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Ladies and Gentlemen,

Welcome to the Central European Conference organized on the occasion of the 50" anniversary of the
beginning of the education in' chemical technology of fibres and textile chemistry at the Faculty of Chemical
Technology of the Slovak University of Technology in Bratislava and the 50" anniversary of the foundation
of the Research Institute for Man-Made Fibres in Svit.

The eighty-years’ history of chemical fibres and textile chemistry in Slovakia and particularly the
advent of synthetic fibres in the world and in our country in the middle of the past century met with a
response in the development of the higher technical education and research institutions. Polymer technology
was introduced as a new subject at the Faculty of Chemistry at that time. In addition to the traditional
subjects the specialisation of chemical fibres was founded at the Department of Wood and Cellulose in
1951.

The same year marked the founding of the Research Institute for Man-Made Fibres in Svit whose
activities focused on the applied research.

The specialisation, later Department of Fibres and Textile Chemistry gained the leading position in
the field of the education of experts for fibre and textile industry and together with the Research Institute
in Svit it ranked among the significant scientific and research institutions.

During fifty years, four people were awarded the degree of Professor, 11 people achieved the degree
of Associate Professor, and there were awarded 70 PhD degrees in chemical technology of fibres and
textile. More than 800 students of the Faculty of Chemical Technology graduated in this specialization
with the greatest number of graduates between 1970 and 1985. The basic and applied research conducted
at the Department resulted in a number of original papers and patents, many of them having been applied
in industry. The scientific and research achievements were presented at international conferences at home
and abroad, as well. It is important to underline that the current level of graduate and post-graduate
studies would not be achieved without very close cooperation of the Department, research institutes,
industrial sphere, and its technical development. The maintenance and the development of this collaboration
in the future should be our credo regardless of any change in social or ownership relations.

My sincere thanks go to all those working at our school, at research institutes, and in industry, who
contributed to the success achieved in teaching, research and development in the field of fibres and textile
in Slovakia.

This 2" Central European Conference on Fibre Grade Polymers, Chemical Fibres, and Special Textiles
is also an outcome of the Department’s cooperation with home and foreign partners. Wishing you a pleasant
and useful stay in Bratislava, I welcome you, on behalf of the Organizing and Scientific Committees, to
our Conference.

Assoc. Prof. Anton Marcindin
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Vazené damy a pani

Vitam Vds na 2. Stredoeurdépskej konferencie, ktord sa kona pri prileZitosti 50 . vyrocia zaciatku vyuc-
by v oblasti vidkien a textilu na CHTF STU v Bratislave ako aj 50 . vyrocia zaloZenia Vyskumného ustavu
chemickych vldkien vo Svite.

Uz 80 rocna historia chemickych vidkien a textilnej chémie na Slovensku, a najmd nastup syntetickych
vidkien vo svete i u nds v polovici minulého storocia mali svoju odozvu i v rozvoji technického vysokého
skolstva a vyskumnych pracovisk. K tradicnym odborom na Chemickej fakulte SVST pribudla technoldgia
polymérov a v roku 1951 bola zaloZena na Katedre dreva a celulozy tiez Specializacia chemickych vidkien.

V tom istom roku bol zalozeny aj Vyskumny ustav Chemickych viakien vo Svite, ktory sa orientoval na
aplikovany vyskum.

Katedra vidkien a textilu ziskala veduce postavenie v oblasti vychovy Specialistov pre vidknarsky prie-
mysel a textilnu chémiu a zaradili sa spolu s VUCHY vo Svite medzi Specialne vedecko-vyskumné pracovis-
ka.

Pocas 50 rocnej cinnosti v odbore chemickej technologie vldkien a textilu ziskali titul Profesor Styria
pracovnici, 11 pracovnici ziskali titul Docent a 70 pracovnikov titul kandidat vied doktor (CSc. — PhD.).
Statne zaverecné skisky a obhajobu diplomovej prdce tispesne absolvovalo vyse 800 posluchacéov CHTF,
pricom najvyssi pocet absolventov sa zaznamenal v r. 1970-1985. Vo vedeckej a vyskumnej praci sa riesili
ulohy zakladného i aplikovaného vyskumu, ktoré vyustili do velkého mnozstva pévodnych prac, patentov,
realizacnych vystupov v priemysle a do prezentdcie na medzinarodnych konferenciach doma i v zahranici.

Co je velmi délezité na doterajSom vyvoji je skutocnost, ze priprava inZinierov a ich dalSie vzdelanie,
vyskum i vyvoj v oblasti vidkien a textilnej chémie by neboli nikdy dosiahli doterajsiu uroven bez velmi
uzkej a ustretovej spoluprace katedry, vyskumnych ustavov, priemyselnej sféry a jej technického rozvoja.
Zachovanie a rozvoj tejto spoluprdce do budicnosti by malo byt nasim krédom bez ohladu na zmenu
spoloéenskych a viastnickych vztahov.

Dovolte mi pri tejto prilezitosti vyslovit uprimne podakovanie vSetkym pracovnikom Skoly, vyskumnych
ustavov a priemyslu, ktori sa pricinili o uspechy vo vyucbe, vyskume a rozvoji vidkien a textilu na Sloven-

sku.

Vysledkom spoluprace katedry s domacimi i zahranicnymi partnermi je aj tato Stredoeurdpska konfe-
rencia o vlaknotvornych polyméroch, chemickych vlaknach a Specialnych textiliach, ktora sa v poradi dru-
hé kona v Bratislave a na ktorej Vas za pripravny a vedecky vybor konferencie srdecne vitam. Zelam Vam
prijemny a uzitocny pobyt v Bratislave.

Assoc. Prof. Anton Marcincin
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50. Anniversary of Education and Research in Fibre and
Textile Chemistry at Faculty of Chemical Technology,
Slovak University of Technology in Bratislava.

Anton Marcinéin, Pavol Hodul

1. History

Department of Fibre and Textile Chemistry at the
Faculty of Chemical Technology, Slovak University of
Technology is the unique one in Slovak Republic which
provides the education and research in fibre and tex-
tile chemistry and technology. Educational process in
this field started at Faculty of Chemistry, Slovak Tech-
nical University (SVST) in the school year 1951-1952.
Department in today’s structure was established in
1991 by joining the divisions of Chemical Fibres and
Textile Chemistry. Its formation was a result of gradual
profile development during 60 years history of the
Faculty of Chemical Technology. From its establish-

1951

ment until today the specialisation of Fibre and Textile
chemistry has remained and important pedagogical
and scientific centre in our country.

Division of Chemical Fibres was created at the De-
partment of wood, cellulose and paper in 1951. Such
outstanding personalities of the Slovak Science as Pro-
fessor F. Kozmal (head of the Department) and Prof.
V. Risa (first head of the division) had the decisive merit
in creation of the new division.

In the school year 1965/66 the independent Depart-
ment of Chemical Fibres from the original division was
created. Prof. Alexander Pikler was appointed head of
the newly formed department. At the same time an-
other division of Textile Materials was parallely estab-

Creation of the division of Chemical Fibres within the Department of wood, pulp and paper.

Head of department: Prof. FrantiSek Kozmal

Head of the Division: Prof. Viliam RiSa (1951-1954)

Prof. Ladislav Chodak (1954-1965)

|
1965-1970
Department of Fibres
Assoc. Prof. Alexander Pikler

1970-1990

Department of Chemical

Technology of Plastic Materials and Fibres
Head of Department: Prof. Jozef Beniska
Head of Fibres Division:

1970-1985 Assoc. Prof. Alexander Pikler
1985-1990 Prof. Martin Jambrich

I
1965-1970
Department of Leather and Textile Materials
Assoc. Prof. Anton Blazej

1970-1990

Department of Textile, Cellulose
and Paper

Head of Department:

1970-1978 Prof. Anton Blazej
1979-1990 Prof. Lubomir Lapéik
Head of Textile Division:

1974-1981 Assoc. Prof. Jozef Ocadlik
1982-1990 Assoc. Prof. Pavol Hodul
Head of detached working place in Trenéin:
1972-1992 Assoc. Prof. Vaclav Prchal

1991
Department of Fibres and Textile Chemistry
Head of Department: Assoc. Prof. Anton Marcincin

Deputy Head of Department: Assoc. Prof. Pavol Hodul

Scheme 1 Education and research developments of the Fibre and Textile Science and Technology at Faculty
of Chemical Technology STU.

Vidkna a textil 8 (2) 67-76 (2001)
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lished within the Department textile, pulp and paper by
Prof. Anton Blazej, head of department. After 1970
Department of chemical fibres was integrated as divi-
sion into new Department of Chemical Technology of
Plastic Materials and Fibres, with Prof. J. Beniska, head
of Department and Prof. A. Pikler, later Prof. M.
Jambrich as head of Fibre Division.

In the school year 1991/92 both division, the Chemi-
cal Fibres and Textile Materials started to function as
a joined unit The Department of Fibre and Textile
Chemistry whit orientation to fibre-forming polymers,
natural and chemical fibres, science and technology as
well as textile chemistry and technology. The scheme
1 indicates detailed development of education and re-
search in the field of fibre and textile chemistry at Fac-
ulty of chemical technology. This development was
strongly influenced not only by objective requirements
of social and economical growth but also by negative
political pressure mainly in ideology and personal
policy at the Faculty during 50 years period of the to-
talitarian regime.

2. Education and Research Development

At the beginning education and research were ori-
ented to the natural fibres and chemical fibres based
on cellulose, processes of their preparation and textile
application. In this stage the laboratory links and other
laboratory equipment for fibre preparation (Blaschke
aparatus) were gradually installed. The curriculum con-
sisted of the following subjects: Technology of Chemi-
cal Fibres, Production of Synthetic Fibres, Textile
Chemistry as well as synthetic shaping theoretical
background e. g. Macromolecular chemistry were also
included. Simultaneously the research programmes in
the field of influence low molecular fractions of cellulose
on fibre — forming process, Technical important cellu-
lose derivatives and Targeted modification of synthetic
fibres were formulated.

Further development (1960—1975) in education and
research at the Department reflected the steadily grow-
ing importance of synthetic fibre — forming polymer and
fibres as well as wider use of chemical process in tex-
tile dyeing and finishing respectively. As a results the
new subjects as Physic of Polymers, Fibre Science and
Technology, Textile Chemistry and Technology, Struc-
ture and Properties of Fibres became the basis of
broader conception of education in the specialisation.
Department progressively has won an appreciated
position towards to research institutes and to industrial
sphere. Number of diploma engineers leaving the di-
visions of Chemical Fibres and Textile Chemistry fluc-
tuated from 30 to 40 yearly. Many of them became
a leading persons in fibre and textile enterprises in
Slovak as well as in Czech countries.

In 1965 the independent Department of Chemical

68

Fibres was founded and co-operation with industry has
been stressed. The condition for contract co-operation
of department with fibre and textile industry has been
extended mainly after 1975-1980.

In last twenty five years the education at the Depart-
ment have been enriched by subjects connected with
engineering aspect of technological process such as
Fibre Technology-melt spinning and Fibre Technology-
solution spinning in which the rheology of non —
Newtonian liquids, rheology in deformation and orien-
tation processes and changes in the structure of ori-
ented polymer were emphasised. The postgraduate
study has become a strong part of the highest qualifi-
cation for Fibres and Textile Chemistry domain in this
time. In co-operation with industry the many distance
short and long term courses were organised in an at-
tempt to enable a high qualification for researcher and
industrial technical management. Broader activity of
the Department towards to practice brought the de-
tached workplace in Trencin the centre of Slovak tex-
tile industry.

