile
vestimentare multistrat destinate sezonului rece, s-a folosit manechinul termic Walter. Pornind de la test„rile efectuate asupra Ómbr„c„mintei
individuale, au fost dezvoltate dou„ ecua˛ii empirice de estimare a acestor rezisten˛e, ele fiind utile at‚t produc„torilor de Ómbr„c„minte â pentru
o estimare global„ a rezisten˛ei intrinseci/efective la evaporare, c‚t ∫i utilizatorilor â pentru asigurarea unui confort termic optim.
Cuvinte-cheie: rezisten˛„ la evaporare, manechin termic, ecua˛ie empiric„, ansambluri vestimentare

Empirical equations for intrinsic and effective evaporative resistances of multi-layer clothing ensembles
To determine the intrinsic and effective clothing evaporative resistances, both in the individual clothing, and in the multi-layer clothing
ensembles meant for the winter season, a fabric sweating thermal manikin Walter was used. Based on the tests performed on the individual
garments, two empirical equations were developed for the estimation of these resistances, useful either to clothing manufacturers â to roughly
estimate the clothing intrinsic/effective evaporative resistance, or to consumers â to assure them an optimal thermal comfort. 
Key-words: evaporative resistance, thermal manikin, empirical equation, clothing ensembles

Empirische Gleichungen f¸r die Bestimmung des eigentlichen und effektiven Verdunstwiderstandes 
der Multi-Schicht Bekleidungsensembles

Um die Werte des eigentlichen und effektiven Verdunstwiderstandes zu bestimmen, sowohl bei der individuellen Bekleidung, als auch bei der
Multi-Schicht Bekleidung f¸r den kalten Saison, wurde das thermische Mannequin Walter verwendet. Aufgrund der Teste, durchgef¸hrt auf
individueller Bekleidung, wurden zwei empirische Gleichungen f¸r die Sch‰tzung dieser Widerst‰nde entwickelt, indem sie sowohl den
Bekleidungsproduzenten â f¸r eine globale Sch‰tzung des eigentlichen/effektiven Verdunstwiderstandes als auch den Endverbrauchern â f¸r
die Sicherung eines optimalen thermischen Komfortes, wertvoll sind. 
Schlusswˆrter: Verdunstwiderstand, thermisches Mannequin, empirische Gleichung, Bekleidungsensembles 



at random for the tests. The details of all clothing en-
sembles are listed in table 1.

Thermal manikin
A fabric sweating thermal manikin Walter (fig. 1) was
used to test the thermal and evaporative resistances of
these garments. With this manikin, the total thermal
resistance can be measured and calculated by using
the following equations:

(5)

(6)

(7)

where:
Rt is the total thermal resistance of a gar-

ment, m2 ⋅ oC/W;
A â the body surface area, m2;
ts , ta â the skin and ambient temperature res-

pectively, oC;
H, Hd , He â the total, dry and evaporative heat loss,

W;
E â the latent heat of evaporation of water at

the skin temperature, W ⋅ h/g;
Q â the sweating rate, g/h.
The total evaporative resistance of a garment can be
calculated by:

(8)

where:
Re is the evaporative resistance, Pa ⋅ m2/W;
ps , pa â the water vapor pressure at the skin and

the ambient temperature, Pa;
psf , paf â the saturated water vapor pressure at

the skin temperature and ambient tem-
perature, Pa;

RHs , RHa â relative humidity at the skin surface and
the ambient respectively, %.

Test conditions
The core temperature of thermal manikin Walter was
controlled at 37oC. The area of the climatic chamber 
is 4.0 ⋅ 2.5 ⋅ 2.1 m and all tests were conducted at an
ambient temperature of 8 ± 0.5oC, relative humidity of
50 ± 5% and an air velocity of 0.3 ± 0.1 m/s. Two 
Pt-100 RTD stainless steel temperature sensors, two
Honeywell humidity sensors (HIH-3610) and an air ve-
locity sensor (Testo 435, Germany) were used in the
climatic chamber. Fifteen RTD temperature sensors
were attached using a flat elastic webbing belt at dif-
ferent body parts (head, chest, back, tummy, hip, right
upper arm, tight lower arm, left upper arm, left lower
arm, right anterior thigh, right posterior thigh, left an-
terior thigh, left posterior thigh, right shin, left shin) of
the manikin surface skin to measure the skin surface
temperatures. An average temperature value of these
15 points was used as the mean skin surface tem-
perature. All clothing ensembles were put inside the
climatic chamber where the conditioned air tempera-
ture 20oC and 50% RH for 24 hours before the mea-
surement to stabilize. Each of the tests at one condition
was repeated three times and the mean values were
used for the final analysis. The recordings were
considered good and correct if the coefficient of vari-
ance of all values measured for each clothing ensemble
stayed below 10%. Finally, all the tests were strictly
conducted according to ISO 15831, clothing physio-
logical effects-measurement of thermal insulation by
means of a thermal manikin, and ASTM F 2370, stan-
dard test method for measuring the evaporative resis-
tance of clothing using a sweating manikin.

RESULTS AND DISCUSSION

A computer automatically records the manikin skin sur-
face temperature â Ts , the ambient temperature â Te ,
ambient relative humidity â He, total heat loss value â E,
and the sweating rate â Q. The thermal resistance â 
Rt and evaporative resistance â Re of the clothing 
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Table 1

Sample Blend Weight,
code Component ratio, g Descriptions

%

U1 Polyester/spandex 93/7 112 Coolmax fabric
U2 Cotton 100 103 Plain weave fabric,

knit
Fabric: Nylon taffeta Average weight:
(70D x 70D) 90/10 343 0.839 mg/block

M1 Filling: white White duck down
duckling down/PET length of a fibril:

5â30 mm
Average diameter of
fibrils: 21.0 µm

Fabric: Nylon taffeta
M2 (70D x 70D) 100 367 PET wedding

Filling: polyester
100%
Fabric: Nylon taffeta

M3 (70D x 70D) 100 354 High isulating porous
Filling: polyester
100%

Plain weave fabric
O Nylon/cotton 67/33 802 laminated with

Gore-tex membrane,
windproof jacket

T Nylon 100 416 Moisture
management fabric

Fig. 1. The sweating fabric thermal manikin
Walter



ensembles can also be calculated by the LabVIEW
program (National Instrument, USA). All measured and
calculated parameters are listed in table 2. Since the
same pair of trousers were used for all tests, the
thermal and evaporative resistances when the manikin
only wearing the trousers could be deemed as the
basic thermal and evaporative resistances of the air
layer. As a result, the thermal and evaporative
resistances of the air layer are 0.135oC ⋅ m2/W and
16.63 Pa ⋅ m2/W.
The calculated intrinsic, effective clothing evaporative
resistances and clothing area factor of all 18 possible
clothing combinations (exclude the clothing combi-
nation T) are listed in table 3. It can be clearly seen that
the effective evaporative resistance of a clothing com-
bination is larger than its intrinsic evaporative resis-
tance. Hence it is demonstrated that the clothing area
factor is larger than 1 due to the thickness of the added
clothing. The calculated clothing area factor of all 18

clothing ensembles by equation (4) ranges from 1.139
to 1.560. 
The accumulated effective evaporative resistance ΣRcle
of the clothing ensemble can be achieved by adding up
the effective evaporative resistance of individual gar-
ment. Similarly, the accumulated intrinsic evaporative
resistance ΣRcl of individual clothing in a multi-layer
clothing ensemble can be also easily acquired. Accor-
ding to the data of effective and intrinsic evaporative
resistances for 18 clothing ensembles presented in
table 3, the relation between accumulated intrinsic (or
effective) evaporative resistances and total intrinsic 
(or effective) evaporative resistance of multi-layer gar-
ments could be developed using origin software â
OriginLab Corporation, Version 8.0, USA (fig. 2). The
empirical equations are listed as follows:

(9)
  
R Recl ecl= +∑0 60 5 89. .
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Table 2

Clothing Ts , Te , He , E, Q, Rt , Re ,
combinations oC oC % W g/h oC ⋅ m2/W Pa ⋅ m2/W

T 31.5 8.4 55 601 422 0.135 16.6

U1T 32.9 8.5 55 456 326 0.190 27.3

U2T 32.8 8.1 55 490 364 0.189 23.5

M1T 34.1 8.2 45 381 283 0.254 37.9

M2T 33.1 8.1 45 422 324 0.229 29.0

M3T 33.2 8.3 46 415 308 0.225 31.2

OT 34.0 8.5 53 383 282 0.246 36.2

U1M1T 34.2 7.5 46 361 268 0.278 40.4

U1M2T 34.6 8.2 48 341 250 0.288 36.3

U1M3T 34.2 7.8 46 364 272 0.274 39.7

U2M1T 34.1 8.3 49 333 251 0.282 42.1

U2M2T 33.9 8.5 54 377 289 0.257 34.3

U2M3T 34.2 8.2 47 387 281 0.255 37.9

U1M1OT 34.4 8.0 45 294 235 0.371 48.1

U1M2OT 34.6 8.2 45 327 258 0.335 43.6

U1M3OT 34.9 8.4 45 308 236 0.334 49.9

U2M1OT 34.2 8.2 46 292 229 0.354 48.5

U2M2OT 34.5 7.9 45 318 254 0.344 44.0

U2M3OT 34.9 7.9 47 307 229 0.330 51.5

Fig. 2. Relations between accumulated clothing effective/intrinsic evaporative resistance and clothing effective/intrinsic evaporative
resistance: a â intrinsic evaporative resistance of clothing ensembles and sum of intrinsic evaporative resistance of individual garment; 

b â effective evaporative resistance of clothing ensembles and sum of effective evaporative resistance of individual garment

a b



(10)

Or, with slightly reduce the accuracy, we can get the
following two empirical equations:

(11)

(12)

It can be deduced from figure 2a that there is a good
linear relationship between the accumulated clothing
intrinsic evaporative resistance ΣRecl and the intrinsic
evaporative resistance Recl of the clothing ensemble.
Hence, we can use accumulated clothing evaporative
resistance of individual garment to predict the total
evaporative resistance of a multi-layer clothing ensem-
ble. Since thermal manikin tests are costly, using such
an empirical equation could rapidly estimate clothing
total evaporative resistance by using the value of the

individual garment. Similarly, the effective clothing eva-
porative resistance of a specific multi-layer clothing en-
semble can also be predicted using the equation pre-
sented in figure 2b. Furthermore, we can use clothing
effective evaporative resistance to replace clothing in-
trinsic evaporative resistance for rough estimation due
to the fact that the measurement of the clothing area
factor is difficult and time-consuming.
In this paper, we only investigated the two static eva-
porative resistances (intrinsic and effective) of winter
garments due to the fact that heat pumping effect
resulted from walking and air speeds is small for thick
clothing ensembles. It would be more useful to con-
sider effects of both the air velocity and walking speed
on the resultant evaporative resistance for both thick
and thin clothing ensembles. Further studies will be
focused on the effects of walking and air velocity on the
resultant evaporative resistance of various clothing, es-
pecially one-layer light summer series clothing.

CONCLUSIONS

In this paper, a fabric sweating thermal manikin Walter
was used to develop the relation between total intrinsic
evaporative resistance of a multi-layer clothing ensem-
ble and the accumulated intrinsic evaporative resis-
tance of the individual garment. Two empirical equa-
tions on ensemble evaporative resistance based on
summation of individual garments were also developed.
Some of the novel findings in this study are summarized
as follows:
● The two empirical equations for clothing intrinsic and

effective evaporative resistances are:

● It is useful to use accumulated intrinsic evaporative
resistance of individual garment to predict the total
intrinsic evaporative resistance of a multi-layer
clothing ensemble. On the other hand, the effective
evaporative resistance could be also used to estimate
the clothing intrinsic evaporative resistance for a
rough estimation due to the difficulty of measuring
clothing area factor.
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Table 3

Clothing Rcl Rcle fcl
combinations Pa ⋅ m2/W Pa ⋅ m2/W

U1 10.7 12.8 1.14

U2 6.9 8.9 1.14

M1 21.2 25.0 1.30

M2 12.4 15.6 1.24

M3 14.6 17.6 1.23

O1 19.6 23.2 1.28

U1M1 23.8 28.1 1.35

U1M2 19.7 24.2 1.37

U1M3 23.0 27.3 1.34

U2M1 25.5 29.9 1.36

U2M2 17.7 21.6 1.30

U2M3 21.3 25.1 1.30

U1M1O 31.4 37.4 1.56

U1M2O 26.9 32.3 1.48

U1M3O 33.3 38.6 1.48

U2M1O 31.9 37.6 1.52

U2M2O 27.3 32.9 1.50

U2M3O 34.8 40.2 1.47
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Cea de-a VIII-a edi˛ie a celui mai important t‚rg
comercial interna˛ional de materiale pentru amenaj„ri
interioare, perdele ∫i draperii â PROPOSTE, s-a desf„-
∫urat Ón perioada 5â7 mai 2010, la Villa Erba/ Cer-
nobbio.
Din cei 103 expozan˛i europeni, 53 au fost din Italia.
Num„rul total de vizitatori profesioni∫ti a sc„zut 
cu 2,5%, fa˛„ de anul 2009. Totu∫i s-a Ónregistrat un
num„r de 6 553 de vizitatori â dintre care 2 698 (41%)
italieni ∫i 3 855 din alte 70 de ˛„ri â la care s-au ad„ugat
442 de jurnali∫ti ∫i invita˛i.
Œn topul ˛„rilor cu prezen˛a cea mai mare s-a aflat
Germania, Marea Britanie, Fran˛a, Statele Unite ale
Americii ∫i Rusia.
Interesant este faptul c„ s-a Ónregistrat o cre∫tere a
particip„rii din partea Americii (+29%), Rusiei (+11%)
∫i Arabiei Saudite (+46%), Ón timp ce, a∫a cum era de

a∫teptat, num„rul de vizitatori din Grecia ∫i Portugalia a
sc„zut.
Cele 11 oficii Ónfiin˛ate pentru pres„ au g„zduit 20 de
companii editoriale, ce au reprezentat un total de 56 de
publica˛ii. 
Contrar unor a∫tept„ri pesimiste, bazate pe efectele
crizei financiare pe care o travers„m, rezultatele exce-
lente ale PROPOSTE 2010, au demonstrat c„ cererea
de produse inovatoare, de Ónalt„ calitate, continu„ s„ fie
ridicat„ pe pie˛ele interna˛ionale. 
Pe durata celor trei zile ale evenimentului, un colectiv de
jurnali∫ti ∫i stili∫ti au f„cut o evaluare a colec˛iilor expuse
la t‚rg, dintr-o perspectiv„ mondial„ àpremiereÜ, iar
tendin˛ele Ón domeniul textilelor destinate amenaj„rilor
interioare vor fi prezentate, Ón cur‚nd, Óntr-un num„r
special àMade in Europe Trends at Proposte 2010Ü
publicat pe website la adresa: www.propostefair.it.