During 50 years of education and research in the field
of Fibres and Textiles in Slovakia four titles of Profes-
sor, three DSc, 11 Associate Professor and more than
70 doctorands (CSc. — PhD.) were awarded. Diploma
degree of master study at the both Chemical Fibres and
Textile Chemistry divisions has obtained about 800
specialists.

The research in this period rurs ir framework of state
plan. At the Fibre and Textile civisiors the following
partial tasks were investigated ir key projects:

New methods for fibre preparation. Structure and
properties relation, special fibres Physical modification
of fibre-forming polymers, spun ayec fibres. Physiology
parameters of garments , Textile materials modification,
Textile auxiliaries, synthesis and properties. Dyeing
and finishing-crease proofing. soil release and anti-
static.

Close co-operation with domestic and foreign institu-
tions was a characteristic feature of the Department
activity. To the most important partners in research co-
operation could be listed Research Institute for Man-
Made Fibres in Svit and Research Institute of Textile
Chemistry in Zilina. Further, the following co-operation
with Chemlon Humenne, Chemosvit Svit, Istrochem
(CHZJD) Bratislava, Slovak Silk Senica, Merina
Trvenéin, Maytex L. Mikula$, Tatralan Kezmarok,
VSCHT Pardubice, VUOS Pardubice, VUGPT Zlin, UP
SAV etc. Department participated in organising the in-
ternational conferences such as Fibrichem
a International Tatras Conference on Fibre-Forming
Polymers their Processing and Application. Long time
co-operations were developed with Department of
Chemical Fibres at Polytechnic Lodz /Poland / and also
with Departments of Textiles and Light Industry in Mos-
cow and Peterburg Textile Institutes as well as with
Magyar Viskosagyar in Nergesujfalu (Hungary).

Vidkna a textil 8 (2) 67-76 (2001)



3. Department of Fibre and Textile Chemistry
on the threshold of a new century

After 1990 there was a decrease in production of
fibres and textiles in Central and Eastern European
countries. Disruption of the market of former Soviet
block countries, insufficient capital resources together
with fundamental economic and political changes in
society have influenced not only industrial sphere but
also the whole educational system. As aresult
a significant reduction in staff members of the Depart-
ment followed. The number of workers gradually has
been reduced from 40-45 in 1990 to 14 in 2001. The
basic reform of curriculum was curried out taking in to
account the study programmes of universities in demo-
cratic countries. The bachelor study and credit system
were gradually implicated at the STU. Finally, the grand
system has been accepted as a novelty in scientific and
research activity.

The position and role of the Department of Fibre and
Textile Chemistry in Slovakia is given by providing for
following tasks:

— Education in fibres and textile chemistry and technol-
ogy on the university level (BSc and MSc).

— Taking a part in educational process in special sub-
jects at another Universities.

— Education in post graduate study (PhD) in the field
of Macromolecular Chemistry and participation in
PhD study in the area of Polymer Technology.

— Organisation regularly short and long term special
courses and workshops for industry and research in-
stitutes.

— Participation in the development of a new technology
of fibres and textile auxiliaries in close co-operation
with research institutes and industrial partners. De-
partment plays a significant role in transfer the ba-
sic research results into technological practise.

~ Providing a consult and advisory service in field of
chemical fibres and textile chemistry. Participation in
testing and certification of polymers, fibres and tex-
tile material.

— Taking part in edition of “ Vlakna a textil” ( Fibres and
Textiles) journal with original papers in English lan-
guage.

— Maintenance the contacts and co-operation with for-
eign universities and institutes. Department repre-
sents STU in AUTEX (Association of Universities for
Textiles) as associate member.

— Participation in the preparing the International Cen-
tral European Conference on Fibre Grade Polymers,
Chemical Fibres and Special Textiles.

4. Pedagogical process

Graduate of the Department of Fibre and Textile
Chemistry of the FCHT, STU is specialist who has

Vidkna a textil 8 (2) 67-76 (2001)

a profound knowledge in Fibre and Textile Science and
Technology and ground practical training in this field of
work. He is able to work in technical management of
enterprises and institutions further as researcher in
scientific and industrial institutions, municipal enter-
prises and services, at universities, colleges etc with
the perspective of promotion.

The current curriculum reflect trends of development
and restructuring fibre and textile areas after 1991. It
should be pointed out that in modification of curriculum
the introducing of bachelor study at our university and
implication of credit system as well as transformation
of some subjects from European Universities of simi-
lar branch were respected. The last but not least the re-
quirements of the Slovak textile and fibre industry have
been incorporate into study programme at the Depart:
ment. New compulsory subjects such as Textile Engi-
neering and Technology of Polymer Films were ap-
proved in the framework of master study. The last
revision the study program was accomplished in 1999.
The balance rate within the subjects shaping the gradu-
ate profile from the point of view: chemical and physi-
cal-chemical (Macromolecular Chemistry, Physics of
Polymers, Colloid Chemistry and Dyes and Colorim-
etry), further subjects of technology-engineering (Fibre
Science and Technology, Textile chemistry and Tech-
nology, Technology of Polymer Film, Modelling and
Control of the Processes) and finally subjects of mate-
rial-engineering (Principles of Textile Engineering,
Technical Textiles, Physiology of Clothing) was
stressed in last ten years of study. Smart textiles,
informatics technologies and textile design are to be
introduced in short period of time into educational proc-
ess at the specialisation. Some of them in general level
being a part of the bachelor study nowadays.

Department participates active also in bachelor study
with subjects of Macromolecular Chemistry, Technol-
ogy of Materials as well as Cosmetics and Indor Chem-
istry.

Review of the subjects in bachelor (general) and master
study (Technology of Fibre and Textile Chemistry) are given
abridged in the next list and in the table 1.

Bachelor programme (BSc.) at Faculty of Chemical
Technology, Slovak University of Technology (semes-

ter 1-6): Mathematics |., Il., Ill., Informatics, Physics |.,
II., Inorganic Chem. [, 1., Organic Chem. L., Il., Physic
Chem. I, 1l., Analytic Chem. 1., Il., Material Balance,

Chem. Engineering, Biology, Language . begin. and Il.
adv., Economy, Environment. Philosophy, Law, Man-
agement, Environmental Techn., Cybernetic, Phys.
Culture.

Subject of Technological Direction: Gen. Techn. In-
organic, Gen. Organic Technology, Technology of Ma-
terials, Thermical Technology, Appl. Mathematics, Op-
tional Subjects.
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Table 1 Subjects of specialisation Fibre and Textile Chemistry and Technology, C — compulsory subj., E — elective subj.

Subject

C/E Credits Semester

5 6 7 8 9

B Macromolecular Chemistry

Technology of Materials
Bachelor Project

B Physic of Polymers and Paper
Colloid Chemistry and Interfaces
a) Macromolecular Chemistry Il
b) Natural Polymers and Fibres
C Fiber Sci and Technology
Laboratory of F. Sci. and Techn.
a) Special and Modified Fibres
b) Structure and Properties of Fibres
¢) Modelling of Polymer Structure and Properties

B Financial Manage
Processing of Polymers

C Textile Engineering
Technical Textiles
Coloristics and Textile Auxiliaries
Laboratory of Textile Engineering
a) Chemical after Treatment of textiles
b) Physiology and Comfort of Clothing

B Utilisation of Wastes
C Textile Chemistry and Technology
Technology of Polymers Films
Fiber and Textile Testing
Laboratory of Textile Chemistry and technology

2/0/0

2/0/0
0/0/4

2/2/0
2/1/0
2/1/0
2/1/0
2/2/0
0/0/8
0/2/0
1/1/0
1/1/0

2/0/0
2/2/0
2/0/0
2/0/0
2/0/0
0/0/8
0/2/0
0/2/0

2/0/0
2/2/0
2/0/0
2/0/0
0/0/10

OO0 O0OmM MMOOOO0OO0OO0 MMMOOMMOO OO O
OBRBANND DNOROADIDW DN OO AN N

10™ Semester (spring) Diploma work 0/0/27

Subjects of Food and Biochem. Direction: Microbiol-
ogy |., Biochemistry I., Food Chemistry, Compulsory
subject, Food Technology, Biochemical Technology,
Elem. Nourishment, Analyt. Of Food, Optional Sub-
jects.

5. Research activity

Two VEGA projects (National Grant Agency) cover
basic research activity at Department:

1. VEGA No B9927/99 Fibre-forming blends
of polypropylene with polar polymers.

2. VEGA 1/8106/01 Dispersion of organic pigments
in synthetic polymer with particle size close to
nano-scale.

These projects enable to continue in traditional re-
search works at the Department which are oriented to
following areas: Fibres on basic of polymer blend,
Nanocomposite chemical fibres, New technology in
pigmentation of fibres, Antibacterial chemical fibres,
Enzymes and bioprocesses in finishing of textiles and
Processing of fibre forming polymers in fibre prepara-
tion.

Department is well equipped with laboratory lines for
melt spinning (extruders 16 mm and 32 mm diameter),
Rheometer Gottfert, Plastometers and Rotation
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rheometers, Thermomechanical analylis TMA 50,
Instron and Uster for mechanical properties, Alambeta
for thermophysic properties, SALS (morfology), DSC-
7 (Perkinelmer), Pretema, Ahiba (dyeing), Colori-
meters, Polystat PS-1 (antistatic properties), etc.

Results of the research are published in international
and domestic current journals, in technical journals, on
International conferences (Dorbirn, Gent, Mainz,
Eindhoven, Liberec, Lodz etc).

Part of the research capacity has been directed to co-
operation with industrial partners (Research Institute for
Man-Made Fibres in Svit, Research Institute of Textile
Chemistry in Zilina, Nylstar a.s., Rhodia a.s. Humenné,
Chemosvit, a.s. Svit, SH Senica, Istrochem Bratislava).
in the last five years three projects the Antibacterial vis-

Table 2 The publication activity of the Department in years

1998-2000
Activities 1998 1999 2000
1. Publications abroad 7 7 7
2. Publications in home 6 6 5
3. Lectures and posters 21 21 23
4. Proceedings 19 19 22
5. Research reports (ZoD) 4 2 -
6. Courses 1 - 1
7. Projects GAV (grants) 1 1 1
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cose fibres for Spolana Neratovice (CZ), Antibacterial
PP fibres for Istrochem Co and New PET concentrates
for Research Institute in Svit were finished successfully.

The publication activity of the Department is given in
the table 2.

6. International co-operation

Department is an associated member of AUTEX (As-
sociation of Universities for Textiles) in EU. Activities of
this organisation such as annual meetings provide fruit-
ful possibilities for professional contact and offer over-
view the current development in European university
education in textile. They bring also an opportunity for
closer personal contacts and exchange of information
concerning the study programmes, project preparation,
new concepts of study and organisation of the confer-
ences. Under the auspice of E-TEAM (AUTEX) project
of the specialised study for experts has been organ-
ised.