Informa˛ii de pres„. Proposte, Milano, 11 mai 2010
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The economic globalization forces the enterprises to
evolve in an ever more competitive, complex, and

continuously changing and transforming environment.
They have to anticipate the market evolution, to adopt
strategic commercial options, to optimize the Customer
Lifetime Value, and to implement commercial strategies
able to establish and systematically follow the customer
relationship in concern with profitability and durability.
Some authors argue for extending the standard stra-
tegies defined by Porter (cost domination, differen-
tiation, concentration strategy), to a customer rela-
tionship approach [1, 2].
The emergence of IT&C, and particularly of the Internet
related technologies, opens the perspective of develo-
ping and implementing advanced Customer Relation-
ship Management (CRM) solutions (optimally integra-
ting: Strategic CRM, Operational CRM, Analytical
CRM, Collaborative CRM) able to support customer
understanding, relationship strategy, communication
and enterprise added value. The IT&C integration re-
presents a vector for the commercial operations sti-
mulation and performance improvement. 
The impact that the use of the IT&C, and particularly of
the Internet related technologies, may have (it is con-
sidered that the World Wide Web is able to re-launch
the CRM strategy), gained attention of both resear-
chers and practitioners interested in developing models
to estimate the effects that the IT&C, corroborated with
other resources or organizational structures, will have
on performance.
The strategy alignment studies focus mostly on the
effects of the IT&C use on the business strategy [3, 4,
5]. The shift in the enterprise priority from production 
to relationship marketing opens a new research topic:
the particular case of customer oriented strategic align-
ment [5].

This paper capitalizes the results of previous research
studies in the IT&C strategic alignment and proposes a
model analysis framework for the IT&C strategy to
customer orientation.

THE CRM CONCEPTUAL FRAMEWORK 

Developed in the late Ö90s, the term CRM is associated
to various representations and concerns both academia
and the entrepreneurs.
Also known, in a different context, as relationship mar-
keting and customer management, CRM consists in a
set of processes and instruments used to create, de-
velop and augment the business relationships with the
customers.
Wilfrid and Adel define the CRM concept as Üa set of
instruments and techniques designed to capture, ma-
nage and analyze the customers and prospects related
information, in view of preserving the relationships with
these, by offering qualitatively superior productsá [6].
Other authors view CRM as a client-oriented business
model, describing an enterprise strategy that places the
customer at the centre of an organizationÖs business
processes, activities and culture [7].
As opposed to the product oriented strategy, described
as an organizationÖs effort to find customers for the
offered products or services using marketing strate-
gies, the customer orientation assumes developing pro-
ducts or services that correspond to the customer
needs. The strategic perspective follows the research
aiming to prove that the market orientation, and espe-
cially the customer orientation, are a source of com-
petitive advantage [1] and contribute to the organiza-
tional performance improvement in general, and to the
commercial performance in particular [6]. This ap-
proach implies a continuous effort, requiring re-thinking

Strategic alignment to customer orientation
VASILE FLORESCU IULIANA IONESCU
BOGDAN IONESCU C√T√LIN TUDOR

REZUMAT â ABSTRACT â INHALTSANGABE

Alinierea strategic„ la orientarea c„tre client
Cercet„rile actuale fac tot mai mult referire la alinierea strategiei tehnologiilor informa˛ionale ∫i de comunica˛ii (IT&C) la strategia de afaceri
pentru atingerea obiectivelor de performan˛„ organiza˛ional„. Articolul prezint„ cadrul conceptual al managementului rela˛iilor cu clien˛ii (CRM),
analizeaz„ contribu˛ia IT&C la performan˛a organiza˛iei ∫i propune un model de analiz„ a alinierii strategice orientate c„tre client.
Cuvinte-cheie: orientare client, sistem CRM, strategie IT&C, aliniere, performan˛„, succes 

Strategic alignment to customer orientation
Current research is referring more and more to the Information Technology and Communications (IT&C) strategy alignment to the business
strategy meant to reach the organizational performance objectives. This paper presents the conceptual framework of the Customer
Relationship Management (CRM), assesses the IT&C contribution to the organization performance, and proposes an analysis-model for the
customer-oriented strategic alignment.
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Strategische Ausrichtung zur Kundenorientierung
Die gegenw‰rtigen Untersuchungen behandeln immer mehr die Ausrichtung der Strategie der Elektronik und Datenverabeitung (EDV) zur
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and re-designing the basic business processes, based
on the customerÖs perspective and considering the
feed-back received from him.
Benavent considers CRM also as an organizational
control instrument, used to analyze to what extent the
enterprise can influence its membersÖ behaviour to act
according to the selected strategy [7]. The behaviour-
based control shifts later to a result-oriented control
through reporting, analyzing and selecting the deci-
sion with respect to the acquired performance. In this
sense, Benavent identifies three levels of analysis con-
cerning the CRM concept (fig. 1):
● the strategic level, defining the action rules;
● the structural level, defined, on one side, by the CRM

informational system and, on the other side, by the
customer relationship activity structure;

● the operation level, expressed in business processes
initiated at critical moments occurred in the rela-
tionship with the client.

The informational system helps defining and studying
the various strategic options and guiding the more or
less automated processes.
Considering the CRM issues in terms of informatio-
nal/informatics systems, the direct interaction with the
customer of everything that means sales, marketing or
service can be revealed, including functions that are
often re-grouped under the term of Üfront-officeá, as
opposed to the ERP core functions, termed Üback-
officeá instruments.
The CRM systems carry on two types of operations:
those referring to the strategic conduct (behavioural
studies and analyses, scoring analyses and segmen-

tation, offer tests and definitions), and those pertaining
to the operational administration (sales automation,
direct marketing campaigns automation, invoices and
purchase orders handling, customer service and sup-
port evidence, complaints and compensation adminis-
tration, distribution and sale channels coordination,
customer retention programs, acquisition programs, 
e-commerce, and so on).
The CRM systems are, hence, the instruments that
allow the organization to implement the customer rela-
tionship strategy. The objectives of such a study are
both of a financial nature (income increase, reduction of
costs related to sales and warranty and post-warranty
services) and of a strategic and operational nature (cus-
tomer loyalty increase, product or service distribution
process improvement). The effort required to imple-
ment a CRM system is also justified by its capacity to
suddenly integrate all the aspects related to customersÖ
interaction with the enterprise (marketing, sales, service
and support) in a joint and readily accessible package,
able to confer the user a global vision on any customer
situation.
The CRM systems tie the front-office (sales, marketing,
and customer service) and the back-office (financial,
operational, logistic or human resources) function into
the organizationÖs Ütouch pointsá with the client. The
CRM systems integrate, from this point of view, all the
interaction points around a shared customer vision. 
Figure 2 presents the integration of CRM system spe-
cific functions with the ERP core functions in their key
interaction points, as logistic and informational support
concerning the customer relationship administration.
Concerned by the CRM and ERP systems integration
problem, Chen and Popovich [8] have noted the diffe-
rences between the two information technologies from
a functional and strategic standpoint. While ERP serves
as a basis for integrating all the key processes within an
organization, assuring the integration of all the func-
tional areas, CRM is able to establish a connection
between the back-office and the front-office appli-
cations, in order to maintain the customer relationships
and to maximize the degree of satisfaction and profi-
tability. The CRM systems are web oriented and desig-
ned to expand the ERP systems capacity to explore the
information and to generate new knowledge within the
customer, distributor and product or service provider
supply chain. Organizations may use the CRMÖs ana-
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Fig. 1. The CRM vision within an organization

Fig. 2. The front-office and back-office functions integration in a CRM-ERP system [1]



lytical capabilities to prevent and quickly respond to 
key problems and to share this information with the
partners [9].
Solomon [10] highlights the idea that, although the
CRM systems may be independent of the ERP sys-
tems, while providing clients, suppliers, or employees
web access to sensitive information, implementing such
a system may be regarded as a beneficial aspect only if
an infrastructure based on ERP systems and Business
Intelligence solutions (for data analysis and exploration
operations through data mining or OLAP specific tech-
niques) exists.
A successful CRM system uses the Analytical CRM
instruments and methods to continuously optimize the
integrated enterprise Operational CRM, as well as the
Collaborative CRM specific to the extended enterprise
(fig. 3).
Two dimensions are implicit to a CRM system:
● the temporal dimension, the necessity to build a long

term, profitable relationship;
● the geographic dimension, the wish to be as close to

the customer as possible, whatever the customer
chosen touch point is.

The key CRM system points are:
● Client knowledge â to develop a profitable and

enduring relationship;
● Relationship strategy â the development of long term

commercial relationships;
● Communication â through an integrated communi-

cation channels network; 
● Customized value proposal â to create customized

offers.
The considerable development of the Internet led to the
advent of the e-CRM, a sub-assembly of the CRM that
develops the customer relationship via the Internet. Be-
cause the e-CRM solutions offer the customer a maxi-
mum of means to interact with the enterprise (e-mail,
sale point, call centers, web, interactive vocal server),
they become of strategic importance for more and more
enterprises. For e-CRM to succeed, the marketing and
CRM rules coherence must be ensured.
The internet service and mobile solution emergence
open the perspective of a multi-channel CRM and re-
quire the co-ordination between the customer touch
points and a real time information update. Closing this
section, it is useful to conclude that a CRM system is a
strategy based on the use of IT&C and represented

through processes for activities that support the cus-
tomer relationship, with the purpose of ensuring its
loyalty and maximizing its value.

THE IT&C CONTRIBUTION TO PERFORMANCE

The plain IT&C integration in the operational, infor-
mational and decisional processes specific to the acti-
vities of an enterprise in general, and to commercial
activities in particular, do not guarantee an increase in
its efficiency and, consequently, an increase in perfor-
mance. The increase in IT&C investment does not ne-
cessarily mean an increase in the organizational per-
formance. Particularly important the way the IT&C is
used (the intensity of use and the user satisfaction), the
organizational changes achieved, the competency capi-
talization, the performance affecting factors coherency.
The problem of the IT&C contribution to performance is
recurring in the informational systems research field.
There are several levels of analysis (process, individual,
work group, organization, branch, and so on), for the
performance understanding (action value, customer
satisfaction, flexibility, productivity, and so on), and this
makes the empirical results of the research studies to
be sometimes conflicting. The research studies in the
field highlight two aspects that we consider essential:
● the method selection models;
● the IT&C strategic alignment.

Method selection models
There are two models in selecting the method for
connecting the use of the IT&C to the enterprise per-
formance: 
● the cause model, that tries to establish a direct

connection between the IT&C investment and the
enterprise performance (judged in a diversity of
views: financial performance, competitive perfor-
mance, relationship performance and so on);

● the process model, that tries to analyze the process
by which IT&C contributes to the enterprise per-
formance. This model emphasizes two important
currents: the socio-technical current (the enterprise
performance is related to the IT&C implementation
but also depends on the non-deterministic interaction
between the technical and the social systems) and
the structuralist current.

Multiple methods of evaluating the IT&C contribution to
performance co-exist today, whether driven by the
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cause or by the process models. Jomaa [11] proposes
a new approach for the analysis of the relationship
between IT&C and performance starting from the
question ÜHow are the interactions between the actors
and the organizationÖs structural properties (among
which the IT&C) institutionalized in time and space, in
order to characterize the performance?á
The current research stage does not allow a definite
answer to the issue of the IT&C impact on enterprise
performance: a positive impact could not be systemic,
and a negative impact is also possible. Reflection on
the conditions within which IT&C contributes to the
enterprise strategic goals is mandatory.

The IT&C strategic alignment
At the beginning of the Ö90s, Hendersen and Venka-
traman [5] claimed that the difficulties in making a profit
from the use of IT&C are mainly due to the fact that
enterprises do not ensure IT&C strategy alignment to
the business strategy. The strategic alignment field is at
the interface between two research areas: strategic
management and informational systems management
(that incorporates IT&C).
The alignment (coherence) concept stems from the
idea that a harmonization between multiple contin-
gencies (technological, structural, social) positively
impacts on the organizational performance [4].
Strategic alignment has been studied and then mo-
delled by a number of researchers [3, 12, 13]. The
research models proposed by previous authors have
been tested through empirical studies, based on
questionnaires addressed to a significant Üpopulationá
of enterprises. Most of these models are based on the
contingency theory. According to this theory, the IT&C
solutions may increase the organizational performance
insomuch as they are harmonized to each organi-
zationÖs characteristics and, specifically, to its strategy
and business environment. In this paper, a strategic
alignment effects analysis model is proposed (fig. 4),
inspired by the work of Venkatraman [13] and Bergeron
[14]. The co-alignment concept requires the simulta-
neous evaluation of all the contingencies included in the
model.
According to the model shown in figure 4, there are
four strategic alignment fields:
● Business strategy, defined as an integrated set of

actions aimed at increasing the enterpriseÖs force
and long term prosperity with respect to its com-
petitors; 

● IT&C strategy that can be conceptualized along three
components: the type and variety of systems and
capacities, the systemic competences, and the IT&C
governance.

● Organizational structures that correspond to the
allocation of managerial roles and mechanisms and
allow the enterprises to guide, coordinate and control
the work activities;

● IT&C structures, studied from three perspectives â
IT&C organizational architecture, technological archi-
tecture, and processes and competences.

The research studies related to the strategic alignment
effects must be based on a clear definition of the or-
ganizational performance concept and its strict mea-
sure. Here, organizational performance signifies the
organizationÖs global results. Some researchers diffe-
rentiate the various approaches that allow the orga-
nizational performance measurement:
● objective or qualitative measurements based, usually,

on financial data;
● subjective or qualitative measurements, that rely on

the manager evaluation, considering the intellectual
assets creation, the strategic flexibility etc.