Department has participated in international project
CEEPUS, in framework of which already during four
years our students of textile branch do stay in Euro-
pean Universities. Last year the mobility are organised
also in the Socrates-Erasmus project.

Department in co-operation with Institute of Chemi-
cal Fibres from Poland started to organise the Polish
— Slovak seminars which has transformed to interna-
tional Central European Conference.

Staff of the department is active as committee mem-
bers of several scientific journals as well as scientific

boards of Universities. The professional contact are
mainly with following institutions: Technical University
of Liberec (CZ), Institute of Chemical Fibres, Lodz (PL),
University of Gent (B), University of Maribor (SLO), In-
stitute of Macromolecular Chemistry, Albert-Ludwigs
University Freiburg (G), Institute of Polymers, VSCHT
Praga (CZ).

7. Concluding remarks

In a global market the only possibility for EU textile
industry is the orientation to high-tech textile and indus-
trial textile materials, to survive under the competition
conditions. This development can not be accomplished
without high qualified specialists. The similar situation
is to be expected also in Associate states of EU. These
changes will be inevitable reflected in education of tex-
tile specialists. There is an intensive discussion to
these points in framework of AUTEX e.g. the First
AUTEX Conference: Textile Education and Research,
Strategies for the new millennium in June 2000 was
devoted to the new aspects and new orientation of
study at Textile Universities. It will be necessary all
positive results in this development to implicate in study
program at the Department, which has a good back-
ground and prospect to be a perspective educational
and research unit in fibre and textile chemistry, science
and technology in Slovakia.

50. Vyrocie vyucby a vyskumu vlakien a textilnej chémie
na Chemickotechnologickej fakulte, Slovenskej technickej
univerzity v Bratistislave

Anton Marcinc¢in, Pavol Hodul

Katedra viakien a textilu, CHTF STU

1. Historia

Katedra vlakien a textilu na Chemickotechnologic-
kej fakulte, Slovenskej technickej univerzity je jedi-
neéné pracovisko v Slovenskej republike, ktoré
vychovava vysokoskolsky kvalifikovanych absolven-
tov v odbore vlakien a textilnej chémie a technolé-
gie ariesi ulohy zakladného i aplikovaného vysku-
mu.

Vidkna a textil 8 (2) 67-76 (2001)

Vychovno-vzdelavaci proces na Specializacii chemic-
ké vlakna zacal na fakulte, Slovenskej vysokej Skoly
technickej v Sk. roku 1951/52.

Katedra v sucasnej Strukture vznikla v roku 1991
spojenim oddeleni chemickych viakien a textilnej ché-
mie.

ZaloZenie Katedry vlakien a textilu bolo vysledkom
postupnej profilacie Chemickotechnologickej fakulty
STU pocas 60-ro¢nej histérie.
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Schéma 1Vyvoj vyucby a vyskumu v chémii a technolégii viakien a textilu na Chemickotechnologickej

fakulte, STU
1951

Vznik oddelenia Chemickych viakien na Katedre dreva, celulozy a papiera

Veduci katedry:  Prof. FrantiSek Kozmal
Veduci oddelenia: Prof. Viliam RiSa (1951-1954)

Prof. Ladislav Chodak (1954-1965)

1965-1970
Katedra vlakien a textilnych materidlov
Doc. Alexander Pikler

1970-1990
Katedra plastickych latok a vlakien
Veduci katedry: Prof. Jozef Beniska

Veduci oddelenia:
1970-1985 Doc. Alexander Pikler
1985-1990 Prof. Martin Jambrich

1965-1970
Katedra kozi
Doc. Anton Blazej

1970-1990

Katedra textilu, celulozy a papiera

Veduci katedry:

1970-1978 Prof. Anton Blazej

1979-1990 Prof. Lubomir Lap¢ik

Vedlci oddelenia:

1974-1981 Doc. Jozef Ocadlik

1982-1990 Doc. Pavol Hodul

Veduci detaSovaného pracoviska katedry v Trencine
1972-1992 Doc. Vaclav Prchal

1991

Katedra viakien a textilu

Veduci katedry: Doc. Anton Marcincin
Zastupca veduceho katedry: Doc. Pavol Hodul

Od vzniku po dnesok Specializacia chemickej tech-
nolégie vlakien a textilu plnila délezité pedagogicke
a vyskumné ulohy a stala sa vyznamnym pedagogic-
kym i vedeckovyskumnym pracoviskom na Slovensku.

Specializacia Chemickych vidkien vznikla na Kated-
re dreva, celuldzy a papiera v r. 1951,

Rozhodujuci podiel na jej vzniku mali taki vyznamni
vedci a pedagogovia Slovenskej vedy ako Prof. F. Koz-
mal (veduci katedry) a Prof. V. Ria (prvy veduci odde-
lenia). V 8k. roku 1965-1966 vznikla z pdvodnej Spe-
cializacie samostatna Katedra chemickych viakien. Jej
veducim sa stal Prof. A. Pikler. V tom istom ¢ase pa-
ralelne vznika oddelenie Textilnych materidlov na Ka-
tedre textilu, celulézy a papiera pod vedenim Prof. A.
Blazeja. Po r. 1970 Katedra vlakien bola integrovana
ako oddelenie do novej Katedry plastickych latok a via-
kien, s veducim katedry Prof. J. Beniskom a veducim
oddelenia Prof. A. Piklerom, po r. 1985 Prof. M. Jam-
brichom.

V 8k. roku 1991-1992 boli oddelenia Chemickych
vlakien a textilnych materialov spojené do jedného pra-
coviska Katedry vlakien a textilu s orientaciou na vlak-
notvorné polyméry, na chémiu a technolégiu prirodny-
ch a chemickych viakien ako aj na textilni chémiu
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a technolégiu. Po¢as 50. Rokov bol vyvoj katedry
a Specializacie silne ovplyviiovany nielen objektivnymi
potrebami spoloénosti, priemyslu a ekonomickymi fak-
tormi, ale tiez negativne politickym a ideologickym za-
sahovanim najma do personalnej politiky fakulty a ka-
tedry v priebehu 40-roéného obdobia totalitneho
rezimu.

Nasledujuca schéma znazornuje detailne vyvoj vyuc-
by a vyskumu v oblasti viakien a textilnej chémie na
Chemickotechnologickej fakulte od r. 1951.

2. Vyvoj vyucby a vyskumu

Obsahové zameranie vyucby a vyskumu bolo po
vzniku Specializacie orientované na prirodné viakna
a na chemicke vlakna na baze celulézy, na procesy ich
pripravy a textilné aplikacie. Postupne sa vybudovali la-
boratoria zakladnymi pristrojmi a inStalovala sa labora-
térna linka na pripravu roztokov polymérov a vlakien
mokrym postupom (viskdzové vlakna). Uéebny pro-
gram pozostaval zo zakladnych technologickych pred-
metov, ako Technoldgia chemickych vlakien, Vyroba
syntetickych viakien a Textilna technoldgia, ale uzv
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zaciatkoch sa zacali formovat predmety teoretického zakladu
ako napr. Makromolekulova chémia. Simultanne sa zagala na
katedre aj vyskumna Cinnost, ktora bola orientovana na tech-
nicky dolezité derivaty celuldzy, vplyv nizkomolekulovych frak-
cii na zvlakiovanie viskozovych viakien a na zamerné preme-
ny syntetickych vidkien.

Dalsi vyvoj po roku 1960 odrazal vo vtedajsej dobe
vyrazny narast syntetickych vlakien vratane syntézy
polymérov, ako aj SirSie vyuzitie chemickych procesov
v textile v procese farbenia a finalnych Uprav. Vysled-
kom tohto vyvoja boli nové predmety vo vzdelavacom
procese, ako Fyzika polymerov, Procesy pripravy syn-
tetickych vlakien, Zaklady textiinej technolégie a Struk-
tura a vlastnosti viakien. Tieto predmety sa stali zakla-
dom inovovanej koncepcie vyucby so Sir§im
zameranim a inziniersky orientovanou technoldgiou.
V oblasti vedecko-vyskumnej ¢innosti sa rozvijala spo-
lupraca s vyskumnymi ustavmi a priemyselnou sférou.
V tom Case Specializaciu Chemickych vlakien a Textil-
nej chémie koncilo roéne 30 az 40 absolventov. Mno-
hi z nich sa stali veducimi pracovnych a vyskumnych
timov a do dne$nych dni pracuju v manazmentoch pod-
nikov a institutov na Slovensku i v Ceskej republike.

V roku 1965 bola zaloZzena samostatna Katedra vla-
kien a textilu a spolupraca s priemyslom sa stala este
vyznamnejsia. Zacalo sa obdobie zmluvnej spolupra-
ce, ktoru umoznila nova legislativa najméa po r. 1975.
Poslednych 25 rokov sa vychovno-vzdelavaci proces
dalej orientoval na inzinierske aspekty technologickych
procesov v predmetoch Procesy pripravy syntetickych
vlakien zvlakniovanie z taveniny a Chemické vliakna na
baze prirodnych polymérov zvlakhovanie z roztoku.
V tychto disciplinach sa doraz kladol najmé na reolé-
giu nenewtonovskych kvapalin, deformacné a orientac-
né procesy a na zmeny Struktury vlakien v orientova-
nych polymeéroch.

Okrem vychovy absolventov riadneho $tudia, dalSou
délezitou formou Studia bolo postgradualne Stadium
(aSpirantské doktorandské). Toto Studium patrilo k naj-
vy$sej forme vzdelania pre odbor viakna a textil.

Katedra v tomto obdobi bola velmi aktivna aj pri orga-
nizovani doplnkového Studia, kratkodobych a niekoiko
semestrainych odbornych kurzov pre pracovnikov tech-
nického manazmentu vidaknarenského a textilného prie-
myslu. K rozSireniu spoluprace s praxou prispelo tiez
detaSované pracovisko katedry v Trencine.

Pocas 50. rokov vyucby a vyskumu v odbore chemic-
kych vlakien a textilnej chémie na Slovensku boli ude-
lené hodnosti riadnych profesorov (3), DrSc (3), docen-
tov (11), kandidatov vied CSc. — PhD. (70).
Specializaciu Chemickych viakien a Textilnej chémie
absolvovalo vySe 800 Specialistov.

Vedecko-vyskumna praca v obdobi 1975-1990 sa
organizovala v ramci Statneho planu zakiadného vys-
kumu, ktorého jednu z hlavnych uloh koordinovala ka-
tedra. Na oddeleniach Vlakien a Textilu sa rieSili nas-
ledovné Ciastkove ulohy:
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Nové postupy pripravy vlakien
e Vztah Struktury a vlastnosti Specialne vlakna
Fyzikalna modifikacia farbenie viakien v hmote
Fyziologické viastnosti textilii
Modifikacia textilnych materialov
Textilné pomocné prostriedky syntéza a vlastnosti
Farbenie a finalne upravy

Pre uvedené obdobie bola charakteristicka intenziv-
na spolupraca oddeleni Chemickych viakien a Textilnej
chémie s domacimi i zahrani¢nymi institutmi a priemys-
lom. K najdélezitejSim partnerom patrili Vyskumny
ustav chemickych viakien vo Svite a Vyskumny Ustav
textilnej chémie v Ziline. Dalej to bola spolupraca s pod-
nikmi ako Chemlon Humenné, Chemosvit Svit, Tatras-
vit Svit, Istrochem (CHZJD) Bratislava, Slovensky hod-
vab Senica, Merina Trenéin, Maytex Liptovsky Mikulas,
Tatralan Kezmarok, Levitex Levice, VSCHT Pardubi-
ce, VUOS Pardubice, VUGPT Zlin a UP SAV Bratisla-
va. Zo zahraniénych kontaktov je potrebné spomenut
dihoro¢nu spolupracu s Katedrou vliakien Polytechniky
Lodz (Polsko), s Katedrou textilu a lahkého priemyslu
na Moskovskom a Peterburskom Textilnom in3titGte
ako aj s viaknarskym podnikom Magyar Viskosagyar
v Nergasujfalu (Madarsko).

Katedra sa podiefala na organizovani medzinarod-
nych konferencii Fibrichem a Tatranskej konferencie
Vlaknotvorné polyméry a ich spracovanie.

3. Katedra vlakien a textilu na zaciatku
21. storocia

Po roku 1990 doslo k poklesu vlaknarskej ale najma
textilnej vyroby v krajinach strednej a vychodnej Euro-
py. Rozpad byvalého Sovietskeho bloku krajin zdruze-
nych v RVHP, v8eobecny nedostatok investicii spolu so
zakladnymi ekonomickymi a politickymi zmenami silne
ovplyvnil nielen priemyselnu sféru, ale aj cely vysoko-
Skolsky vzdelavaci systém. Na fakulte sa zaviedlo ba-
kalarske a masterské studium a kreditny systém pod-
la vyvoja v eurdpskych demokratickych krajinach. Vo
vedeckovyskumnej €innosti sa akceptoval grantovy
systém. Na Katedre doslo postupne k redukcii pracov-
nikov zo 4045 vr. 1990 na 14 v r. 2001.

Katedra vlakien a textilu je jedinecnym vysokoskol-
skym pracoviskom na Slovensku. PIni nasledovné
ulohy:

— Vychova absolventov pre vlaknarsky a textilny prie-
mysel, vyskumne a Skolské pracoviska, komunalne
sluzby, vo vSeobecnosti pre oblast polymérov, via-
kien a textilu.

— Podiela sa na pedagogickom procese inych vyso-
kych 8kdl a fakult.

— Zabezpecuje (garantuje) doktorandskeé studium v od-
bore , Makromolekulova chémia“ a Skoli doktoran-
dov aj v odbore ,Technolégia makromolekulovych
|&tok".
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— Pravidelne organizuje odborné kurzy pre pracovni-
kov vldknarskych a textilnych spolo¢nosti a podni-
kov (kratkodobé (1 semester) a dihodobé (24 se-
mestre)).

— Podiela sa efektivne na vyskume a vyvoji novych via-
kien a textiinych pomocnych prostriedkov v spolu-
praci s aplikaénymi vyskumnymi Ustavami a priemy-
selnymi podnikmi. M& vyznamnu ulohu pri prenose
vysledkov zakladného vyskumu do technologickej
praxe.

— Poskytuje konzultaénl a poradensku sluzbu, exper-
tizne a oponentské posudky a technicky servis v od-
bore chemické viakna a textilnd chémia. Zuc€astriu-
je sa na certifikatnom procese v ramci SNAS pre
vlakna a textil.

— Podiela sa na vydavani ¢asopisu ,Vlakna a textil”
(Fibres and Textiles) s pévodnymi clankami v anglic-
kom jazyku.

— Rozvija kontakty a spolupracu na univerzitnej tUrov-
ni s vysokoSkolskymi pracoviskami v zahranici. Re-
prezentuje STU v organizacii AUTEX (Association of
Universities for Textiles in Europe) ako asociovany
Clen.

- Clenovia katedry pdsobia vo Vedeckych radach
inych fakult, v redakénych radach vedeckych a od-
bornych Casopisov.

- Podiela sa na organizacii vlaknarskych a textiinych
konferencii, napr.: Central European Conference on
Fibre Grade Polymers, Chemical Fibres and Special
Textiles.

Pedagogicky proces na katedre

Absolvent chemicko-technologickej fakulty STU, Spe-
cializacie technoldgie vlakien a textilnej chémie je od-
bornik -Specialista ovladajuci teoreticky i prakticky pro-
blematiku chémie atechnoldgie polymérov
s orientaciou na vlidknotvorné polyméry, chemicku
technoldgiu vidkien a féliovych materidlov a tiez na fi-
ndlne procesy textilnej chémie a technoldgie. Je spdso-
bily pracovat v technickom manazmente podnikov a in-
Stitucii, dalej ako vyskumny pracovnik vo vedeckych
ustavoch a priemyselnych institdciach, v komunalnych
sluzbach, na univerzitadch a na fakultach..

Sucasny Studijny program zamerania je vysledkom
vyvoja v uplynulych desatrociach, ale najma restruktu-
ralizagnych zmien na CHTF po roku 1991 a $tudijné-
ho programu pre novu katedru vidkien a textilu, ktory
vznikol spojenim Studijnych programov pre chemicku
technoldgiu vidkien a textilnu chémiu a technolégiu. Pri
tvorbe tohto programu sa zobladnovali vietky kvalita-
tivne zmeny v Studijnom programe v 1-3 rocniku, t. j.
v su¢asnom bakalarskom $tidiu, dalej sa v programe
aplikovali poznatky zo §tudijnych programov eurép-
skych a americkych univerzit katedier podobného za-
merania. V neposlednom rade sa zohladnili poziadavky
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praxe a to takym spdsobom, ze po predchadzajucom
anketovom ,Jliste pre veducich pracovnikov podnikov na
Slovensku” sa diskutovalo o Studijnom programe ka-
tedry s tymito pracovnikmi osobne. Na zéklade toho bo-
li zaradené do Studijného programu dve nové discipli-
ny ato ,Textilné inzinierstvo® a ,Technoldgia
polymérnych falii“. Takto pripraveny Studijny program
bol upraveny v r. 1999 po formainej i obsahovej stran-
ke, vzhfadom na zmeny v priemyselnej sfére na Slo-
vensku i v Eurdpe ako aj s ohladom na vyvoj Studijnych
odborov na Chemickotechnologickej fakulte.

V $tudijnom programe pre inzinierske Studium na ka-
tedre sa kladie déraz na rovnovahu disciplin chemic-
kych a fyzikalnochemickych (Makromolekulova che-
mia, Fyzika polymeérov, Koloidné sustavy a fazové
rozhrania, Farbenie a koloristika), dalej procesovo —in-
Zinierskych (Chémia a technolégia viakien, Textilna
chémia a technoldgia, Technoldgia polymérnych féli,
Modelovanie a riadenie procesov v polyméroch) a na-
koniec materialovo inzinierskych (Zaklady textilného in-
Zinierstva, Technické textilie, Modelovanie a simulacia
procesov v polyméroch).

Samostatnu skupinu tvoria predmety spojené s me-
tédami hodnotenia Struktury vlakien a vlaknitych mate-
rialov, SkuSobnictvo a certifikacia, ako aj Fyzioldgia
a komfort odievania. Absolvent Specializacie takto dos-
tava kombinaciu disciplin od polymeérov cez vlakna po
textiiné materidly a ich funkcie v odevnych a technic-
kych aplikaciach.

Technické textilie a inteligentné textilie (smart texti-
les) a informaéné technolégie sa povazuju za dominu-
juce oblasti vo vyskume a vyvoiji textilu pre najblizsie
obdobie vo vyspelych krajinach sveta i Eurdpy, zatial
¢o masova vldknarska i textilna vyroba zacina domino-
vat v krajinach tretieho sveta. V tomto zmysle je potreb-
né upravit v budicnosti obsahovu stranku niektorych
predmetov.

Katedra sa aktivne podiela tiez na bakalarskom $tu-
diu a to prednaskami z Makromolekulovej chémie ! (ga-
rant prednaSok Katedra plastov a kauuku) a spolup-
redndsa a garantuje predmety Technologia materialov
a Kozmetika a bytova chémia. Podiela sa na vedeni se-
mestralnych projektov bakalarskeho $tudia, diplomo-
vych prac v inzinierskom $tidiu a na Statnych skuskach
bakalarskeho i inzinierskeho Studia.

Skrateny prehlad predmetov bakalarskeho Studia:
Spoloény zaklad pre chemickotechnologicky a potravinarsko-
biochemicky odbor, 1-3 roc¢nik:

Matematika I., II., Il Ekonémia

Zéaklady informatiky Zaklady environmentainej filozotfie

Fyzika l., II. Z3aklady prava

Anorganicka chémia I., Il Zaklady manazmentu chem. a potr.
podnikov

Technoldgia Zivotného prostredia
Zaklady automatizacie
Technicka anglictina

Bioldgia

Telesna vychova

Organicka chémia l., II.
Fyzikalna chémia l., Il.
Analyticka chémia l., Il
Materialové bilancie
Chemické inZinierstvo I, Il.
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Tab. 1 Predmety Specializacie chemickej technolégie vldkien a textilu

Predmet

Semester
5 6 7 8 9

PV Kredity

B Makromolekulova Chémia
Technologia materialov
Bakalarsky projekt

B Fyzika polymérov a papiera
Koloidné sUstavy a fazové rozhrania
a) Makromolekulova chémia
b) Prirodné polyméry

C Chémia technoldgia vlakien
Lab. cvi¢. z chémie a techn. vldkien
a) Specialne a modifikované viakna
b) Struktura a viastnosti viakien
c) Modelovanie a simulécie technologickych procesov

B Kapitalovy trh a podn. financie

Modelovanie a riadenie procesov sprac. polymérov
C Zaklady textilného inZinierstva

Technické textilie

Farbiva a textilné pomocné prostriedky

Lab. cvi€. z text. inzinierstva

a) Spec. chem. Upravy textilii

b) Fyziolégia a komfort odievania

B ZneSkodiovanie a zuzitkovanie odpadov
C Textilna chémia a technoldgia
Technoldgia polymérnych félii
Textilné skuSobnictvo a certifikacia
Lab. cvi¢. z text. chémie a technoldgie

2/0/0
2/0/0
0/0/4

2/2/0
2/1/0
2/1/0
2/1/0
2/2/0
0/0/8
0/2/0
1/1/0
1/1/0
2/0/0
2/2/0
2/0/0
2/0/0
2/0/0
0/0/8
0/2/0
0/2/0
2/0/0
2/2/0
2/0/0
2/0/0
0/0/10

VUV UK K<<K<TVTUVUVTV VU K<K<<K<TVTIUIK<K<TTUT TUVDO
OBDRANND MNNVNUORAWOADIW RPN OOOOAD AN

10. semester (letny)

Diplomova praca  0/0/27

P — povinny predmet
V - volitelny predmet

Predmety pre chemickotechnologicky odbor:

VSeobecnd a anorganicka technolégia, Organicka
technoldgia a petrochemia, Makromolekulova chémia,
Technoldgia materidlov, Energetika, Metddy pocitaco-
vého spracovania dat, Volitelné predmety.