In order to ensure an efficient management, it is im-
portant to measure all the forms of performance con-
tributing to the global performance (clients, partners,
enduring development, internal processes, personnel,
information system). The IT&C success may be regar-
ded as an assembly of effects on enterprise pro-
ductivity, competitive position, seller, profitability, and
performance.
Some empirical research studies based on a causal
model agree in supporting the idea that the IT&C
strategic alignment to the business strategy positively
influences the enterprise performance [14]. The global
hypothesis (IP) for these research studies is: ÜThe more
the informational technologies and communications
(IT&C) are aligned to the enterprise organizational
structure, the higher the organizational performance isá.

CUSTOMER ORIENTED STRATEGIC ALIGNMENT
Customer orientation
Today, we are witnessing a paradigm shift towards
relationship marketing and customer relationship ma-
nagement. The customer is not just a buyer, or a con-
sumer, but, equally, a valued partner in the strategic
marketing processes. It is, thus, developed the concept
of lifetime value that allows the value definition ac-
cording to the customer life cycle.
The enterprises are becoming more and more in-
terested in attracting the customer in the value creation
process and adopt the specific product concept
through a continuous and direct collaboration with the
customer (fig. 5).
Customers represent important sources of information,
ideas and competences that can be explored in a
creative manner and used by enterprises to improve
their offer [15]. The value adding paradigm allows inte-
grating the enterprises and customers experience to
create a customized product offer for each customer. 
The customer value (obtained by combining the fol-
lowing components: current value, competitive value,
and future value) is maximized, when companies and
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customers engage in long term relationships, adding a
customized value based on information exchanges and
on tight collaboration during each R&D, production,
and sale stage [1]. The capacity to integrate and ma-
nage the customer relationships becomes an important
competitive advantage. In this context, the customer
orientation represents the main strategic objective for
the enterprises.
A diversity of the customer orientation concept
definition exists:
● Some studies consider the customer orientation as

an organizational learning process that can be
translated in customer data, information and know-
ledge processing, leading to coherent strategies im-
plementation [16];

● Some authors define customer orientation as a set of
practices that put the consumerÖs interests on the
first place (this not implying the exclusion of the other
parties, such as stakeholders, managers and em-
ployees) with the purpose of developing a profitable
and enduring enterprise [17]. 

● For the authors of this paper, the customer is a con-
struction of the organization coming as a reaction to
perceiving its environment and using, coherently, all
the contact methods. The customer orientation is a
strategy that deals with the enterprise in its entirety; it
imposes a particular organization style and a proper
management method. The customer oriented enter-
prise defines and implements a customer intelligence
capitalization process.

Customer oriented alignment research model
In later years, the commercial strategy and marketing
research community highlights the analysis of the align-
ment between customer orientation and IT&C strategy
[6]. The analysis models present in the literature are
inspired from the Hendersen and Venkatraman strategy
alignment model [3, 11].
The model proposed here (fig. 6) is an extension of the
model developed by Amara and Kalika [6]. It is based
on the contingency theory and has the following spe-
cifics:
● considers performance and CRM system success as

explained variables;
● defines and highlights the relationship existing be-

tween every two explaining variables;
● includes in the model some very important factors for

the customer orientation implementation: organiza-
tional culture (beliefs, norms, internal values accep-
ted by the personnel), management practices (vari-
ous parties in the enterprise create value, using
management practices suitable to customer orien-
tation), and external contingencies (competitive in-
tensity, market turbulence, technology changes, mar-
ket concentration).

The convergence of the customer orientation, organi-
zational structure, IT&C strategy and related structures
determine the CRM performance and success. The
performance is multi-dimensional and cannot be con-
strained to financial results only, meaning to financial
indicators alone. Kaplan and Norton propose an
indicator set, structured in four perspectives [18]:
● stakeholder perspective â financial results;
● customer perspective â customer satisfaction, com-

mercial performance;
● internal processes perspective â reliability, reactivity,

timing and productivity;
● competences and innovation perspective â training,

research, and development.
To simplify, indicators can be grouped in two major ca-
tegories:
● objective indicators (quantitative), based on financial

data, such as financial results, sales figure growth,
market share, profit increase etc;

● subjective indicators (qualitative), based on mana-
gement evaluations regarding customer satisfaction,
customer retention, new products success, and 
so on. 
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Measuring a CRM system success is similar to
measuring the enterprise informational system success.
Customer satisfaction is considered one of the im-
portant means to measure the CRM system success
[13, 18â20].

CONCLUSIONS

Most research studies in literature agree on the globally
positive effect the customer orientation application has
on some aspects of performance [6, 9]. The IT&C use
may have a positive impact on performance only if they
are strategically aligned to customer orientation (pro-
duction of customer needed information, information

dissemination towards enterpriseÖs departments, infor-
mation use to answer customers).
The research model proposed herein is an extension of
the model described by Amara and Kalika [6] and its
novelty consists in considering the contextual elements
(organizational culture, managerial practices and ex-
ternal contingencies) and in the CRM system effec-
tiveness inclusion in the model. The research presented
here will be continued in the future by model testing
through a questionnaire based inquiry and through in-
terviewing people from general management, marketing
department management, commercial department
management, and IT&C management.
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Œntre diferi˛ii parametri ai opera˛iei de tricotare exist„ o
str‚ns„ interdependen˛„ care, pe de o parte, favori-

zeaz„ determinarea unui parametru Ón corela˛ie cu al˛i
parametri, iar pe de alt„ parte prezint„ pericolul
prejudicierii Óntregului proces de tricotare, prin alegerea
incorect„ a unuia dintre parametri. Pentru a ob˛ine o
structur„ uniform„ a tricoturilor, procesul de realizare a
acestora trebuie analizat din perspectiva mai multor
parametri [1]. 
Stabilirea corect„ a parametrilor de structur„ ∫i a influ-
en˛elor lor reciproce reprezint„ baza reglajelor tehnolo-
gice, care trebuie realizate at‚t la programarea unui nou
articol, c‚t ∫i pe parcursul func˛ion„rii utilajelor, ca
mijloc de control preventiv pentru asigurarea calit„˛ii. 
Pentru atingerea unui anumit nivel de calitate impus
produsului tricotat, este necesar„ corelarea parame-
trilor tehnologici de tricotare cu materia prim„ prelu-
crat„ pe ma∫in„, structura ob˛inut„ ∫i parametrii de
structur„, caracteristicile fizico-mecanice ∫i igienico-
func˛ionale ale tricoturilor [2, 3].

PARTEA EXPERIMENTAL√

Structurile glat cercetate au fost realizate pe ma∫ini
circulare de tricotat cu diametru mare TERROT tip 
S-296.
Optimizarea oric„rui proces tehnologic are la baz„ un
model matematic, care reprezint„ elementul principal Ón
conducerea cu ajutorul calculatorului a proceselor teh-
nologice, caracterizate prin:
● variabile independente â comandate ∫i necomandate;
● variabile dependente.
Pentru rezolvarea problemei optimiz„rii, se parcurg ur-
m„toarele etape:
● culegerea de informa˛ii privind procesul analizat;
● elaborarea unui model matematic cuprinz‚nd:

â formularea modelului â stabilirea scopului mode-
lului, delimitarea procesului modelat, stabilirea va-
riabilelor procesului, determinarea tipului de model
necesar;

â stabilirea func˛iei de performan˛„ sau alegerea unui
criteriu de performan˛„, care poate fi economic
sau neeconomic;

â stabilirea ecua˛iilor modelului matematic prin me-
tode statistico-matematice;

â verificarea modelului;
â determinarea solu˛iei optime â stabilirea unor valori

pentru variabilele independente, astfel Ónc‚t s„ se
ob˛in„ valoarea optim„ a func˛iei obiectiv.

Pentru determinarea influen˛ei parametrilor tehnologici
ai opera˛iei de tricotare asupra for˛ei de rupere pe di-
rec˛ia r‚ndurilor de ochiuri s-a stabilit un model mate-
matic care exprim„ corela˛ia dintre for˛a de rupere pe
direc˛ia r‚ndurilor de ochiuri, Ón cN â variabila depen-
dent„ (r„spuns) â ∫i desimea pe vertical„ (r‚nduri/10
mm) ∫i tura˛ia fonturii (rot./min.) â variabilele inde-
pendente.
Œn tabelul 1 este prezentat„ structura matricei pentru
realizarea variantelor experimentale ale for˛ei de rupere
pe direc˛ia r‚ndurilor de ochiuri ale structurilor glat din
fire de bumbac 100%, Nm 60/1.                                 
Ecua˛ia de regresie care descrie evolu˛ia for˛ei de
rupere pe direc˛ia r‚ndurilor de ochiuri a tricotului glat
realizat din fire de bumbac 100%, Nm 60/1, este dat„
de rela˛ia (1):                                                            

F (x, y) = 25,1763 + 2,4471 x + 0,4651 y +
+ 0,7722 x2 + 0,2274 y2 + 0,05 xy          

(1)

Semnifica˛ia coeficien˛ilor ecua˛iei de regresie a fost
verificat„ cu ajutorul testului Student.
Valoarea tabelat„ pentru test este 2,132, pentru un
nivel de semnifica˛ie α = 0,05 ∫i un num„r de grade de

Influen˛a desimii tricotului ∫i a tura˛iei ma∫inii de tricotat asupra
for˛ei de rupere pe direc˛ia r‚ndurilor de ochiuri la structurile glat

DACIANA ILICA LEUCEA

ABSTRACT â INHALTSANGABE

The influence of the course density and the turn of the knitting machine over the breaking force on the jersey course direction 
In order to get an even structure of the knits, their manufacturing process should be analyzed from the perspective of more parameters.
Adopting some optimal values of the knitting operation parameters leads to the resistance increase of the knit achieved and represents an
important condition in reaching its superior quality. In the paper, it is presented the influence of the course density and the turn of the knitting
machine over the breaking force shown by the jersey knits made of 100% cotton, Nm 60/1 yarns. For graphics representation and data
analyses, it was used Mathcad 14. 
Key-words: jersey, cotton yarns, breaking force, mathematic modeling

Die Einwirkung der Maschendichte und der Strickmaschinendrehzahl auf die Bruchkr‰fte auf Stabrichtung 
f¸r Flachgewirke   

Um eine gleichfˆrmige Struktur der Maschen zu erhalten, muss deren Fertigungsprozess aus der Perspektive mehrerer Parameter analysiert
werden. Die Annahme einiger Optimalwerte der Parameter der Strickoperation f¸hrt zur Erhˆhung des gefertigten Maschenwiderstandes und
stellt eine wichtige Bedingung in der Erzielung einer hˆheren Qualit‰t dar. In der Arbeit wird die Einwirkung der Stabdichte und der
Strickmaschinendrehung auf die Bruchkr‰fte in Stabrichtung f¸r Flachgewirke, gefertigt aus 100% Baumwollgarne Nm 60/1, vorgestellt. F¸r
die graphische Darstellung und die Analyse der Daten wurde das Programm Mathcad 14 verwendet. 
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libertate v = n â 1 = = 4 [7]. Œn urma verific„rii a rezultat
coeficientul b12 ca fiind nesemnificativ. Ca urmare a
elimin„rii coeficientului nesemnificativ, ecua˛ia de
regresie devine:

F (x, y) = 25,1763 + 2,4471 x + 0,4651 y +
+ 0,7722 x2 + 0,2274 y2 (2)

Adecvan˛a modelului s-a verificat pe baza testului Fis-
her-Snedecor. Valoarea calculat„ Fc = 0,01 este mai
mic„ dec‚t valoarea critic„ tabelat„ Fc = 2,69 [7];
pentru un nivel de semnifica˛ie α = 0,05, v1 = 12, v2 =
= 12. Abaterile procentuale A sunt sub 10%, ceea ce
indic„ veridicitatea modelului.
Analiz‚nd coeficien˛ii ecua˛iei de regresie, rezult„ c„
cele dou„ variabile independente influen˛eaz„ Ón mod
asem„n„tor rezultativa z (for˛a de rupere pe direc˛ia
r‚ndurilor de ochiuri), deoarece cei doi parametri au
coeficien˛i de acela∫i semn, cel mai important fiind de-
simea pe vertical„, x. Cre∫terea desimii pe vertical„ ∫i a
tura˛iei ma∫inii de tricotat va duce la cre∫terea for˛ei de
rupere pe direc˛ia r‚ndurilor de ochiuri. Influen˛a desimii
pe vertical„ asupra for˛ei de rupere pe direc˛ia r‚ndu-
rilor de ochiuri este de 9,71%, Ón timp ce tura˛ia ma∫inii
influen˛eaz„ for˛a de rupere pe direc˛ia r‚ndurilor de
ochiuri cu doar 1,84%. Existen˛a termenilor de gradul
doi arat„ faptul c„ suprafa˛a de r„spuns va avea o
form„ bine definit„. Viteza de modificare a rezultativei la
varia˛ia celor doi parametri este de 3,06% â pentru
desimea pe vertical„, ∫i de 0,9% â pentru tura˛ia
ma∫inii de tricotat.