Predmety pre potravinarsko-biochemicky odbor:

Mikrobiolégia I., Biochémia |., Chémia potravin, Za-
klady potravinarskej technolégie, Zaklady biochemic-
kej technologie, Zaklady vyzivy, Analyza potravin, Vo-
litelné predmety. 5

Na tieto nadvéazuju predmety Specializacii. Studijny
program Specializacie chemickej technologie viakien
a textilu je v tab. 1.

5. Vedeckovyskumna c¢innost katedry

Vedeckovyskumna ¢innost katedry v su¢asnom ob-
dobi sa realizuje v ramci dvoch projektov VEGA (Na-
rodnej Grantovej Agentury)

1) VEGA B 99 27/99 Vlaknotvorné zmesi polypropylé-
nu s polarnymi polymermi

2) VEGA 1/81 06/01 Disperzie organickych pigmentov
v syntetickych polyméroch s ¢asticami blizkymi na-
no-Casticiam.

Tieto projekty umozriuju pokracovat v tradicnej vys-
kumnej praci na katedre, ktora je orientovana v stucas-
nom obdobi do nasledovnych uloh:
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* Vlakna na baze polymeérovych zmesi

e Nanokompozitné chemické viakna

e Nové technoldgie pri pigmentacii vliakien

e Antibakteridine chemicke vlakna

e Enzymi a bioprocesy vo finalnych Gpravach

e Spracovanie polymérov pri priprave viakien

Katedra je relativne dobre vybavena laboratornymi
zariadeniami — linkami pre zvlakfovanie z taveniny (ex-
tradery ¢ 16 a 32 mm), Rheometer Gétifert, Plastomet-
re, Rotacné viskozimetre, Termomechanicka analyza
TMA 50, INSTRON 1112, WOLPERT, Uster pre me-
chanicko-fyzikalne vlastnosti, Alambeta pre termofyzi-
kalne viastnosti textilii, SALS (morfolégia), DSC 7 (Per-
kin EImer), PRETEMA, AHIBA (farbenie), Kolorimeter,
Polystat PS-1 (antistatické viastnosti) atd’.

Vysledky vyskumu su publikované v medzinarod-
nych a domacich vedeckych ¢asopisoch, v odbornych
Casopisoch, na medzinarodnych konferenciach doma
i v zahranici (Dornbirn, Gent, Mainz, Eindhoven, Libe-
rec, Lodz, atd'). Cast vyskumnej kapacity je venovana
spolupraci s partnermi z priemyslu (VUCHV Svit, VUT-
CH CHEMITEX Zilina, NYLSTAR a. s., RHODIA a. s.
Humenné, CHEMOSVIT Svit). V poslednych $tyroch
rokoch boli na katedre Uuspesne vyrieSené Antibakterial-
ne viskozove viakna pre Spolanu Neratovice (CZ), No-
vé PET koncentraty pre VUCHV Svit a Antibakterialne
PP viakna pre ISTROCHEM a. s. Bratislava. Publikac-
na aktivita katedry je uvedena v tab. 2.
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Tab. 2 Publikacna aktivita katedry za roky 1998-2000

Aktivity 1998 1999 2000
1. Publikacie v zahranici 7 7 7
2. Publikacie doma 6 6 5
3. Prednasky a postery 21 21 23
4. Zborniky 19 19 22
5. Spravy (ZoD) 4 2 -
6. Kurzy 1 - 1
7. Projekty GAV (granty) 1 1 1

6. Medzinarodna spolupraca

Katedra je asociovanym ¢lenom AUTEX-u (Associa-
tion of Universities for Textiles), organizacie Univerzit
s vyucbou textilu ae1kien. Aktivity tejto organizacie, ako
su pravidelne roéné stretnutia veducich pracovnikov,
poskytuju dobré moznosti profesionalnych kontaktov
a davaju prehlad o vyvoji Eurépskeho Univerzitného
vzdelavania v odbore textil viakna. Su prilezitostou na
osobné kontakty a vymenu informdcii tykajucich sa Stu-
dijnych programov, pripravy projektov, novych koncep-
cii Studia a prezentovanie vysledkov.

V ramci projektu E-TEAM (AUTEX) sa organizuje
Spickové vzdelavanie expertov pre Textilné odbory.

Katedra sa podiela na projekte CEEPUS, v ramci kto-
rého sa uz Styri roky uskutocriuje mobility posluchacov
$pecialistov medzi u¢astnikmi projektu. V poslednom
obdobi sa pre zahrani¢né kratkodobé staze doktoran-
dov vyuziva tiez projekt SOCRATES/ERASMUS.

V spolupréci s Institute of Chemical Fibres v Lodzi
(Pol'sko) katedra organizovala cykly Polsko Sloven-
skych seminérov, ktoré sa v poslednom obdobi tran-
sformovali do medzinarodnej ,Stredoeurdpskej konfe-
rencie o vlaknotvornych polyméroch, chemickych
vlaknach a Specidlnych textiliach*.
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Pracovnici katedry su aktivnymi ¢lenmi redakénych
rad niekolkych renomovanych ¢asopisov ako aj vedec-
kej rady Univerzity. Odborné kontakty sa realizuju naj-
ma s Technickou Univerzitou Liberec (CZ), Institutom
chemickych vlakien Lodz (Polsko), Univerzitou Gent
(B), Univerzitou Maribor (SLO), Instititom Makromole-
kulovej Chémie, Albert-Ludwigs University Freiburg (G)
a Ustavom polymérov, VSCHT Praha (CZ).

7. Na zaver

Perspektivne moznosti textilného i viaknarského
priemyslu v krajindch EU sa ukazuju v orientacii na vy-
sokouzitkové vyrobky pre odevnictvo a na priemysel-
né vldkna a textilné materialy. Len tak sa vytvaraju
podmienky pre konkurencnu schopnost produkcie
i v tejto oblasti. Tento rozvoj sa samozrejme nemdze
uskuto€nit bez vysokokvalifikovanych Specialistov.
Podobna situacia sa oCakava aj v asociovanych Sta-
toch EU.

Tieto zmeny sa nevyhnutne odrazaju aj vo vychove
a vzdelavani. V su¢asnej dobe prebieha na tuto tému
intenzivna diskusia v ramci AUTEX-u, napr. aj 1. Autex
konferencia o vzdelavani a o vyskum v odbore Textil
s podnazvom ,Stratégie pre nové milénium®, ktora sa
kona v juni 2001 v Portugalsku bude venovana novym
aspektom a orientacii univerzitného vzdelavania v od-
bore. Bude nevyhnutné vSetky pozitivhe vysledky toh-
to vyvoja implikovat do $tudijného programu katedry.
Katedra vlakien a textilu ma v tomto smere dobré od-
borné zazemie a tiez predpoklady byt perspektivnym
vychovno-vzdelavacim i vyskumnym pracoviskom pre
chemicku technoldgiu viakien a textiind chémiu na Slo-
vensku i v nasledujucich desatrociach.

Vidkna a textil 8 (2) 67-76 (2001)



HISTORIA ROZVOJA CHEMICKYCH VLAKIEN VO SVETE
A NA SLOVENSKU

Jambrich, M.*, Budzak, D.**, Marcingin, A.***, Revus, M.*,

* Slovenska spolocnost priemyseinej chémie Bratislava

** Vyskumny astav chemickych vidkien, a.s. Svit

* Chemickotechnologicka fakulta STU Bratislava

Prispevok je zamerany na rozvoj vlakien vo svete a na Slovensku a vplyv 50 roénej éinnosti
Vyskumného Ustavu chemickych viakien vo Svite a katedry vidkien CHTF STU na rozvoj chemic-

kych vlakien.

The contribution is aimed at the development of fibres in the world and Slovakia, and at influen-
ce of 50-years-long activity both of the Research Institute for Chemical Fibres and Fibres Depart-
ment of CHTF STU which they have had in the development of chemical fibres.

1. UvoD

Medzi zakladné spolo&enské a osobné potreby ludi
patria potraviny, oSatenie a byvanie. Poziadavky na
oSatenie a byvanie su bezprostredne spojené s potre-
bou ochrany ludi od rozmarov prirody — pocasia (chla-
du), ale aj osobnostnych prejavov a druhu odevu
a modnych prvkov. SirSie ponimanie spoloéenskej
a pracovnej ¢innosti zvySuje naroky i na viastnosti vy-
robkov tohoto odboru. Tuto funkciu v najsirSom slova
zmysle plnia vldkna a vlaknité materialy — textilne
a technické textilie.

Vyznam hodnotenia histdrie rozvoja chemickych via-
kien na Slovensku treba vidiet v tom, Zze ndm mdze
ukazat nieCo zive, ¢o nas obohacuje a posilfiuje v pri-
tomnom &ase a umoznuje nam pohlad do budicnosti.
Musi nam ist o to, aby sme udrzali, obohatili a rozvinuli
to zivé, tie dobré vysledky a skusenosti, ktoré sme
doteraz ziskali.

2.0 HISTORIA ROZVOJA VLAKIEN

2.1 Prirodné vilakna

Dejiny vyvoja vidkien st rovnako staré ako dejiny ci-
vilizacie ludstva. Za obdobie asi 7000 rokov pouziva-
nia textilnych viakien boli az do konca 19. storo¢ia po-
uzivane iba lan, vina, bavina, juta, konope a prirodny
hodvab [1].

Archeologické nalezy poukazuju, ze uz v mladsej do-
be kamennej boli pouzivané traviny na pripravu tkanin.

Vina patri medzi najstarSie typy vlakien. Zaciatky
pouzivania viny na latky maju najmenej 7000 roénu tra-
diciu. VInené vyrobky boli v Babylone uz viac ako 1000
rokov pr. Kr. predmetom vyroby z obchodu. V Malej
Azii bol chov oviec velmi rozsireny, nakma v obdobi
okolo 8.-7. storodia pr. Kr. Vina bola v Egypte, Gréc-
ku a v Rime velmi oblibena a vinené oblecenie v tomto
obdobi znamenalo vysoké spologenské postavenie.
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Chov oviec sa rozsiroval z Grécka cez Rim do Spaniel-
ska a to najméa Merina. V r. 1788 bolo prevezené do
Australie 29 kusov oviec Merina, ktoré sa rozmnozili na
dnesny stav okolo 175 mil. kusov a zasobuju vinou pol
sveta.

Z lanu uz pred 5000 rokmi boli v Mezopotamii prip-
ravované jemné tkaniny a tiez v Egypte (nalezy v hrob-
kach faradnov). V strednej Eurépe bol Ian viac tisicro-
¢i jedind kulturna rastlina, ktora az koncom 18.storocia
bola postupne nahradzovana lacnejSou bavinou.
V mlad3ej dobe kamennej (3000-1800 r. pr.Kr.) sa la-
nové vlakno a vyrobky z neho pouzivali aj na kolovych
stavbach.

Bavlna sa pestovala v Indii uz pred 5000 rokmi a po-
uzivala sa na pripravu muselinovych a kartunovych tex-
tilii. V Amerike bola bavina znama a pouzivana skor
ako v Eurdpe. V 19. storodi bola Amerika hlavnym do-
davatelom baviny do celého sveta, najma po zavede-
ni zariadenia na odsemenovanie. Az v 13. storoéi do-
niesli bavinu do Nérska cez Arabiu, Spanielsko
a Siciliu.

Juta ma svoju histériu pestovania a pouzivania uz
v obdobi pestovania baviny v Indii. Do Eurdpy sa do-
stala az v polovici 19. storocia.

Konope sa dostalo do Eurdpy uZ v 5. storoCi pr.Kr.
z Centralnej Azie, avSak sa nepouzivalo na textilie tak,
ako vo vychodnej Azii v domovine Ramie. Ramia sa
spracovava v zmesi s bavinou, ale aj s chemickymi
vlaknami na jemné tkaniny.

Hodvab pravy patri k najstar§sim typom viakien na lat-
ky. Je produktom husenice MoruSe hodvabnej a jej
pestovanie v Cine datuje sa min. 3000 r. pr.Kr.. DIha
dobu sa priprava hodvabu utajovala (dar Bohov), pre-
toze vyrobky z pravého hodvabu sluzili Cine ako pla-
tidlo. Vyrobky z hodvabu sa nasli vo vykopavkach zo
Sang — Dynastie (18001000 r. pr. Kr.). Z Ciny sa prip-
rava hodvabu preniesla do Buchary a Indie. Z Ciny do-
niesli vajicko husenice Moruse hodvabnej v bambuso-
vej palici Byzantski mnisi r. 552. Priprava pravého
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hodvabu v Europe sa zacala v Taliansku az v 14. sto-
roéi. Jeho vyroba bola v 19. storo€i i na Zapadnom Slo-
vensku.

2.2 Predhistoria chemickych vlakien

Hoci usilie ziskavat vlakna z inych zdrojov ako prirod-
nych je relativne velmi staré, jeho prva pisomna formu-
lacia sa datuje uz z r. 1665. Hooke Robert v tom &ase
vyjadril myslienku vyrabat vlakno zo Zelatinovej suro-
viny.

Franciz R.A.F. Réaumur v r. 1713 oznamil moznost
pripravy jemného viakna z taveniny skla. Priprave viak-
na zo skla venovali pozornost i dalsi pracovnici a to
J.Dubet (1770).

L.Schwabe v Manchestri (1842) prvy pouzit pri zvlak-
fiovani hubicu a pripravil jemné vldkna a z nich tkaninu.

Edison v r.1883 karbonizoval bambusové vlakno na
uhlikove vidkno. Francliz A.Payen izoloval celulozu
z dreva r.1839 a dal jej dneSné meno. V roku 1840 J.
Mercier napuciaval celulézu v roztoku lthu sodného.
Hanock W. skusal uz vr. 1820 surovy kaucuk
a Goodyear v r.1839 ju vulkanizoval do tenkych foriem,
neskorSie to bol zaklad pre elastomerné vidkna.

Chr. F. Schénbein (1845 Basel) pripravil nitrat celu-
[6zy ako strelnu bavinu a pozdejsie i jej roztok v alko-
holéterovej zmesi, z ktorej pozdejsie grof Chardonnet
pripravil nitratovy hodvab.

George Ph. Audemars v r.1855 pripravil z lyka mo-
ruSe nitrat celulézy a z jej roztoku v zmesi alkohol-éter
vlakno. Postup sa neujal.

Schweizer Ed. v Zurichu r.1857 rozpustil celulézu
v amoniakovom oxide medi (Schweizerovo &inidlo), ¢im
vytvoril zaklad neskorSieho postupu Fremeryho
a Urbana na pripravu vlakien.

Schitzenberger a Naudin pripravili vo Franctzsku
v r. 1865 acetat celuldzy, surovinu pre pozdejsiu vyro-
bu vlakien. Postup pripravy acetatu celulézy zdokonalil
G.W.Miles (1894-1911) a Dreyfus po 35 rokoch zacal
vyrabat z daného derivatu celulézy laky a filmy.
Vr. 1921 v USA bola za¢ata vyroba viakna.

Angli¢an B.C.Tilghman ohlasil v r.1866 patent na zis-
kanie celulézy z dreva pomocou kyseliny siricitej.
Ekman C.D. zaloZil vo Svédsku v r. 1874 tovérefi na vy-
robu celulézy sulfitovym spdsobom. Pracoval s bisul-
fitom horcika.

Tilghmanov postup pripravy celulézy rozpracovali do
priemyselného postupu roku 1875 nemecki chemici A.
Mitscherlich, Kellner K. a Ritter E. a zalozili v Podgore
v78 pri Gorzu fabriku na vyrobu sulfitovej celulézy.

Grof H. Chardonnet zacina v Besancone v r.1878-79
s pokusmi pripravy nitratového hodvabu.

Anglicky chemik a fyzik Sir W. Cross v r.1881 pripravil
vlakno pre Ziarovky z Cu-oxamového roztoku celulézy.

Sir J. W. Schwan v r. 1883 ziskal patent na pripravu
vlakna pre ziarovky z nitrocelulézového roztoku v ky-
seline octovej.
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Grog Hilaire Chardonnet popisal a predviedol
v r.1884 na Akadémii v Parizi pripravu umelého hodva-
bu z nitrocelulézového roztoku, ktoru si nechal paten-
tovat vo Francuzsku (Fr. p. 165 349) a v Nemecku
(D. p. 38368).

V r.1889 postavil vyrobu v Parizi na umely hodvab
a zalozil sikromnu spolo¢nost Schardonnet.

Lehner F. z Augsburgu pripravil v r.1890 nitrocelulé-
zové vlakno mokrym zvlakiovanim a dizenim.

Francuzsky chemik C. Moure v r. 1893 polymerizo-
val akrylonitril.

2.3. Chemické viakna v obdobi ich priemyseiné-
ho rozvoja

Koncom 19. a pociatkom 20. storo€ia sa zacina prie-
myselna vyroba chemickych vidkien z regenerovanych
prirodnych polymérov a tesne pred druhou svetovou
vojnou sa objavuju prve, priemyselne vyrabané synte-
tické vlakna v prirode sa nenachadzajlice, chemicke
vlakna st teda legitimnym dietatom 20. storogia. [1,2]

V roku 1891 bola prva priemyselna vyroba umelého
hodvabu realizovana nitratovym spdsobom grofom
Chardonnetom v Besacone s vyrobou cca 110 kg/den.

Charles Frederick Croos, Edward John Bevan
a Clayton Bead| pripravili v r.1892 roztok xantogenatu
celulézy — viskozu. Cross a Bevan zalozili v Londyne
r. 1894 firmu Viscose Syndicate Ltd.. Na tento novy po-
stup pripravy roztoku celulézy—viskozy ziskal licenciu
pre centralnu Eurdpu, najma pre Sliezsky velkopriemy-
sel Henkel z Donnersmarcku a v r. 1901 vybudoval vis-
koézovu fabriku v Sydoxane pri Stetine, ktord v r. 1911
odkupila fa Glanzstoff a uviedla ju do prevadzky po
Upravach v r. 1916.

Fremery M. a Urban J. v r.1982 zacinaju v Oberbru-
chu vyrobu hodvabu z mednato-amoniakalneho rozto-
ku celulézy na pripravu C-vlakna pre Ziarovky.

V'r. 1984 F. Lehner zaklada vyrobu na nitratovy hod-
vab v Glattburgu vo Svajciarsku.

Stern Ch. H. ziskal v r. 1898 patent na zvlaknhovanie
viskoézy do roztoku amoniakalnych soli, najma v chlo-
ride amonnom.

Chardonnet a Lehner v r. 1900 zalozili akciovu spo-
lo€nost na umelé vldkno nitratovym postupom so sid-
lom vo Frankfurte n/Mohanom a fabriku v Kelsterba-
chu, Bobingen Glattburg a Spreitenbachu.

Bemberg J.P. AG Barmen zacina v r. 1900 pripravu
umelého hodvabu z mednatoamoniakalneho roztoku
celulozy. Do splocnosti vstupuje aj E. Thiele, kde do-
pracoval svoj spdsob zvlaknovania a dizenia v lieviku
mednatoamoniakalneho hodvabu, ktory siv r. 1901 pa-
tentoval. Této firma zaviedla tento spésob vyroby hod-
vabu vr. 1904.

Stern a Tophan vybudovali v r. 1901 poloprevadzku
v Kentel (Anglicko) na vyrobu nitratového hodvabu
a zaroven si Tophan nechal patentovat zvlaknovacie
cerpadlo.
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Henkel First z Donnersmarcku zaklada v r.1903 vy-
robu umelého hodvabu a acetatovy zavod v Sydowsa-
ne pri Stetine.

Vo Francuzsku fa Societe Francaise v r.1903 zakla-
da vyrobu viskézoveého hodvabu.

V r.1904 zaklada fa Samuel Courtaulds Co. Ltd.
v Anglicku vyrobu viskdzovych viékien.

Lekarnik Todtenhaupt F. za¢al v r.1904 vyrobu viak-
na z mlietneho kaseinu. Tuto vyrobu zaviedla v 30-tych
rokoch v Taliansku fa SNIA pomocou Anténia Feretti-
ho pod menom ,Merinova®. V Holandsku bola zavede-
na vyroba kaseinového vlakna ,Enkasa“. V USA za-
viedli vyrobu proteinového vlakna zo zeinu avo
V. Britanii z proteinu burského orieska (Erdnuss).

Firma Farbenfabriken F. Bayer Co. v Eberfelde, dnes-
na fa Bayer AG ohlasila vynalez Arthura E. Eichengriina
na pripravu acetatového hodvabu postupom priamej ace-
tylacie celulozy a suchého zviakriovania. Trvalo vSak vel-
mi dlho pokial' tito vyrobu zaviedli firmy IG Farbenindus-
trie a Glanzstoff v r. 1926 v Berline.

Max Mdller v Sydowsane v r.1305 dopracoval proces
zvlakifovania viskozy do kupela Na,SO,. Boos E. fa.
Glanzstoff ohlasil vynalez v r.1906 na kontinuélnu prip-
ravu umelého hodvabu a v r.1909 zalozili spolo¢nost
Glanzfaden AG a zalozenie fabriky v Petersdorfe.

V r. 1910 Hottenroth zaviedol metédu hodnotenia
zrelosti viskozy, délezitej veliCiny pred zviaknovanim.

Francuzski vyrobcovia hodvabu mednato-amoniakal-
nym a viskdzovym spdsobom uzavreli v r. 1910 doho-
du o trvalej dodavke vlakien textilného priemyslu.

Vr. 1911 bola zalozena fabrika Enka v Arnheime
(Holandsko) na vyrobu umelého hodvébu.

Na prvé syntetické viakno z PVC ziskal patent Fritz
Klatte v r. 1913 z chemickej fabriky Griesheim-Elektron.

V r. 1918 bola zalozena fabrika Spinnfasern AG v EI-
sterbergu.

V r. 1919 sa uskuto¢nilo zaloZenie vyroby viskdzové-
ho hodvabu v SH Senica.

V 1.1920 bola zavedena vyroba jemnych vlakien
Bembergovym spésobom na ddmske pancuchy
a modne oblecenie.

KoéIn-Rottweil AG zaviedla v r. 1921 v Permnitz (Ne-
mecko) vyrobu viskézovej strize s oznacenim ,Vistra“.

Firma Agfa vo Wolfen v r. 1921 zaviedla vyrobu vis-
kézového hodvabu. Glanzstoff AG s rakuskou AG
Glanzstoff zaklada v r. 1921 s ¢eskym priemyslom Ces-
ku Glanzstoff fabriku systému Eberfeld a krajovu ban-
ku so sidlom v Prahe a fabriku v Lovosiciach.