Œn figura 1 este prezentat„ suprafa˛a de r„spuns, adic„
dependen˛a Z = f(x,y) pentru evolu˛ia for˛ei de rupere
pe direc˛ia r‚ndurilor de ochiuri, Ón cazul structurilor glat
realizate din fire 100% bumbac, Nm 60/1.
Œn figura 2 sunt prezentate curbele de nivel ob˛inute prin
intersectarea suprafe˛ei de r„spuns cu c‚te un plan
paralel cu planul xây, pentru evolu˛ia for˛ei de rupere pe
direc˛ia r‚ndurilor de ochiuri â Ón cazul structurilor glat
realizate din fire 100% bumbac, Nm 60/1 â Ón limitele
regiunii experimentale la urm„toarele valorile lui ale lui 
z: 24,817; 26,634; 28,45; 30,267; 32,084; 33,9;
35,717; 37,534.
Suprafa˛a de r„spuns este o conic„ cu centru unic,
paraboloid eliptic, iar curbele de nivel care genereaz„
suprafa˛a de r„spuns, respectiv sec˛iunile prin supra-
fa˛a de r„spuns pentru diferite niveluri ale lui z au form„
eliptic„. Forma eliptic„ a sec˛iunilor prin suprafa˛a de
r„spuns rezult„ ∫i din calculul invarian˛ilor metrici de
schimbare a coordonatelor ecua˛iei de regresie, din
care a rezultat S ≠ 0. Noul centru de axe calculat pentru
determinarea optimului func˛iei este x = â 1,58 ∫i y = 
= â 1,02.
Œn figura 3 este prezentat„ varia˛ia z = f(x), c‚nd y =
constant, pentru evolu˛ia for˛ei de rupere pe direc˛ia
r‚ndurilor de ochiuri, Ón cazul structurilor glat realizate
din fire 100% bumbac, Nm 60/1.
Pentru valori mici ale desimii pe vertical„ a tricotului,
for˛a de rupere pe direc˛ia r‚ndurilor de ochiuri este mai
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Tabelul 1

x y X Y Z Z
codificat codificat real real m„surat, calculat, Adecvan˛a

%

â1 â1 21,20 22,42 22,90 23,3087 â1,78514

1 â1 19,62 22,42 28,60 28,1030 1,7376

â1 1 21,20 19,58 23,50 24,1390 â2,7193

1 1 19,62 19,58 29,60 29,1332 1,5767

â1,414 0 19,50 21 24 23,2601 3,0826

1,414 0 21,50 21 29,50 30,1806 â2,3072

0 â1,414 20,50 19 24,90 24,9633 â0,2545

0 1,414 20,50 23 26,40 26,2787 0,4592

0 0 20,50 21 25,50 25,1663 1,3085

0 0 20,50 21 25 25,1663 â0,6653

0 0 20,50 21 24,90 25,1663 â1,0695

0 0 20,50 21 25,30 25,1663 0,5283

0 0 20,50 21 25,10 25,1663 â0,2642

Fig. 1

Fig. 2



mic„, deoarece elementele ochiului sunt mai distan˛ate
∫i fenomenul de aplatizare a unor elemente spa˛iale
pentru eforturi Ón fir mai mari dec‚t for˛ele de frecare din
punctele de legare este mai accentuat. De asemenea,
are loc redistribuirea lungimii firului din ochiuri, Ón timpul
solicit„rii pe direc˛ia r‚ndurilor de ochiuri, prin migrarea
unor cantit„˛i de fir pentru eforturi Ón elementele struc-
turii mai mari dec‚t for˛ele de frecare din punctele de
legare. 
La valoarea cod 1,414 a desimii pe vertical„, pentru
aceea∫i tura˛ie a ma∫inii, for˛a de rupere pe direc˛ia
r‚ndurilor de ochiuri este cea mai mare, iar la valoarea
cod â 1,414 a desimii pe vertical„, pentru aceea∫i tura-
˛ie a ma∫inii, for˛a de rupere pe direc˛ia r‚ndurilor de
ochiuri este cea mai mic„. La valori ale desimii pe
vertical„ de 19,5 ochiuri/10 mm, for˛a de rupere pe
direc˛ia r‚ndurilor de ochiuri este de 24 cN, ceea ce
corespunde valorilor codificate (â 1,414; 0).
La valori mari ale desimii pe vertical„ a tricotului, for˛a
de rupere pe direc˛ia r‚ndurilor de ochiuri este mai
mare, deoarece lungimea firului dintr-un ochi este mai
mic„ ∫i redistribuirea elementelor ochiurilor este mai
dificil„. La valori ale desimii pe vertical„ de 21,5
ochiuri/10 mm, for˛a de rupere pe direc˛ia r‚ndurilor de
ochiuri este de 29,5 cN, ceea ce corespunde valorilor
codificate (1,414, 0).
Œn figura 4 este prezentat„ varia˛ia z = f(y), c‚nd x = 
= constant, pentru evolu˛ia for˛ei de rupere pe direc˛ia
r‚ndurilor de ochiuri, Ón cazul structurilor glat realizate
din fire 100% bumbac, Nm 60/1.
La valoarea cod 1,414 a tura˛iei ma∫inii, pentru aceea∫i
desime pe vertical„, for˛a de rupere pe direc˛ia r‚n-
durilor de ochiuri este cea mai mare, iar la valoarea cod
â 1,414 a tura˛iei ma∫inii, pentru aceea∫i desime pe ver-
tical„, for˛a de rupere pe direc˛ia r‚ndurilor de ochiuri
este cea mai mic„. La valori ale tura˛iei ma∫inii de 
19 rota˛ii/minut, for˛a de rupere pe direc˛ia r‚ndurilor de
ochiuri este de 24 cN, ceea ce corespunde valorilor
codificate (0; â 1,414). La valori ale tura˛iei ma∫inii de
23 rota˛ii/minut, for˛a de rupere pe direc˛ia r‚ndurilor de
ochiuri este de 29,5 cN, ceea ce corespunde valorilor
codificate (0, 1,414).

Se constat„ c„ varia˛ia for˛ei de rupere pe direc˛ia
r‚ndurilor de ochiuri este diferit„ Ón diverse zone de
experimentare. Astfel, la o varia˛ie a desimii pe vertical„
de 1 ochi/10 mm, Ón intervalul cod (â 1,414; 0), cre∫-
terea for˛ei pe direc˛ia r‚ndurilor este de 5,9%, Ón timp
ce la aceea∫i cre∫tere a desimii pe vertical„, Ón intervalul
cod (0; 1,414), cre∫terea for˛ei de rupere pe direc˛ia
r‚ndurilor de ochiuri este de 13,6%.

CONCLUZI I

Pe baza rezultatelor ob˛inute prin calcul ∫i pe cale
experimental„, pot fi trase urm„toarele concluzii:
● Pentru valori mici ale desimii pe vertical„ a tricotului,

for˛a de rupere pe direc˛ia r‚ndurilor de ochiuri este
mai mic„, deoarece elementele ochiului sunt mai
distan˛ate ∫i fenomenul de aplatizare a unor elemente
spa˛iale pentru eforturi Ón fir mai mari dec‚t for˛ele de
frecare din punctele de legare este mai accentuat. De
asemenea, are loc redistribuirea lungimii firului din
ochiuri, Ón timpul solicit„rii pe direc˛ia r‚ndurilor de
ochiuri, prin migrarea unor cantit„˛i de fir pentru
eforturi Ón elementele structurii mai mari dec‚t for˛ele
de frecare din punctele de legare.

● La valoarea cod 1,414 a tura˛iei ma∫inii de tricotat,
pentru aceea∫i desime pe vertical„, for˛a de rupere
pe direc˛ia r‚ndurilor de ochiuri este maxim„, iar la
valoarea cod â 1,414 a tura˛iei ma∫inii, pentru ace-
ea∫i desime pe vertical„, for˛a de rupere pe direc˛ia
r‚ndurilor de ochiuri este minim„.

● Œn urma model„rii matematice a procesului de
realizare a tricoturilor glat, din fire 100% bumbac,
Nm 60/1, se recomand„ folosirea unor desimi de
aproximativ 21 de ochiuri/10 mm, la o tura˛ie a ma∫inii
de tricotat de 21 rota˛ii/minut, corespunz„tor valorilor
cod 1,414 ∫i, respectiv, 0. Pentru aceste valori ale
parametrilor de tricotare, for˛a de rupere pe direc˛ia
r‚ndurilor de ochiuri are valoarea de 24 cN, deci o
valoare apropiat„ de for˛a de rupere pe direc˛ia
r‚ndurilor de ochiuri recalculat„ Ón centrul de axe al
func˛iei optime, pentru care for˛a de rupere pe
direc˛ia r‚ndurilor de ochiuri este de 23,118 cN.
Adoptarea acestor valori ale parametrilor opera˛iei de
tricotare duce la m„rirea rezisten˛ei tricotului.
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Potrivit previziunilor BCC Research, p‚n„ Ón anul 2020
pia˛a nanofibrelor va ajunge la 2,2 miliarde de dolari
S.U.A.
Œn 2009, pia˛a global„ a produselor din nanofibre valora
aproximativ 80,7 milioane de dolari S.U.A., iar â con-
form unui raport nou al BCC Research â Ón anul 2010
se a∫teapt„ o cre∫tere de p‚n„ la 101,5 milioane de
dolari S.U.A. 
De asemenea, se a∫teapt„ o dezvoltare a pie˛ei produ-
selor din nanofibre: 
â cu o rat„ anual„ de cre∫tere (CAGR) de 34,3%,

ajung‚nd la o valoare de 442,7 milioane de dolari
S.U.A. â p‚n„ Ón 2015;

â cu o rat„ anual„ de cre∫tere (CAGR) de 37,2%,
ajung‚nd la o valoare de aproximativ 2,2 miliarde de
dolari S.U.A â Óntre anii 2015 ∫i 2020.

BCC Research a publicat primul s„u raport despre
nanofibre Ón iunie 2007. Œn ultimii 3 ani, pia˛a acestor
materiale s-a extins rapid, au fost elaborate noi
tehnologii de produc˛ie ∫i au avut loc o serie de
schimb„ri Ón sfera industriei nanofibrelor.
Principalul scop al noului raport asupra nanofibrelor
ÜNanofibres: Technologies and Developing Marketsá
este acela de a furniza noi abord„ri Ón tehnologia curen-

t„ a nanofibrelor, de a pune Ón eviden˛„ noile tendin˛e
tehnologice ∫i de a asigura o analiz„ actualizat„ asupra
evolu˛iei pie˛ei acestor materiale.
Astfel, principalele obiective ale acestui studiu sunt:
● asigurarea unei analize actualizate asupra dezvolt„rii

industriei nanofibrelor, cu accent pe materialele ∫i
tehnologiile de fabricare;

● eviden˛ierea noilor realiz„ri tehnologice din ultimii trei
ani, cu scoaterea Ón eviden˛„ a problemelor tehnice
actuale;

● trecerea Ón revist„ a domeniilor existente de aplica˛ii a
nanofibrelor ∫i investigarea aplica˛iilor emergente;

● estimarea pie˛elor curente globale a nanofibrelor, Ón
func˛ie de tipul de material, de domeniul de utilizare ∫i
de regiune, cu previziuni de cre∫tere p‚n„ Ón 2015
pentru fiecare segment de pia˛„;

● furnizarea unei analize actualizate asupra actorilor
actuali din domeniul tehnologiei nanofibrelor;

● asigurarea unei prezent„ri a activit„˛ilor de cercetare
globale ∫i evaluarea impactului acestora asupra dez-
volt„rii industriei; 

● elaborarea unei situa˛ii privind elaborarea brevetelor
emise Ón ultimii trei ani, la nivel mondial.

Smarttextiles and nanotechnology, iulie 2010, p. 2
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EVOLUfiIA PIEfiEI NANOFIBRELOR

NOTE ECONOMICE



La Adunarea General„ EURATEX (Confedera˛ia
European„ pentru Textile ∫i Œmbr„c„minte), care s-a
desf„∫urat la Bruxelles, domnul Antonio Tajani â
vicepre∫edinte al Comisiei Europene ∫i comisar pentru
industrie ∫i antreprenoriat, a eviden˛iat viitoarea politic„
industrial„ a Uniunii Europene ∫i priorit„˛ile sale legate
de sectorul de textile ∫i Ómbr„c„minte, afirm‚nd: àVoi
sus˛ine industria, deoarece f„r„ industrie, f„r„ companii
∫i f„r„ IMM-uri, la finele acestei crize, nu vom mai avea
locurile de munc„ ∫i cre∫terea economic„ de care
Uniunea European„ are nevoie Ón viitor. De aceea, voi
depune eforturi pentru a Ómbun„t„˛i func˛ionarea Pie˛ei
Interne, ca instrument de asigurare a locurilor de mun-
c„Ü. La sesiunea public„ intitulat„ Durabilitatea Ón in-
dustria european„ de textile ∫i Ómbr„c„minte au luat
parte peste 160 de reprezentan˛i din industrie, din Ón-
treaga Europ„, dar ∫i din alte institu˛ii europene.

Œn discursul de deschidere a evenimentului, domnul
Tajani a eviden˛iat priorit„˛ile sale privind viitoarea po-
litic„ industrial„ a U.E., Ón general, ∫i pentru industria de
textile ∫i Ómbr„c„minte, Ón particular. El a subliniat ∫ase
domenii distincte, care se a∫teapt„ s„ fie abordate Ón
urm„torii ani, prin intermediul unor m„suri politice
concrete, Ón favoarea industriei ∫i a sectorului de textile
∫i Ómbr„c„minte. Acestea includ:
â stimularea Ón mai mare m„sur„ a inov„rii, ca for˛„

important„ de determinare a competitivit„˛ii indus-
triale, prin politici ∫i programe U.E. corespunz„toare;

â promovarea unei utiliz„ri mai eficiente a resurselor
naturale, Ón special a materiilor prime, apei ∫i ener-
giei;

â consolidarea politicilor ∫i a programelor-cadru, Ón ve-
derea cre„rii unui mediu favorabil activit„˛ilor desf„-
∫urate de IMM-uri (reducerea costurilor de tranzac-
˛ionare, clustering, accesul la finan˛are etc.);

â implementarea de politici care s„ Ónso˛easc„ pro-
cesele de restructurare ∫i de modernizare industrial„,
aflate Ón desf„∫urare;

â p„strarea ∫i promovarea unei for˛e de munc„ cali-
ficate Ón U.E. â ca o solu˛ie-cheie pentru men˛inerea
capacit„˛ilor industriale productive ale Europei;

â depunerea de eforturi care s„ vizeze un comer˛
global legal, bazat pe reciprocitate, al companiilor
U.E., pentru a putea men˛ine competitivitatea U.E.
(convergen˛a Ón planul reglement„rii, reciprocitatea
privind Acordurile de Comer˛ Liber etc.).

Œntr-un rezumat al opiniilor sale, acesta a admis faptul 
c„ reconcilierea politicilor legate de modific„rile cli-
matice cu politicile industriale reprezint„ o provocare,
dar acest lucru este necesar ∫i se poate realiza cu
succes. Œn Óncheiere, vicepre∫edintele Tajani s-a angajat

s„ lucreze, Ón urm„torii cinci ani ai mandatului s„u,
pentru competitivitatea ∫i protejarea industriei textile ∫i
de Ómbr„c„minte.