Firma Glanzstoff AG zriaduje v r. 1921 Vyskumny
ustav v Teltow-Seehof pri Berline. Prvym veducim to-
hoto tstavu bol Prof. Dr. Bronerton.

V r. 1922 fa Bemberg postavila zavod na vyrobu hod-
vabu v Barmen-Oehde.

V r. 1923 zaklada firma AG Spinnstoffwerk Glachau
,Borvisk” firmu Kunstseiden AG Herzberg.

Georg V. Gieschés Erben zalozil v r. 1923 fabriku Ca-
vallen pri Breslave na vyrobu umelého vlékna.

Vidkna a textil 8 (2) 77-89 (2001)

V r. 1924 bola zalozena spoloCnost a fabrika na vy-
robu zariadenia pre vlakna Maschinenfabrik AG
a v r. 1925 bola uvedena do prevadzky v Reimscheide-
Lennep.

Vr. 1925 Prof. Dr. H. Staudinger svojimi pracami
o makromolekulach dava zaklad tedrie v tejto oblasti.
Pripravil polyoximetylén polykondenzéaciou formaldehy-
du. HIbsim Studiom prisiel k zaveru, Ze pre tvorbu viak-
nitého Utvaru je potrebny linearny polymérny retazec.

V r. 1925 vznikla spolo¢na firma Glanzstoff-Courtauld
GmbH v Koline na vyrobu viskézového hodvabu. V tom
istom roku firmy Glanzstoff a Bemberg zakladaju ame-
rickd firmu Bemberg Corporation New York so zavo-
dom v Johnson City/ Tenn.

IG Farbenindustrie AG zaklada vyrobu v r. 1925 Kun-
stseidenfabriken vo Wolfen, Premnitz, Bobingene, Rot-
tweile a Worringene.

V r. 1926 Lilienfeld Leon z Viedne ohlasil vynélez na
postup pripravy vysokopevného viskdzoveho viakna
zvlaknovanim nezrelej viskozy a vysokym stupriom
dizenia v koncentrovanej kyseline sirove;j.

V r. 1926 fa Celta AG zaviedla vyrobu dutého viakna.

V r. 1927 americka firma Glanzstoff Corp. zaklada spo-
lonost North American Rayon Corp. na vyrobu vidkien.

V r. 1928 uvadza prace Wallace H. Carothers
(Du Pont de Nemours) v USA o polykondenzécii a tvor-
be organickych substancii s kruhovou Strukturou.

V r. 1934 zavedenim dodatoCnej chloracie PVC sa
vytvorili podmienky na vyrobu PVC vidkien v IG Farben
Wolfen.

Vr. 1935 W.H.Carothers pripravil polyamid 66 poly-
kondenzaciou hexametyléndiaminu a kyseliny adipo-
vej, z ktorého po vyzvlakneni a diZeni sa ziskalo viak-
no o dobrych pevnostiach ainych textilnych
vlastnostiach.

V r. 1936 bola zavedena vyroba viskézového hodva-
bu v Lovosiciach.

Vr. 1937 O. Bayer so spolupracovnikmi pripravili
v Leverkusene polyuretan a polyamid, z ktorého poz-
dejSie vyrabali monofily-vlasce.

V r. 1938 Paul Schlack u firmy IG Farbenindustrie AG
pokracoval v pracach Carothersa, ale v protiklade k je-
ho vysledkom sa mu podarilo spolymerizovat kaprolak-
tam na polyamid 6 a pripravit vidkno o dobrych vias-
tnostiach, ktoré nazvali ,,Perlon®.

V r. 1939 firma Du Pont postavila v Seaforde (USA)
overovaciu linku na polyamid 66 a nazvala ho ,Nylon®,
ktoré bolo vystavované v San Francisku a uz v r. 1940
dodavala Nylon na trh.

V'r. 1939 fa IG Farbenindustrie AG zaviedla vyrobu
Perlonu (PA6) v Berline—Lichtenbergu. V désledku voj-
ny velkovyrobu Perlonu zaviedli az v 50 rokoch. V tom
istom roku si vymenili patenty fy IG Farbenindustrie
a Du Pont na vyrobu Perlonu a Nylonu.

O. Bayer a Kurz v Leverkusene vypracovali v r. 1939
postup na pripravu akrylonitrilu z acetylénu, surovinu
pre PAN vldkna.
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Vr. 1936 bola zavedena vyroba visk6zového hodva-
bu vo Svite.

Vr. 1941 Whinfield J.R. a Dickson T. z Calico Prin-
ter Ass Ltd. v Manchestri ohlasili vynalez na pripravu
polyesteru polykondenzaciou kyseliny tereftalove;j
a etylénglykolu. Vyrobu polyméru a vlakien zaviedla fa
ICl az po vojne pod ndzvom ,Terylen”.

Vr. 1942 bola zavedena vyroba viskdzovej strize
v Bratislave firmou Dynamit Nobel pod oznagenim ,Vis-
tra“.

V r. 1947 sa zacala vyroba visk6zovej strize v Nera-
toviciach.

Po roku 1941 bola venovana pozornost priprave PA6
z kaprolaktamu i v laboratériach formy Bata v Zline a to
v nadvéznosti na prace P. Schlacka, v ramci dobrych
kontaktov s jeho laboratériami. Tieto prace dali zaklad
pre pozdejSiu vyrobu PA6 odvabu Silon a tiez PA6 stri-
Ze.

V 30-tych rokoch pripravil H. Rein v IG - zavod Wol-
fen polyakrylonitril s linearnym retazcom, ale az
v r. 1942 sa podarilo najst vhodné rozpustadlio polymé-
ru a to DMF. Vyroba vlakna bola zavedena v r.1952 fir-
mou Cassella Farwerke Mainkur vo Frankfurte n/M.

V r. 1953 fa Bayer v Dormagene a Bobingene za-
viedla vyrobu PAN hodvabu ,Perlon“ a tiez striz ,Dra-
lon“vr. 1954,

V r. 1944 firma Du Pont podala patent na pripravu
PAN vlakien, ktoré dala na trh v r.1946 pod oznacenim
,Orlon®.

Vr. 1946 fa Du Pont zavadza vyrobu polyesterov
s oznacenim ,Dacron”.

V r. 1950 visk6zovy hodvab sa zacal oznacovat ako
»Rayon* podla anglicko-franctizskeho pomenovania.

Vr. 1951 sa zacina vyroba viskdézového hodvabu
v Bratislave u firmy Dynamit Nobel (Zavod Mieru).

Vr. 1952 bola zavedena vyroba PA6 hodvabu v Si-
lone Pland nad Luznici pod oznacenim ,Silon“ na pod-
kladoch vyskumu zo Zlina.

Vr. 1954 ohlasil Giulio Natta svoj vynalez na pripra-
vu stereoregularneho polypropylénu na zaklade ste-
reoSpecifickej polymerizacie pomocou Ziegler-Natto-
vych katalyzatorov. V rovnakom obdobi sa ukoncovali
prace i u americkych firiem. Prvé vyroby PP vlakien boli
ohlasené uz v r. 1958.

V r. 1955 zagala vyrobu PET vidkien fa Hoechst v Bo-
bingene pod oznacenim ,Trevira“.

V r. 1959 bola zavedena vyroba PA6 vidkna v Chem-
lone Humenné pod oznacenim ,Kapron“ a v Rudniku
vyroba vysokopevnych viskézovych kordov na podkla-
doch vyskumu VUCHYV Svit.

V r. 1958 zaviedli pokusnu vyrobu vysokotepelne
odoinych a vysokopevnych vidkien v byvalom ZSSR na
podkladoch Kudrjavceva a jeho kolektivu pod oznace-
nim Fenilon, Sulfon T, SVM z aromatickych polymérov
(aramidy).

Vr. 1959 fa Du Pont zaviedla vyrobu elastickych vla-
kien ,Fiber k“ a v r. 1962 pod oznacéenim ,Lycra“.
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V'r. 1960 bol pripraveny vysokomolekulovy polyety-
Ién na podkladoch patentu Jurgeleitovho z r. 1956, roz-
pustny v parafinovom oleji, ktory tvoril zaklad pre vyro-
bu vysokopevnych vidkien Dyneema a Spektra.

V r. 1960 u firmy Du Pont pripravili aramidové viak-
no. Vr. 1962 ho vyrabali pod ozna¢enim ,Nomex"“.

Vyvoj vlakien na baze aromatickych polymérov sa
rychle rozvijal najmé po r. 1970 po objaveni kvapalno—
krystalického stavu u niektorych polymérnych systé-
mov. Dnes pozname tieto viakna pod oznacenim Kev-
lar, Twaron, Technora, SVM a iné.

Velka pozornost sa venovala i rozvoju vyroby uhliko-
vych viakien. V r. 1883 Edison pripravil C-vlakno kar-
bonizaciou vlakna z bambusu a pozdejSie z nitratové-
ho vlakna. V r. 1950 Wright Patterson u firmy Union
Carbide pripravil vysokopevné a tepelne odoiné C-vlak-
no. Vr. 1963 L. N. Philips oznamil vyrobu C-vldkna
z PAN vldkien a oznagil ho ako ,¢ierny Orlon®. Tento
spdsob vyroby je rozvinuty v USA, Japonsku, Rusku
a v Daldich $tatoch Eurépy. Uhlikové viakna sa dnes
vyrabaju z celul6zovych a PAN viakien a tiez z pyrolyz-
nych olejov.

V tomto obdobi sa venuje velka pozornost vo vysku-
me a vyvoji novych technologii pripravy viakien pre na-
rocné oblasti aplikacie ako su napr vidkna:
vysokopevné a vysokomodulové
odolné vocéi vysokym teplotam a termicky stabilné
chemicky odolné voci rozpustadlam
nizkej vahy
svetlovodivé
elektricky vodivé
bakteriocidné
svetlostabilné
vhodné pre EKO systémy
vladkna pre nové generacie péromérov
bio vlakna z mikrobialnych polymeérov
vlakna pre kompozitné konstrukéné a stavebné ma-

teridly

vlékna pre medicinu

vlékna pre ochranu voci radiacii

vldkna pre zvukovu a tepelnu izolaciu

iné.

Uz v 70-tych rokoch bola upriamena pozornost
v technickom rozvoji na pripravu jemnych vlakien
a mikrovlakien a to jednak pre zlepSenie parametrov fy-
ziolégie odievania textilii a tiez pre ich médnost a luxus-
nost. Rovnako mikrovlakna su vhodné i pre technické
aplikacie ako su filtracné materialy, textilie pre klimati-
zaciu, syntetické papiere, semis, syntetickl kozu a iné.