Domnul Peter Pfneisl, pre∫edinte EURATEX, a afirmat:
àA∫ dori s„-mi exprim recuno∫tin˛a fa˛„ de vice-
pre∫edintele Tajani, pentru Óntreaga activitate pe care a
desf„∫urat-o recent pentru ap„rarea intereselor indus-
triei noastre de textile ∫i Ómbr„c„minte, sus˛in‚nd ideea
unei mai bune coordon„ri Óntre politica industrial„ ∫i cea
comercial„. Ambele politici trebuie s„ se completeze ∫i
s„ se sus˛in„ reciproc; trebuie s„ fie Ón serviciul expor-
tatorilor no∫tri ∫i trebuie s„ combat„ prin inteligen˛„,
pentru men˛inerea ∫i consolidarea unei baze de fa-
brica˛ie puternice ∫i competitive Ón Europa ∫i pentru o
industrie european„ de textile ∫i Ómbr„c„minte vivace...
A∫tept„m cu ner„bdare s„ continu„m s„ lucr„m Ón
str‚ns„ leg„tur„ cu dumneavoastr„ ∫i cu aparatul dum-
neavoastr„ administrativ, pentru a ne asigura c„ politica
industrial„ european„ ofer„ un cadru care s„ contribuie
la competitivitatea durabil„ a industriei noastre de textile
∫i Ómbr„c„minte din EuropaÜ.

De asemenea, el a reamintit c‚teva din proiectele de
succes, trecute ∫i curente, implementate de EURATEX
Ómpreun„ cu Directoratul General pentru Œntreprinderi ∫i
Industrie al Comisiei Europene, cum ar fi Ini˛iativa Lead
Market pentru textile de protec˛ie sau proiectul eBIZ.

Pre∫edintele Alian˛ei pentru o Industrie European„
Competitiv„ (ACEI), doamna Teresa Presas, a comu-
nicat priorit„˛ile-cheie incluse Ón recent publicatul ma-
nifest Schimbarea vitezelor pentru o nou„ politic„ in-
dustrial„, care solicit„ un nou parteneriat Óntre U.E. ∫i
industriile sale prioritare. F„c‚nd referire la anumite ini-
˛iative politice recente, care par supraambi˛ioase, ne-
realiste sau chiar contradictorii, doamna Teresa Presas
a afirmat c„ àeste nevoie de mai mult realism pentru a
reconcilia politicile privind modific„rile climatice ∫i po-
liticile industriale, iar Europa poate avea succes Ón acest
proces doar printr-un spirit al parteneriatului ∫i printr-o
ac˛iune coordonat„Ü.

Restul p„r˛ii publice a Adun„rii Generale EURATEX a
fost dedicat durabilit„˛ii din industria de textile ∫i Ómbr„-
c„minte, cu exemple din partea companiilor, care au
avut scopul de a oferi suport pentru opiniile exprimate
pe tema modului Ón care sectorul de textile ∫i Óm-
br„c„minte este durabil, Ón sensul mai larg al ter-
menului, ∫i a ceea ce ar trebui f„cut pentru Ómbu-
n„t„˛irea performan˛ei Ón aceste domenii.

Informa˛ii de pres„. EURATEX, 14 iunie 2010
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Cea de-a VI-a Œnt‚lnire Anual„ a Comitetului European
de Standardizare â CEN, ∫i a Comitetului European de
Standardizare pentru Electrotechnic„ â CENELEC, a
avut loc pe 2 iunie 2010 Ón Malta, sub egida MSA â
Malta Standards Authority.

Prezent„rile ∫i discu˛iile au avut ca scop realizarea unei
retrospective a evolu˛iei standardiz„rii europene Ón
ultimul deceniu ∫i adaptarea acesteia la provoc„rile
ap„rute, astfel Ónc‚t s„ poat„ r„spunde cu succes
obiectivelor stabilite de Europa pentru 2020. 

Premierul Maltei, vorbitori ∫i membri ai panelurilor, din
sectorul public ∫i privat, au apreciat realiz„rile ob˛inute
Ón domeniul standardiz„rii ∫i importan˛a lor Ón cre∫terea
competitivit„˛ii industriei ∫i a politicilor europene.
Œn aceea∫i m„sur„, ei ∫i-au exprimat a∫tept„rile Ón ceea
ce prive∫te poten˛ialul standardiz„rii de a contribui la re-
lansarea economic„, printr-o Pia˛„ Unic„ ecologic„ ∫i
inovatoare, ∫i de a r„spunde nevoilor unei societ„˛i Ón
permanent„ schimbare.

Prezent„rile au eviden˛iat rolul standardiz„rii ca mo-
dalitate de canalizare a cunoa∫terii ∫i a inov„rii c„tre
pia˛„ ∫i de stimulare a competitivit„˛ii, Ón vederea ob˛i-
nerii unei cre∫teri durabile ∫i inteligente, subliniindu-se,
Ón acest sens, aportul Europei Ón dezvoltarea pe plan
mondial.

Sub acest aspect, CEN ∫i CENELEC ∫i-au reÓnnoit
angajamentul de a-∫i consolida rela˛iile cu comunitatea
de cercetare ∫i de a stimula transferul rapid al rezulta-
telor cercet„rii ∫i dezvolt„rii Ón domeniul standardiz„rii.

Organiza˛iile Europene de Standardizare ∫i-au coor-
donat ac˛iunile din c‚teva domenii de activitate, pentru
a oferi instrumentele corespunz„toare afirm„rii carac-
terului de lider al Europei Ón sectoarele identificate.

Vehiculele electrice ∫i re˛elele inteligente sunt doar c‚-
teva dintre aceste domenii, Ón care au fost ini˛iate
activit„˛i de standardizare ∫i de la care se a∫teapt„
rezultate promi˛„toare. 

Œn sprijinul obiectivelor Agendei de la Lisabona â de
promovare a unei economii competitive, bazat„ pe
cunoa∫tere, ∫i de stimulare a cre∫terii economice â
CEN ∫i CENELEC s-au str„duit s„ adordeze o politic„
industrial„ cuprinz„toare, Ón beneficiul tuturor actorilor â
de la IMM-uri la marile companii multina˛ionale â at‚t 
la nivel na˛ional, c‚t ∫i global.

De asemenea, au fost eviden˛iate avantajele economice
ale standardiz„rii pentru mediul de afaceri ∫i pentru
economie, per ansamblu, prezent‚ndu-se o cre∫tere a
PIB-ului de 25%. Aceasta reprezint„ un profit ce vine
at‚t Ón sprijinul mediului de afaceri, c‚t ∫i al societ„˛ii Ón
general.

Cre∫terea num„rului de standarde europene a con-
tribuit, de asemenea, la sporirea siguran˛ei consuma-
torilor, ale c„ror nevoi â aflate Óntr-o permanent„ schim-
bare â s-au reflectat Ón activitatea de standardizare.
Cerin˛ele privitoare la accesibilitate reprezint„ esen˛a
activit„˛ilor de standardizare. Astfel, principiile funda-
mentale ale standardiz„rii europene se bazeaz„ pe de-
legarea na˛ional„, iar cooperarea public-privat„ asigur„
corecta reprezentare a consumatorilor Ón cadrul activi-
t„˛ilor de standardizare ∫i Ón consolidarea pozi˛iei produ-
selor sigure pe pia˛a european„.

De altfel, au fost dezb„tute diversele ini˛iative aflate Ón
desf„∫urare, Ón ceea ce prive∫te viitorul standardiz„rii
europene, Óntreprinse de agen˛ii de reglementare, ∫i
reac˛iile din partea comunit„˛ii de standardizare. Indus-
tria ∫i standardizarea s-au folosit de aceast„ oportu-
nitate pentru a-∫i face cunoscut sprijinul puternic Ón
favoarea dispozi˛iei unui singur Act Unic, Ón eventua-
litatea hot„r‚rii de a modifica legisla˛ia. 
Sistemul este independent, inovator, coerent, efectiv ∫i
eficient, iar aceste valori i-au confirmat relevan˛a pe
pia˛„.

Œn prezent, CEN ∫i CENELEC mizeaz„ pe inovare ∫i
interna˛ionalizare, pentru a contribui la consolidarea
Pie˛ei Unice ∫i a sprijini Europa s„ parcurg„ urm„torul
deceniu, Óntrunind obiectivele ambi˛ioase ale strategiei
U.E. 2020.

Informa˛ii de pres„. CEN-CENELEC 
Management Centre, Bruxelles, iunie 2010
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M√TASE DE P√IANJEN 
CU NANOFIBRE POLIAMIDICE

Cercet„torii de la Academia de ™tiin˛e din China,
Centrul Na˛ional pentru Nano∫tiin˛„ ∫i Tehnologie ∫i
Universitatea din Beijing pentru Aeronautic„ ∫i As-
tronautic„ au studiat m„tasea de la p„ianjenul Ulobo-
rus walckenaerius â care folose∫te structura tip fagure,
numit„ cribbelum, pentru a-∫i separa m„tasea Ón fibre
foarte fine â ∫i au proiectat fibre artificiale, imit‚nd acest
proces. M„tasea este sensibil„ la umiditate ∫i prezint„
excelente propriet„˛i mecanice.
La examinarea m„t„sii cu ajutorul unui microscop elec-
tronic de scanare, cercet„torii au observat c„ fiecare
fibr„ este alc„tuit„ din dou„ nanofibrile lungi, ce for-
meaz„ axul principal, ∫i fascicule mai mari ∫i semi-
transparente de nanofibrile orientate aleatoriu, care
sunt spa˛iate simetric pe lungimea acesteia. Pe m„sura
condens„rii apei pe m„tase, fasciculele se mic∫oreaz„
form‚nd ànoduri de Ónf„∫urareÜ, separate de Ómbin„rile
nanofibrelor aliniate, procesul fiind cunoscut sub denu-
mirea de àreconstruc˛ie structural„ la umedÜ. Pic„turile
de ap„ se formeaz„ apoi aleatoriu, at‚t pe nodurile de
Ónf„∫urare, c‚t ∫i pe Ómbin„rile dintre ele. Pic„turile care
se formeaz„ pe Ómbin„ri tind s„ se deplaseze c„tre
nodurile de Ónf„∫urare, unde se unesc unele cu altele.
Aceast„ colectare direc˛ional„ a apei se produce din
cauza faptului c„ structura aleatorie a nanofibrelor la
nodurile de Ónf„∫urare este mai hidrofil„ dec‚t a celor
mai netede, aliniate, de la Ómbin„ri. Acest fenomenul nu
este Ónt‚lnit la m„tasea produs„ de viermii de m„tase
sau la fibrele artificiale poliamidice, deoarece ele au
structuri uniforme pe Óntreaga lor lungime.
Pe baza acestor descoperiri, cercet„torii au elaborat
propria lor m„tase de p„ianjen artificial„. Au cufundat
fibra poliamidic„ Óntr-un solvent ∫i apoi au scos-o
imediat, astfel Ónc‚t solventul s„ se separe Ón pic„turi,
Ónainte de a se usca, pentru a forma structuri similare
nodurilor de Ónf„∫urare. Fibrele ob˛inute prezint„ pro-
priet„˛i asem„n„toare cu cele ale m„t„sii naturale de
p„ianjen. 
Se preconizeaz„ ca aceste fibre artificiale s„ se utilizeze
Ón domenii precum: colectarea apei, filtrarea aerosolului
lichid, cataliza inteligent„ ∫i microfluidic„ etc. 

Smarttextiles and nanotechnology, mai 2010, p. 6

MATERIAL TRIDIMENSIONAL FLEXIBIL
CU MIEZ NEfiESUT 

Compania Lantor a lansat noul material Lancore, cu
miez ne˛esut ∫i cu greutate redus„, destinat sectorului
compozitelor. 
Prin procesul de modelare ∫i transfer al r„∫inilor Ón
compozite u∫oare (RTML), se poate realiza o gam„
larg„ de materiale pentru caravane, camioane, saci/
huse, mantale, pere˛i desp„r˛itori, spoilere ∫i aco-
peri∫uri. 

Œn prezent sunt disponibile mai multe combina˛ii de
produse utilizate Ón procesul RTML, dar niciunul nu con-
˛ine un miez ne˛esut. Majoritatea au un miez dintr-un
material 3D cu structur„ tip re˛ea deschis„, pentru a
crea un spa˛iu Óntre ranfors„rile de sticl„. Dup„ pro-
cesul de injectare a r„∫inii, se ob˛ine un produs final,
relativ bogat Ón r„∫in„ ∫i cu o greutate destul de mare,
care nu reprezint„ solu˛ia optim„ pentru a face fa˛„
noilor provoc„ri de pe pia˛a de profil.
Astfel, a fost dezvoltat un nou material destinat pro-
cesului RTML, Lancore, care are un miez ne˛esut 3D,
consolidat ∫i flexibil, cu suport din fascicule de fibre de
sticl„ m„run˛ite (CSM), ce ofer„ o combina˛ie unic„ de
avantaje: miezul ne˛esut confer„ avantajele clasice pri-
vind economisirea r„∫inii, suportul de curgere ∫i pro-
dusele finale u∫oare, Ómbun„t„˛ite printr-o flexibilitate ∫i
compresibilitate maxim„, iar stratul din fibre de sticl„ â
CSM â ofer„ o m‚nuire ∫i o dispunere facil„, precum ∫i
o utilizare flexibil„ Ón procesul RTML. De asemenea,
Lancore ofer„ avantaje privind produc˛ia, cum ar fi
prelucrarea rezistent„ ∫i tratarea ulterioar„ u∫oar„, ceea
ce duce la eficientizarea costurilor. 
Prin urmare, principalele avantaje ale noului produs
const„ Ón: economisirea r„∫inii ∫i reducerea Ón greutate;
prelucrarea u∫oar„, solid„ ∫i rezistent„; o performan˛„
mecanic„ corespunz„toare ∫i o calitate Ómbun„t„˛it„ a
suprafe˛ei.

Smarttextiles & nanotechnology, iunie 2010, p. 8

MA™INI DE fiESUT CU JET DE AER 
DE LA TSUDAKOMA

Compania japonez„ Tsudakoma Comp. produce
ma∫ini de ˛esut ecologice, de Ónalt„ calitate, cu o larg„
flexibilitate ∫i cu unit„˛i de baz„ Ómbun„t„˛ite.
Pe ma∫ina de ˛esut cu jet de aer ZAX9100 poate 
fi realizat„ o gam„ larg„ de materiale pentru rochii,
denim, prosoape plu∫ate, cord pentru anvelope, ma-
teriale din fibr„ de sticl„, ˛es„turi din fire piept„nate,
materiale pentru airbaguri ∫i alte ˛es„turi tehnice.
Caracterul neted al urzelii, un sistem de realizare a
b„t„turii bine echilibrat, un foarte bun sistem de in-
serare a b„t„turii ∫i o structur„ solid„, nou-proiectat„
sunt c‚teva din elementele care creeaz„ un echilibru
Óntre viteza Ónalt„, vibra˛ia redus„ ∫i economisirea de
energie, prin dotarea cu un sistem de navigare a
˛es„turii. 
Ma∫ina este competitiv„ din punct de vedere al cos-
turilor ∫i permite modificarea rapid„ a modelelor rea-
lizate, producerea de materiale cu valoare ad„ugat„
mare, dezvoltarea de materiale noi ∫i o productivitate
crescut„. Exist„ posibilitatea select„rii unei b„t„turi Ón
∫ase culori ∫i controlul programabil al vitezei prin PSC,
precum ∫i ˛eserea de materiale caracterizate prin
diferite tipuri ∫i grosimi ale b„t„turii. PSC-ul controleaz„
rpm/b„taie, Ón concordan˛„ cu tipul de b„t„tur„ ∫i de
contextur„.
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Ma∫ina este dotat„ cu un sistem de prindere f„r„ cablu,
CCL, care asigur„ o func˛ionare stabil„ a ma∫inii, ∫i cu
un dispozitiv APR, de Óndep„rtare automat„ a defectelor
din b„t„tur„, care cre∫te eficien˛a ma∫inii de ˛esut, f„r„
a afecta calitatea materialului ∫i num„rul de operatori.
Cocle˛ul realizat din r„∫in„ contribuie la reducerea zgo-
motului ∫i a vibra˛iilor.
Œn c„utarea ultimei genera˛ii de ma∫ini de ˛esut prie-
tenoase utilizatorului, Tsudakoma a dezvoltat ma∫ina
de ˛esut cu jet de aer ZAX9100-Terry, pe care se pot
produce, cu u∫urin˛„, ˛es„turi de Ónalt„ calitate. Ea este
destinat„, Ón exclusivitate, producerii de materiale plu-
∫ate. Ma∫ina combin„ viteza foarte mare a ZAX9100 cu
know-how-ul ˛eserii materialelor plu∫ate, cum ar fi pro-
soapele jacard, cu diferite Ón„l˛imi ale plu∫ului ∫i cele cu
plu∫ multiciclic (cu cicluri de 3 p‚n„ la 7 b„t„i), cu un
tu∫eu moale ∫i un aspect vizual pl„cut. Sistemul integrat
Versa-Terry ofer„ posibilitatea ˛eserii unor prosoape
plu∫ate cu diverse modele, iar sistemul de inser˛ie a
b„t„turii pentru firele de janilie ∫i dispozitivul electric de
prindere a firului l„rge∫te gama de aplica˛ii a ˛es„turilor.
Œmbun„t„˛irea parametrilor de func˛ionare â vitez„ cres-
cut„, flexibilitate, calitate Ónalt„, economie de energie,
operabilitate â confer„ un caracter prietenos utiliza-
torului. 
Noua ma∫in„ de ˛esut cu jet de ap„ ZW8100 (fig. 1) a
preluat caracteristicile de baz„ ale seriei ZW. Au fost
optimizate tehnicile de ˛esere de pe ma∫inile tradi˛ionale
cu jet de ap„, performan˛a la vitez„ mare, calitatea ∫i
consumul de energie. Proiectarea optim„ a elementelor
ma∫inii ZW8100 spore∫te viteza de operare cu 10%,
reduc‚nd, Ón acela∫i timp, consumul de energie elec-
tric„ cu 5% ∫i vibra˛iile cu 50%, Ón compara˛ie cu mo-
delele existente. PSS-W Programmable Start este un
dispozitiv nou dezvoltat pentru a preveni apari˛ia sem-
nelor datorate opririlor ma∫inii. Ma∫ina ZW8100 este
destinat„ realiz„rii unei largi game de ˛es„turi cu den-
sitate mare, de Ónalt„ calitate ∫i la o vitez„ ridicat„, din
fire cu diferite fine˛i â de la cele sub˛iri, la cele groase,
cu diferite l„˛imi â de la cele Ónguste, la cele late, ∫i cu
structuri inegale, cum ar fi leg„tura dubl„.
ZW8100 este proiectat„ pentru o operare simpl„.
Sistemul de navigare a ˛es„turii permite operarea cu
u∫urin˛„, pentru aproape toate set„rile ma∫inii, iar dis-
pozitivul automat de c„utare a b„t„turii APF-W permite
g„sirea automat„ a b„t„turii ∫i apoi repornirea, Ón cazul
opririi ma∫inii. Totodat„, ma∫ina este dotat„ cu sistem
de uscare, pozi˛ionat direct pe aceasta, contribuind

astfel la ob˛inerea unei Ónalte calit„˛i ∫i a unei economii
suplimentare de energie. 

Melliand International, 2010, nr. 3, p. 98

O NOU√ MA™IN√ DE TRICOTAT 
DE LA SHIMA SEIKI

Noua ma∫in„ Mach2X153 18L de la Shima Seiki Mfg.,
Ltd., Wakayama/Japonia, reprezent‚nd ultimul model
din seria Mach2X, este destinat„ tricot„rii articolelor de
Ónalt„ calitate, dintr-o singur„ bucat„. Ma∫ina 18L pre-
zint„ un avantaj semnificativ pe pia˛„, datorit„ faptului c„
se elimin„ procesele de asamblare sau coasere, care
presupun o activitate extrem de specializat„ ∫i care
creeaz„ dificult„˛i legate de respectarea unor cerin˛e
privind viteza ma∫inii, calitatea ∫i rezisten˛a materialelor
tricotate. 
Comparativ cu modelele anterioare, ma∫ina rectilinie de
tricotat 18L, cu comand„ computerizat„, are o produc-
tivitate mult mai mare ∫i poate atinge o vitez„ maxim„ de
1,6 m/s. R2Carriage asigur„ reveniri mai rapide ale
saniei, dup„ fiecare curs„. Ma∫ina este dotat„ cu 4 fon-
turi cu ace ∫i cu un c‚rlig special al acului glisor, cu un
pas al acului de calibrul 18. Ea are capacitatea de a
realiza tricoturi ultrafine, cu fine˛ea 15. 
Pentru a men˛ine o vitez„ crescut„, sistemul de control
digital al pasului Shima Seiki, cu inteligen˛„ Óncorporat„,
necesit„ o nou„ upgradare. Noul sistem de control al
tensiunii dinamice, i-DSCS+DTC, asigur„ un reglaj
electronic variabil al tensiunii din fir, permi˛‚nd trico-
tarea firelor fine la vitez„ mare, prin reducerea ruperilor
de fire.
Alte Ómbun„t„˛iri se refer„ la:
● un nou sistem de prindere ∫i t„iere a firului, dotat cu

dispozitiv de Óndep„rtare a scamei, pentru reducerea
necesit„˛ilor de Óntre˛inere; 

● o interfa˛„ USB, localizat„ sub monitorul de coman-
d„, pentru optimizarea accesului la schimbul de date; 

● repozi˛ionarea conect„rii la re˛ea, pentru facilitarea
accesului la informa˛iile privind managementul fabri-
cii, cu ajutorul Shima Network Solutions; 

● eficientizarea spa˛iului, prin integrarea gr„tarului de
colectare a materialului Ón corpul ma∫inii. 

Œncep‚nd cu luna ianuarie a anului 2010, Shima Seiki
a lansat pe pia˛„ ma∫ina de tricotat Mach2X153 18L ∫i
a prezentat-o Ón cadrul unor expozi˛ii private de pe ma-
pamond. 

Melliand International, 2010, nr. 3, p. 110

NOI DEZVOLT√RI ALE MA™INII DE TRICOTAT
CIRCULARE S296-2

Compania Terrot GmbH, Chemnitz/Germania, Ómpre-
un„ cu partenerul s„u PT. Primatek Technologies, a
expus Ón cadrul t‚rgului interna˛ional Bandung Inter Tex
2010, ce a avut loc Ón perioada 22â25 aprilie, la Djakar-
ta/Indonezia, noua genera˛ie de ma∫ini de tricotat circu-
lare S296-2 (fig. 1).
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Ma∫ina are urm„toarele caracteristici: diametrul â 36
inch, fine˛a â E 28, num„rul de conduc„toare de fir â
115, num„rul de ghidaje ale camei â 2â4, structura
tricotului â glat, realizat pe o singur„ fontur„.
Avantajele optimiz„rii ma∫inii S296-2 se refer„ la: 
● eficien˛a ridicat„ ∫i flexibilitatea produc˛iei pentru Ón-

treaga gam„ de fire sau materiale c„ptu∫ite cu span-
dex, de diferite structuri ∫i greut„˛i;

● capacitatea prelucr„rii firelor de bumbac ∫i a celor
sintetice, la un nivel foarte ridicat de performan˛„;

● posibilitatea regl„rii avansate a lungimii firului din
ochi, printr-o unitate scalar„ mai exact„, care Ómbu-
n„t„˛e∫te precizia regl„rii;

● retehnologizarea fonturii cu ace, prin dotarea cu un
nou ac al cilindrului, care este convertibil ∫i ieftin;

● reproiectarea fonturii cu ace, cu o orientare pozitiv„ 
a acelor Ón curba camei â acele fiind ghidate f„r„
piedici ∫i reduc‚nd apari˛ia uzurii la viteze mai mari
ale ma∫inii;

● noi conduc„toare de fir, rezistente la uzur„, realiza-
te din zirconiu, cu cilindri din spandex, pentru o a-
coperire perfect„, prevenind astfel acumul„rile de
scam„.

Melliand International, 2010, nr. 3, p. 111

ARM√TUR√ NANOPELICULIZAT√

Compania Global Armour, cu sediul Ón Irlanda de Nord
∫i cu o experien˛„ de peste 30 de ani Ón domeniul in-
dustriei produc„toare de echipamente de protec˛ie, a
elaborat o nou„ armur„ corporal„ de Ónalt„ performan˛„.
Utilizarea tehnologiei P2i, dezvoltat„ ini˛ial pentru a
perfec˛iona echipamentele militare de protec˛ie Ómpo-
triva atacurilor chimice, creeaz„ o serie de avantaje
pentru vesta de protec˛ie G Tech (fig. 1): greutate
redus„ â datorit„ faptului c„ nu mai este necesar„
folosirea unor agen˛i permanen˛i, volumino∫i, de imper-
meabilizare, ∫i confort ∫i protec˛ie sporite â prin men-
˛inerea unor curen˛i de aer naturali ∫i prin draparea
materialului din care este realizat articolul de Ómbr„-
c„minte. 
àPoli˛ia, securitatea ∫i, Ón special, for˛ele militare din
Óntreaga lume manifest„ un interes deosebit fa˛„ de
aceste echipamente u∫oare ∫i de Ónalt„ performan˛„,

menite s„ le protejeze via˛a... Tehnologia P2i va fi acum
prezent„ Ón toate ofertele noastre contractuale ca
beneficiu exclusiv, de Ónalt„ valoareÜ â afirma Terrz
McCartney, pre∫edintele companiei.
Œn timp ce la echipamentul utilizat Ón mod tradi˛ional
pentru protec˛ia Ómpotriva substan˛elor chimice ∫i a al-
tor produ∫i contaminan˛i pe baz„ de ap„ sau ulei, cum
ar fi ploaia, murd„ria ∫i transpira˛ia, s-au folosit agen˛i
permanen˛i de impermeabilizare, care au suplimentat
semnificativ greutatea, volumul ∫i reten˛ia de c„ldur„,
tehnologia P2i creeaz„ un strat protector nanoscopic,
polimeric, pe Óntreaga suprafa˛„ a articolului de Ómbr„-
c„minte, inclusiv cus„turi ∫i tiv, care este de o mie de
ori mai sub˛ire dec‚t firul de p„r uman. La contactul cu
apa sau uleiul, acestea formeaz„ pic„turi ce se rosto-
golesc, pur ∫i simplu, pe suprafa˛a materialului, f„r„ a fi
absorbite. Acest lucru previne p„trunderea contami-
natorilor externi ∫i favorizeaz„ eliminarea transpira˛iei
evaporate, ceea ce ofer„ purt„torului un plus de confort
∫i cele mai competitive condi˛ii de performan˛„.
Cu toate c„ nanopelicula P2i de impermeabilizare la
lichide este imperceptibil„ pentru purt„tor, aceasta are
o durat„ de via˛„ la fel de mare ca ∫i materialul din care
este confec˛ionat articolul, datorit„ lierii moleculare
direct pe suprafa˛a textil„.

Smarttextiles and nanotechnology, mai 2010, p. 4

P¬NZ√ BETONAT√

P‚nza betonat„ este un material impregnat, brevetat,
dezvoltat de compania britanic„ Concrete Canvas.
Brevetul britanic GB 2455008 se refer„ la un tricot
realizat din trei straturi: stratul inferior â un tricot cu
desime mic„, stratul superior â un tricot cu desime mai
mare ∫i un strat pufos, situat Ón spa˛iul dintre stratul
inferior ∫i cel superior, din fire de plu∫. Œn spa˛iul dintre
straturi este introdus un material reglabil, precum ci-
mentul, care poate fi fixat prin ad„ugarea de ap„. P‚n„
Ón momentul fix„rii, materialul este flexibil, put‚nd fi mo-
delat. Dup„ fixare, materialul devine rigid ∫i poate fi fo-
losit ca element structural Ón diverse aplica˛ii, cum ar fi:
acoperi∫uri pentru ad„posturi din prefabricate, repara˛ii
ale acoperi∫urilor, realizarea de structuri antiigrasie,
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drumuri pentru vehicule, pietoni ∫i animale, lucr„ri care
implic„ turnarea betonului â de exemplu, bariere ce de-
limiteaz„ tunelurile, ranforsarea structurilor de p„m‚nt,
a malurilor r‚urilor â pentru prevenirea inunda˛iilor, re-
para˛ii ale re˛elelor de ˛evi sau ale conductelor de ap„,
construirea unor noi conducte etc. 
P‚nza betonat„ este de˛in„toarea premiului Medium
Material of the Year, acordat de asocia˛ia Material Con-
neXion, Ón noiembrie 2009, fiind o inova˛ie tehnologic„
remarcabil„, care are poten˛ialul de a contribui semni-
ficativ la dezvoltarea designului, industriei, societ„˛ii ∫i
economiei.
A∫a cum afirma domnul George M. Beylerian, fondator
∫i director executiv al asocia˛iei Material Connexion
àAcest premiu este o oportunitate pentru a celebra
extraordinara amploare ∫i sfer„ de aplicare pe care
inovarea din domeniul materialelor a c„p„tat-o Ón zilele
noastre... C‚∫tig„torul se distinge nu numai prin ca-
pacitatea sa tehnic„, dar ∫i printr-un impact de durat„ 
Ón vie˛ile noastreÜ.
Tehnologia realiz„rii unui material flexibil, impregnat cu
ciment, ce permite ca modelarea ∫i asamblarea Ón di-
ferite forme s„ fie rapid„ ∫i u∫oar„, este o solu˛ie optim„
pentru iarna anului 2010. Cu un simplu adaos de ap„,
este posibil„ crearea unor structuri sigure, durabile ∫i
necombustibile, pentru o gam„ larg„ de utiliz„ri co-
merciale, militare ∫i umanitare. Aceast„ inova˛ie este
remarcabil„ deoarece permite construirea rapid„ a ad„-
posturilor ∫i a structurilor de depozitare a alimentelor, Ón
situa˛ii de urgen˛„ sau calamit„˛i naturale.

Smarttextiles & nanotechnology, aprilie 2010, p. 12

RADIAfiII ELIMINATE, C√LDUR√ CAPTAT√

La unul din standurile t‚rgului interna˛ional pentru
amenaj„ri interioare Heimtextil, care a avut loc la Frank-
furt, Ón ianuarie 2010, firma Erfurt, cu sediul la Wupper-
tal â Germania, a prezentat o gam„ larg„ de tapeturi
realizate din materiale ne˛esute, care prezint„ o serie de
avantaje pentru mediul interior. Aceste produse sunt
acum extrem de populare, Ón special Ón Germania,
printre ele num„r‚ndu-se EMV 80 Carbonviles, declarat
scut Ómpotriva electrosmogului.
Durerile de cap, ame˛elile, tulbur„rile de somn, obo-
seala ∫i chiar depresia sunt asociate cu radia˛iile elec-
tromagnetice provenite de la semnalele re˛elelor radio ∫i
de la liniile de Ónalt„ tensiune. M„sura Ón care oamenii

sunt afecta˛i de acestea, depinde at‚t de densitatea
re˛elelor, c‚t ∫i de constitu˛ia fiec„rui individ. Accesi-
bilitatea wireless extinz‚ndu-se Ón fiecare col˛ al lumii,
aceast„ problem„ nu este una u∫or de rezolvat.
Noul material EMV 80 Carbonviles, realizat de firma
Erfurt, pentru ecranarea electrosmogului, ofer„ protec-
˛ie la un pre˛ avantajos. El poate fi utilizat cu u∫urin˛„,
fiind aplicat pe perete prin tehnica lierii, ∫i este dispo-
nibil Ón role de 1 x 20 metri, cu o grosime de aproximativ
4 mm. Produsul ne˛esut reprezint„ o baz„ ideal„ pentru
vopsire. Œn plus, materialul are Óncorporat un grilaj de
carbon, care ofer„ un scut durabil Ómpotriva undelor
electromagnetice (fig. 1).
Materialul de izola˛ie, deosebit de ignifug â apar˛in‚nd
clasei B1, ofer„ o protec˛ie eficient„, fiind recomandat
Ón domeniul construc˛iilor â hoteluri, ∫coli, centre de
formare, birouri ∫i instala˛ii de produc˛ie etc.
Tapeturile realizate din ne˛esute KlimaTec Pro KV 600
sunt capabile s„ realizeze àdecuplarea termic„ a unei
camere de la zid„ria acesteiaÜ. Cu alte cuvinte, un tapet
cald, care are un efect deosebit atunci c‚nd este apli-
cat pe pere˛ii reci, poate reduce costurile Ónc„lzirii unei
camere cu p‚n„ la uimitorul procentaj de 75%. Œn figura
2 este prezentat efectul de izolare termic„ cu ∫i f„r„
aplicarea de KlimaTec pe un zid rece.
Principiul s„u de realizare nu se bazeaz„ pe izolarea
interioar„ clasic„, ci mai degrab„ pe suprafa˛a pere-
telui, care poate reflecta, Ón mare m„sur„, energia ter-
mic„ aflat„ Ón aerul din Ónc„pere. Œn consecin˛„, 80%
din c„ldur„ este utilizat„ direct pentru Ónc„lzirea ca-
merei. Œn plus, schimbul de c„ldur„ prin ventila˛ie este
considerabil accelerat.

KlimaTec Pro KV 600 este fabricat f„r„ PVC, emolien˛i
∫i solven˛i ∫i permite difuzia, cu alte cuvinte nu creeaz„
un climat asem„n„tor celui dintr-o pung„ de plastic.
Acest lucru este deosebit de util pentru locuin˛ele care
nu sunt permanent Ónc„lzite, ci doar Ón func˛ie de
necesit„˛i, ori pentru proprieta˛ile protejate sau cele
suprapuse, la care nu este permis„ izola˛ia exterioar„
clasic„.
KlimaTec Pro KV 600 ofer„, de asemenea, rezultate
optime Ón prevenirea mucegaiului, din cauza form„rii
condensului pe pere˛ii reci. Cu toate acestea, pentru
garantarea succesului, este esen˛ial ca astfel de came-
re s„ fie ventilate Ón mod regulat.
Tapeturile din materiale ne˛esute pot fi folosite, de ase-
menea, Ón acoperirea fisurilor ∫i egalizarea suprafe˛elor
de baz„, utiliz‚nd structuri de la cele mai sub˛iri la cele
voluminoase, f„r„ a fi necesar„ o uniformizare pre-
alabil„.

Future Materials, martie 2010, p. 12
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Cu o popula˛ie de aproximativ cinci sute de milioane de
persoane, Uniunea European„ se situeaz„ pe plan mon-
dial pe pozi˛ia a treia, dup„ China ∫i India, realiz‚nd cea
mai mare parte a comer˛ului mondial ∫i gener‚nd o
p„trime din bun„starea mondial„. Astfel, amploarea afa-
cerilor ∫i impactul comercial, economic ∫i financiar fac
din U.E. o putere important„ pe plan mondial. Pentru
Rom‚nia, aceasta reprezint„ principala pia˛„ de
desfacere a produselor textile ∫i de Ómbr„c„minte. Œn
anul 2008, 93,72% din totalul exporturilor Rom‚niei
erau Ón ˛„rile Uniunii Europene, de aceea orice
modificare survenit„ pe aceast„ pia˛„ se resimte ∫i Ón
comer˛ul ∫i industria autohton„ de textile ∫i Óm-
br„c„minte.

Evolu˛ia comer˛ului cu produse textile
∫i de Ómbr„c„minte, Ón perioada 1990â2008
Comer˛ul mondial cu textile ∫i Ómbr„c„minte a crescut
de peste 100 de ori, Ón ultimii 45 de ani, de la 6 miliarde
de dolari S.U.A. â Ón 1962, la peste 6126 miliarde de
dolari S.U.A. â Ón 2008, fiind unul din cele mai dinamice
sectoare de produc˛ie. O contribu˛ie semnificativ„ la
aceast„ cre∫tere au avut-o ˛„rile Ón curs de dezvoltare,
˛„ri care, la ora actual„, aprovizioneaz„ circa 50% din
pia˛a mondial„ de textile ∫i peste 60% din cea a pro-
duselor de Ómbr„c„minte.
Œntre anii 1985 ∫i 1990, cre∫terile anuale ale exporturilor
mondiale de Ómbr„c„minte au fost de 18%, fiind egalate
doar de exporturile de echipamente de telecomunica˛ii

∫i servicii. Œn anii ce au urmat, exporturile de Ómbr„c„-
minte au Ónregistrat cre∫teri anuale semnificative, ajun-
g‚nd p‚n„ la 12% â Ón 2006 ∫i 2007. Tendin˛a de
cre∫tere s-a observat ∫i la nivelul exporturilor de pro-
duse textile, doar c„ nivelul acesteia este sub cel al
exporturilor de Ómbr„c„minte, cre∫terea anual„ fiind de
maximum 9%, Ón 2007. 
Pe pie˛ele acestor produse, un loc deosebit de im-
portant Ól de˛ine U.E., care â Ón anul 2008 â asigura
31,05% din exporturile mondiale de Ómbr„c„minte
(1,9% din totalul exporturilor mondiale) ∫i 32,05% din
cele de textile (1,4% din totalul exporturilor mondiale). 
Œn tabelele 1 ∫i 2 este prezentat„ situa˛ia exporturilor de
textile ∫i Ómbr„c„minte, pe plan mondial ∫i Ón U.E.-27, Ón
perioada 1990â2008.
De∫i evolu˛ia valorii exporturilor mondiale de textile ∫i
Ómbr„c„minte indic„ o cre∫tere constant„, se poate ob-
serva o diminuare a procentajului acestora Ón totalul ex-
porturilor mondiale de Ómbr„c„minte, de la 3,1% â Ón
2000, la 2,3% â Ón 2008 ∫i de la 2,5% la 1,6% a celor
de textile.
Œn aceast„ perioad„, aceea∫i evolu˛ie se reg„sea ∫i la
nivelul U.E.-27, diminuarea cotelor sc„z‚nd de la 2,3%
la 1,9% â la exporturile de Ómbr„c„minte, ∫i de la 2,3%
la 1,4% â la cele de textile. Majoritatea exporturilor
U.E.-27 de produse de Ómbr„c„minte (75,33%) ∫i de
textile (69,86%), se realiza Óntre statele membre,
exporturile pe alte pie˛e fiind Ón procentaje mult mai
reduse: 5,5% din exporturile de Ómbr„c„minte se
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Tabelul 1

Ponderea Ón
Exporturile Valoarea, exporturile

de milioane de dolari S.U.A. totale,
Ómbr„c„minte %

1990 2000 2005 2006 2007 2008 2000 2008

Mondiale 108 129 198 158 276 822 309 593 345 301 361 888 3,1 2,3

U.E.-27 â 56 240 85 471 91 433 103 368 112 375 2,3 1,9

Exporturi intra U.E.-27 â 43 286 66 438 70 535 78 603 84 658 2,6 2,1

Exporturi extra U.E.-27 â 12 954 19 033 20 898 34 765 27 717 1,7 1,4

Sursa: International trade statistics 2009, WTO Publications, Switzerland, 2009, p. 113

Tabelul 2

EXPORTURILE DE TEXTILE,  MONDIALE ™I  ALE U.E. -27,  ŒN PERIOADA 1990â2008

Ponderea Ón
Exporturile Valoarea, exporturile

de milioane de dolari S.U.A. totale,
textile %

1990 2000 2005 2006 2007 2008 2000 2008

Mondiale 104 354 156 766 202 657 217 992 238 126 250 198 2,5 1,6

U.E.-27 â 56 737 70 468 73 844 80 618 80 207 2,3 1,4

Exporturi intra U.E.-27 â 41 170 50 044 52 308 56 894 56 035 2,5 1,4

Exporturi extra U.E.-27 â 15 567 20424 21 536 23 724 24 172 2,0 1,3

Sursa: International trade statistics 2009, WTO Publications, Switzerland, 2009, p. 107



Óndrepta spre statele CIS, 3,5% spre America de Nord,
4,1% spre Asia etc., aproximativ acelea∫i destina˛ii
reg„sindu-se ∫i la exporturile de textile.
Evolu˛ia importurilor de produse de Ómbr„c„minte re-
flect„ o tendin˛„ de diminuare a cotei de˛inute de aceste
produse Ón totalul importurilor U.E.-27. De∫i valoarea
acestora a crescut continuu din 2000, la ora actual„
aceste produse reprezint„ doar 2,8% din totalul impor-
turilor U.E.-27, 52,37% din acestea fiind din afara ˛„ri-
lor membre, iar restul de 47,63% fiind reprezentat de
fluxurile comerciale dintre cele 27 ˛„ri ale U.E. 
Œn anul 2008, principalele ˛„ri ce aprovizioneaz„ pia˛a
U.E.-27 cu produse de Ómbr„c„minte, Ón afara statelor
membre, sunt China â cu 22,4%, Turcia â cu 6,7%,
Bangladesh â cu 3,9% ∫i India â cu 3,6%. Cre∫terile
anuale procentuale a importurilor U.E.-27 din ultimii ani
scot Ón eviden˛„ asaltul asupra pie˛ei europene de
Ómbr„c„minte exercitat, Ón principal, de c„tre China,
Turcia, India, dar ∫i de c„tre alte state, precum Maroc,
Vietnam, Serbia, Macedonia, Albania, Republica Mol-
dova etc. â cu toate c„, la ora actual„, ele de˛in cote
mici pe pia˛a european„ a acestor produse.
Tendin˛a de diminuare a cotei de˛inute de produsele de
Ómbr„c„minte Ón totalul importurilor U.E.-27 se reg„-
se∫te ∫i la produsele textile: de la 2,2% â Ón 2000 la
1,3% â Ón 2008.
Œn ceea ce prive∫te provenien˛a produselor textile im-
portate de U.E.-27, Ón 2008, se remarc„ faptul c„
acestea sunt Ón propor˛ie de 74,5% din Europa, 20,8%
din Asia, 1,7% din America de Nord, 1,4% din Africa,
restul furnizorilor de˛in‚nd cote sub 1%. Œn ceea ce pri-
ve∫te statele ce furnizeaz„ textile pe pia˛a european„,
acestea sunt: U.E.-27 (66,7%), China 9,9%, Turcia
5,7%, India 3,7% ∫i Pakistan 2,6%.
La nivelul anului 2008, se remarc„ diminuarea im-
porturilor de textile ale U.E.-27 din aproape toate re-
giunile, excep˛ie f„c‚nd importurile din Asia, care au
Ónregistrat o cre∫tere de 5% fa˛„ de cele realizate Ón
2007 â cu mult sub cre∫terea anual„ din anul pre-
cedent. 

Œn tabelele 3 ∫i 4 este prezentat„ situa˛ia importurilor de
textile ∫i Ómbr„c„minte, pe plan mondial ∫i Ón U.E.-27, Ón
perioada 1990â2008.
Configurarea actual„ a principalilor exportatori ∫i im-
portatori de textile ∫i de produse de Ómbr„c„minte este
complet diferit„ de cea Ónregistrat„ Ón urm„ cu 40 de
ani, c‚nd ˛„rile industrializate dominau exporturile din
acest domeniu, remarc‚ndu-se faptul c„, Ón prezent,
˛„rile Ón curs de dezvoltare produc mai mult de jum„tate
din exporturile mondiale de textile ∫i aproape dou„
treimi din cele de Ómbr„c„minte.

Factorii de influen˛„ a evolu˛iei comer˛ului 
cu produse textile ∫i de Ómbr„c„minte
Kufuor K.O. sublinia faptul c„ factorii de baz„ care au
influen˛at modific„rile din topurile principalilor exporta-
tori de textile ∫i de Ómbr„c„minte au fost costurile de
produc˛ie ∫i sistemul de cote stabilit Ón 1974, prin
acordul MFA (The Multifibre Arrangement), considerat
cel mai restrictiv instrument comercial. Ikenson D. evi-
den˛iaz„ ∫i al˛i factori de influen˛„, cum ar fi: viteza,
calitatea, acordurile ∫i angajamentele legale, logistica ∫i
costul de produc˛ie.
Un alt factor care a contribuit la realizarea acestor mu-
ta˛ii a fost dezvoltarea, cu prec„dere dup„ 1990, a fe-
nomenului delocaliz„rii produc˛iei dinspre ˛„rile indus-
trializate, Ón special din S.U.A. ∫i U.E., spre ˛„rile Ón curs
de dezvoltare. Aceasta s-a realizat at‚t prin transferul
direct a unei p„r˛i din capacit„˛ile lor de produc˛ie a
textilelor (fire, ˛es„turi), c‚t ∫i prin opera˛iuni de pre-
lucrare pasiv„ (outward processing trade â OPT), cu-
noscute ∫i sub denumirea de lohn.
Labrianidis ∫i Kalantaridis au studiat acest fenomen ∫i
au ajuns la concluzia c„ acest tip de fabrica˛ie aduce
beneficii pentru toate p„r˛ile implicate. Concluzii simi-
lare sunt men˛ionate ∫i Ón lucr„rile lui Giovanni Graziani,
Hanzl-Weiss, Oeth ∫i Stengg Werner, care au evi-
den˛iat c„ beneficiul final al regimului de produc˛ie OPT
este faptul c„ firmele din Vest au profitat de salariile mai
mici pl„tite muncitorilor din ˛„rile executante ∫i, prin
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Tabelul 3

IMPORTURILE DE ŒMBR√C√MINTE ALE U.E. -27,  ŒN PERIOADA 1990â2008

Ponderea Ón
Importurile Valoarea, importurile

de milioane de dolari S.U.A. totale,
Ómbr„c„minte %

1990 2000 2005 2006 2007 2008 2000 2008

U.E.-27 â 83 181 131 496 144 416 162 806 177 741 3,2 2,8

Importuri extra U.E.-27 â 40 148 65 621 74 355 84 203 93 083 4,4 4,1

Sursa: International trade statistics 2009, WTO Publications, Switzerland, 2009, p. 114

Tabelul 4

IMPORTURILE DE TEXTILE ALE U.E. -27,  ŒN PERIOADA 1990â2008

Ponderea Ón
Importurile Valoarea, importurile

de milioane de dolari S.U.A. totale,
Ómbr„c„minte %

1990 2000 2005 2006 2007 2008 2000 2008

U.E.-27 â 57 422 71 642 76 329 84 208 83 962 2,2 1,3

Importuri extra U.E.-27 â 16 222 21 531 23 924 27 314 27 927 1,8 1,2

Sursa: International trade statistics 2009, WTO Publications, Switzerland, 2009, p. 108



urmare, ∫i-au redus costurile de produc˛ie, Ón timp ce
˛„rile produc„toare de Ómbr„c„minte low-cost ∫i-au
Ómbun„t„˛it capacitatea lor de produc˛ie ∫i au Ónregistrat
o cre∫tere a ocup„rii for˛ei de munc„. Al„turi de costul
redus al for˛ei de munc„ din ˛„rile Ón curs de dezvoltare,
se men˛ioneaz„ ∫i al˛i factori care au determinat ca
firmele din Vestul Europei s„-∫i extind„ acest tip de
produc˛ie Ón ˛„rile Europei Centrale ∫i de Est ∫i Ón Africa
de Nord, ∫i anume: acordurile preferen˛iale de comer˛,
apropierea geografic„ de pia˛a U.E. ∫i tradi˛ia Ónde-
lungat„ Ón produc˛ia de Ómbr„c„minte.
Œn opinia noastr„, exist„ ∫i al˛i factori care au avut un
impact semnificativ asupra evolu˛iei pie˛ei confec˛iilor
din ultimii ani:
● reconfigurarea lan˛ului valorii produselor de Ómbr„-

c„minte â relocarea interna˛ional„ a produc˛iei, Ón-
so˛it„, Ón mod frecvent, de o tot mai mare implicare a
comercian˛ilor cu am„nuntul Ón activit„˛ile aflate Ón
amonte celor de produc˛ie, cum ar fi proiectarea pro-
dusului, precum ∫i de cre∫terea rolului v‚nz„torilor cu
am„nuntul Ón produc˛ia de textile-Ómbr„c„minte, ce
decurge nu numai din puterea de negociere (Ón cadrul
tranzac˛iilor), dar ∫i din puterea de pia˛„ (de orientare
a preferin˛elor de consum); 

● trecerea de la simpla asamblare a materiilor prime la
opera˛ii mai complexe, produc„torii din Asia de Est
devenind, la ora actual„, furnizori full-package pentru
cump„r„torii interna˛ionali;

● sc„derea continu„, Ón ultimii ani, a pre˛ului produselor
de Ómbr„c„minte;  

● reconfigurarea formatelor de v‚nzare cu am„nuntul a
produselor de Ómbr„c„minte â a∫a cum se Ónt‚mpl„ Ón
v‚nzarea cu am„nuntul a produselor alimentare, res-
pectiv tendin˛a de cre∫tere a spa˛iilor de comercia-
lizare ∫i r„sp‚ndirea autoservirii â hypermarketuri ∫i
lan˛uri de specialitate, prin care se asigur„ pre˛uri mai
mici, chiar dac„ oferta de servicii a acestora este mai
redus„; 

● extinderea Ón zona Europei de Est a marilor comer-
cian˛i cu am„nuntul â hypermarketuri ∫i lan˛uri de
specialitate, al c„ror succes se datoreaz„ dimen-
siunilor ∫i puterii mari de negociere, precum ∫i trecerii
de la produc˛ia local„ la cea ieftin„ din import, Ón
urma liberaliz„rii importurilor de Ómbr„c„minte; 

● schimbarea modelelor de consum Ón industria de
Ómbr„c„minte, datorit„ modific„rii tendin˛elor consu-
matorilor â care au devenit mai practici, mai pu˛in
loiali fa˛„ de m„rcile consacrate ∫i mai interesa˛i de
achizi˛ionarea produselor Ón perioadele de reducere
ale pre˛urilor de v‚nzare;

● intensificarea concuren˛ei interna˛ionale, determinat„
de extinderea tot mai mare a  domeniului de aplicare
a activit„˛ilor comerciale a lan˛urilor de specialitate ∫i
a hypermarketurilor; 

● apari˛ia unor noi forme de comer˛, ca de exemplu
Ülean retailingá â comer˛ul cu am„nuntul Ón cantit„˛i
mici, sau mai bine zis stocuri mici ∫i aprovizionare
Üjust-in timeá) ∫i Üfast fashioná â promovarea con-
fec˛iilor ieftine, copiate dup„ cele mai recente colec˛ii
de mod„, elegante, ale c„ror stocuri se lichideaz„
Ónainte de Ónchiderea sezonului, de c„tre promotori
precum Inditex (Zara), H&M, GAP; 

● apari˛ia unor schimb„ri Ón percep˛ia consumatorilor
privind decizia de alegere ∫i cump„rare a unui produs
textil â Ón func˛ie de valoarea, calitatea ∫i caracterul
s„u ecologic, dar ∫i Ón ceea ce prive∫te etica ∫i res-
ponsabilitatea social„ a produc„torului ∫i ecoreci-
clarea produselor textile.

CONCLUZI I

Ace∫ti factori nu au influen˛at doar comer˛ul pe pia˛a
european„ a textilelor ∫i a produselor de Ómbr„c„minte,
ci ∫i-au pus amprenta ∫i asupra evolu˛iei comer˛ului
exterior al Rom‚niei cu aceste produse. Datele sta-
tistice scot Ón eviden˛„ diminuarea continu„, Óncep‚nd
din anul 2004, a exporturilor de articole de Ómbr„c„-
minte Ón ansamblu (Ón 2008 exporturile de textile ∫i arti-
cole din textile reprezentau 10,5% din totalul expor-
turilor Rom‚niei, fa˛„ de 25,38% â c‚t reprezentau Ón
anul 2003), dar ∫i pe pie˛ele tradi˛ionale ale ˛„rii noastre
(Germania, Italia, Fran˛a, Marea Britanie). Aceast„ di-
minuare a exporturilor a dus la Ónchiderea a numeroase
firme de profil (589 de firme â din 2005 p‚n„ Ón 2008),
sc„derea num„rului de angaja˛i (de la 303 mii â Ón
2003, la 148,7 mii â Ón martie 2010) etc.
Un alt efect pe care Ól genereaz„ factorii men˛iona˛i se
refer„ la schimb„rile de ordin tehnologic, absolut nece-
sare pentru a putea fa˛„ acestor schimb„ri. Se fac pa∫i
importan˛i Ón sensul dezvolt„rii nanotehnologiilor apli-
cate Ón industria textil„ ∫i a dezvolt„rii unor procedee
tehnologice ecologice, care s„ asigure dezvoltarea sus-
tenabil„ a uneia dintre cele mai vechi ∫i importante in-
dustrii. 

Dr. ing. ec. SIMONA TRIPA
Dr. ing. ec. SUNHILDE CUC

Universitatea din Oradea
Facultatea de Textile ∫i Piel„rie
e-mail: tripasimona@yahoo.com; 

sunhilde_cuc@yahoo.com

199industria textil„ 2010, vol. 61, nr. 4

TENCEL LYOCELL ™I LITRAX-1 â NOI FIBRE CELULOZICE

Cele mai renumite companii produc„toare de fibre
celulozice, Lenzing AG, cu sediul la Lenzig/Austria, ∫i
Litrax AG, cu sediul la Lucerna/Elve˛ia, au lansat pe
pia˛„ o combina˛ie unic„ de fibre celulozice din bam-
bus â Tencel Lyocell ∫i Litrax-1.
Pentru implementarea acestor fire speciale din bambus
Ón industria textil„, au fost selectate patru filaturi, care s„
produc„ fire piept„nate ∫i fire filate cu inele, Ón scopul
comercializ„rii acestora.

Compania Litrax produce fibre naturale procesate
mecanic ∫i enzimatic. Primul produs de acest fel este
bambusul, o resurs„ rapid regenerabil„, cu aplica˛ii
universale. Œn realizarea de produse textile, fibrele din
bambus Litrax-1 pot fi combinate cu alte tipuri de fibre.
Compania a dezvoltat fibre naturale durabile ∫i aditivi
pentru diverse aplica˛ii ∫i industrii, inclusiv cea textil„,
cea a materialelor bioplastice ∫i cea auto.

Meliand International, iunie 2010, nr. 3, p. 58



Compania elve˛ian„ Huntsman Advanced Materials
GmbH, produc„toare de substan˛e chimice speciale, a
implementat solu˛iile r„∫inoase, marca Araldite, at‚t Ón
pretratarea fibrelor de in, c‚t ∫i Ón impregnarea final„, la
scar„ industrial„, materialele regenerabile put‚nd fi ast-
fel Óncorporate Ón produse compozite.
Aceast„ nou„ tehnologie de realizare a biomaterialelor
are capacitatea de a amortiza vibra˛iile, f„r„ a afecta
performan˛ele mecanice, oferind beneficii majore ar-
ticolelor destinate sectoarelor de agrement, sport ∫i
transport.
Scopul a fost atins prin combinarea propriet„˛ilor de
amortizare ale fibrelor de in, cu cele de Ónalt„
performan˛„ ale fibrelor de carbon. Aceast„ tehnologie
hibrid rezolv„ vechile probleme legate, Ón principal, de

folosirea inului la fabricarea rachetelor de tenis.
Pe baza acestei noi tehnologii, compania Huntsman
∫i-a construit propriul stand la t‚rgul interna˛ional JEC,
desf„∫urat la Paris Óntre 13 ∫i 15 aprilie 2010 ∫i dedicat
materialelor compozite.
Solu˛iile r„∫inoase elaborate de compania Huntsman,
ce poart„ marca Araldite, au contribuit la succesul fir-
mei belgiene Lineo NV, care, utiliz‚nd aceast„ metod„
de Óncorporare a materialelor regenerabile Ón cele com-
pozite, a c‚∫tigat premiul Bio-Based Award, pentru pre-
impregnatul pe baz„ de fire de in destinat amortiz„rii
vibra˛iilor Ón aplica˛ii sport, la t‚rgul interna˛ional JEC.

Meliand International, iunie 2010, nr. 3, p. 66
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