Rozvoj chemickych vlakien v 20. storoéi, najma po
r. 1950 bol tak velky, Zze dnes ich spotreba vo vSetkych
oblastiach aplikacie, t.. v textilnych, bytovych a technic-
kych vlaknitych vyrobkoch predstavuje 61 % spotreby
vetkych druhov vlakien [1,2] (tab. 1.). Za poslednych
10 rokov velky narast vyroby bol PES a PP vlakien
(obr. 1) [3,4]. Najvacsi rozvoj zakiadnych typov chemic-
kych vldkien za poslednych 20. r. je uskutocfiovany
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Tab. 1 Vyvoj vyroby a spotreby viakien vo svete

Spotreba viakien (mil.ton)

Populéacia
Rok VO svete Prirodné viakna 'Che'mické vlakna o Celkom kgfosobu
(mid) bavina vina celulézové syntetické
1900 1,6 3,2 0,7 0 0 3,9 2,44
1950 25 6,6 1,1 1,6 0,1 94 3,76
1960 3,0 10,1 1,5 2,6 0,7 14,9 4,97
1970 3,7 12,0 1,6 3,6 4,8 22,0 5,95
1980 45 14,3 1,6 3,5 10,8 30,2 6,7
1985 4.8 16,3 1,6 3,2 13,1 34,2 7,10
1990 53 18,7 1,5 3.2 15,9 39,3 7,41
1995 5,6 18,5 1,5 2,986 22,781 45,767 8,17
1996 57 19,04 1,5 2,979 25,062 48,581 8,52
1997 58 19,31 1,44 2,897 27,358 51,005 8,79
1998 5,9 19,02 1,4 2,726 28,561 51,707 8,76
1999 6,0 19,04 1,33 2,647 29,974 52,991 8,83

Nie st zapocitané ostatné typy prirodnych vldkien, juta, lan, ramia, konope, prirodny hodvab (cca 4,5 mil. ton)

1990

Celulézové

Polyesterové

Polyakryloni(r’vilové

Polyamidové

Polyproylénové’ ri’olyakryloni(riloyﬁ

1999

Celul6zové

Polyesterové

dovi Polyproylénové
Polyamidove

Obr. 1 Zlozenie spotreby chemickych vigkien

r. 1980
Ostatny svet
11% Eurépa
34%
Aziz
32%
Sev. Amerika
23%

r. 1999
Ostatny svet
11%

Sev. Amerika
16%

Azia
58%

Obr. 2 Lokalizécia vyroby chemickych viakien vo svete

v $tétoch Azie a rozvojovych krajinach Afriky a Juznej
Ameriky (obr. 2) [5,6,7].

Podiel vyroby chemickych vidkien v tatoch Azie za
poslednych 20 r. stapol (r. 1980-1 999) 2 32 % na
58 % pricom podiel Eurépy a Sev. Ameriky kiesol
257 % na 31 % [4,7,8]. V Eurdpe a $tatoch Sev. Ame-
riky dochdadza k zvy$ovaniu vyroby Speciainych a tech-
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nickych typov vlakien s vysokymi UZitkovymi vlastnos-
tami. Za poslednych 10-15 rokov sa zvysil podiel ap-
likacie chemickych vidkien v technickych textiliach (TT)
celkovo vo svete z pdvodnych 22 % na 34 % na Ukor
odievania (O) a bytového textilu (BT), (vr. 1999 O ~
38 % a BT cca 28 %). V priemyselne vyspelych kraji-
nach vyroba a aplikacia technickych viakien je viac ako
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40 % (Japonsko 45 %) a tento podiel v tychto krajinach
bude stupat. Predpokliada sa, ze v priebehu 10-15 ro-
kov budu Specialne a technické vidkna predstavovat
viac ako 50 %. Tieto tendencie by sa mali zohladnovat
v rozvoji vldkien i u nas na Slovensku.

3. ROZVOJ VLAKIEN V DALSOM OBDOBI

Rozvoj spotreby a vyroby viakien v d'alSom obdobi sa
predpoklada, ze bude podmieneny prirastkom obyva-
tel'stva, zmenou ekonomického potencidlu a zvySeny-
mi narokmi ludi na ich vlastnosti (obr. 3) [6,7,8,9,10].
Demograficky vyvoj bude podstatne ovplyviovat loka-
lizaciu vyroby zakladnych typov masovej spotreby via-
kien. Krivka rastu obyvatelstva a spotreby vlakien od
r.1950-2000 ma exponencialny charakter. (obr.3)
V r. 1900 Zilo na naSej zemeguli 1,6 mid. obyvatelov
a spotreba vlakien (prirodnych) bola 3,9 mil. ton.
V r. 1950 bolo 2,5 mid. obyvatelov a spotreba vidkien
9,4 mil. ton. V r. 1990 bolo 5,3 mld. obyvatelov a spot-
reba 39,3 mil. ton vlakien a vr. 1999 6 mid. obyvate-
lov a celkova spotreba vetkych druhov vldkien bola
viac ako 60 mil. ton [1,2]. Do r. 2050 sa predpoklada
narast obyvatelstva na 11 mid. a spotreba vlakien 130
mil. ton [3,4,7,8,9,10].

DalSim délezitym faktorom, ktory uz v tomto obdobi
podmiefiuje rozvoj vyroby vlakien je celosvetova glo-
balizacia (vplyv kladny i zaporny), o sa prejavuje pre-
dovsetkym koncentraciou vyrobcov vlakien a integra-
ciou vyrobnych odborov (vertikalne prepojenie). Za
poslednych 10 r. doslo keniu vyrobcov vlakien (spoje-
nie ekonomickeého, technického a kapitalového poten-
cialu). Tato skutocnost sa prejavila v poklese poctu vy-
robcov vidkien na cca 50 % z poétu vr.1989.
Integraény efekt viedol k vertikdlnemu prepojeniu vy-
robnych odborov ako napr. u PES vlakien od vyroby
KT, polykondenzatu PET, vyroby technickych viakien
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aich aplikaciam vo vyrobe gumarskych vyrobkov
(pneumatik, dopravnych pasov) {6,8].

Prirastok spotreby vlakien v dalSom obdobi sa bude
zabezpecovat predovietkym chemickymi viaknami
(obr. 4). Prirastok spotreby prirodnych vlakien nebude
velky, nakolko rozhodujuci podiel maju viakna rastlin-
ného pdvodu (bavina, lan, konope, juta), ktorych roz-
voj vyroby je podmieneny predovsetkym osevnymi plo-
chami.

V podmienkach Europy dbjde pravdepodobne k zvy-
Sovaniu spotreby lanu a konope, ktoré sa postupne up-
latiuju vo forme technickych textilii v kompozitnych —
konstrukénych materialoch.

Celulézové vlakna su nevyhnutnou zlozkou v textil-
nych a technickych textiliach. Nakolko narast vyroby
prirodnych viakien s celulézovym zakladom nepokryje
potrebu v mnozstve, ale i z hladiska vlastnosti, vyvoj
smeruje k rozvoju a zvy3eniu vyroby chemickych celu-
I6zovych viakien [6,7,8,9,10]. Tieto predpoklady sa
opieraju o nasledovné skutocnosti.

Zakladnym zdrojom surovin pre pripravu vidkien je
celuléza z drevnej hmoty, ktora sa pravidelne v priro-
de obnovuje na zaklade fotosyntézy. V tomto obdobi sa
tazi cca 1,7 mld. ton dreva. Z tohoto mnozstva je
10 % spracované na buni€inu. Na vyrobu viédkien sa
spracuje 2,5 % z celkového mnozZstva buniciny. Zak-
ladny zdroj suroviny nie je teda obmedzujucim fakto-
rom rozvoja tychto vidkien [13].

Druhym vaznym dévodom dalSieho rozvoja celuldzo-
vych vlakien su ich vlastnosti vyplyvajluce z chemickej
a fyzikalnej Struktury celulézového retazca. Tento po-
lotuhy polymérny retazec predstavuje vysoko funkény
polysacharid (hydroxylové skupiny) so sindiotaktickou
konfiguraciou. Tento polymér umoziuje pripravu hyd-
rofilnych viakien so Sirokou Skalou poZzadovanych vlast-
nosti. Celulézove vlakna su biodegradovatelné. Tato
vlastnost ich bude predurCovat i v aplikaciach nielen do
textilnych, ale i do technickych textilii. Novy postup prip-
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ravy celulézovych vlakien s vyuzivanim rozpustadla
NMMNO (lyocellovy) bude v buducnosti podstatne ov-
plyviiovat rozvoj vyroby celulézovych viakien. Klasic-
ky viskdzovy proces pripravy celuldozovych viakien sa
bude i v dalSom obdobi podielat na ich rozvoji pretoze
umozniuje vyrobu Sirokého zauzivaneho sortimentu via-
kien a tiez z dévodov rieSenia ekonomizacie, regenera-
cie CS, a likvidacie odpadov z tohoto systému vyroby.

Rozvoj syntetickych vlakien masovych typov sa bu-
roku $kalu PES a PP polymérov a ich modifikovanych
typov, dalej PA, PAN [1,3,4,5,7,8,10,11,12,14,15,19].
Specidlne typy vlakien s vysokymi uzitkovymi vlastnos-
tami sa budu rozvijat na baze aromatickych polymérov
(aramidy, aromatické kopolyestery), vinylovych typov
( PVA), C - vlakien, hutnickych vlakien, (kovové, skle-
nené, oxidy Al, Zr, BSi, BC) a mikrobialnych typov
(biodegradovatelnych, PMK, polylaktény) [4,19,20].

V tomto obdobi vyroba nekonecnych technickych via-
kien je zabezpefovana vyrobou PA6 a PA66 (cca
950.000 t/r), PET (cca 750.000 t/r), celuldzovymi vidkna-
mi (viskozove a lyocellové, cca 80.000 t/r, aramidovymi
a aromatickymi kopolyesterovymi (cca 50.000 t/r), C —
vlaknami (cca 30.000 t), vysokopevnymi PE (cca 3.000
t/r), ocelovymi a sklenenymi vldknami. Vzhfadom k to-
mu, Zze PES vlakna a ich surovinova baza sa relativne
dobre rozvijaju, predpoklada sa, ze v priebehu niekol-
kych rokov ziskaju dominantné postavenie i v oblasti
technickych textilii [11,19].

Procesy pripravy nekoneénych PES vldkien su pre-
zentované kontinualnym systémom PQOY a HOY pri vy-
sokych rychlostiach navijania vldkna a diskontinualnym
systémom so stolicovym postupom dizenia a s findlnou
Upravou vlakien. V dalSom obdobi sa predpoklada ich
dalsi vyvoj so zamerom zvySovania kvality vidkien
a ekonomiky procesov vyroby [15].

4. ROZVOJ CHEMICKYCH VLAKIEN U NAS

Vyroba chemickych vlakien v predchadzajicim obdo-
bi na Slovensku a v Cechach zohravala délezitu ulohu
v rozvoji spotrebnych tovarov a v rozvoji narodného
hospodarstva [1].

Chemické vldkna ovplyviiovali Struktiru textiinych
a technickych textilii aplikovanych v réznych oblastiach
najma textiiného priemyslu, dopravy, gumarenskych
vyrobkov, stavebnictva, pddohospodarstva, strojarstva,
potravinarskeho priemyslu a inych. Chemické vlakna
nenahradzovali prirodné vlakna, ktorych mame nedos-
tatok, ale pokryvali zvy$enu spotrebu textilii a zvySené
néroky na vlastnosti, najma v oblasti technickych tex-
tilii.

V oblasti odievania chemické vlakna v kombinacii
s prirodnymi vlaknami umoznuju pripravi'9d vyrobky
s lepSimi vlastnostami z hladiska komfortu a fyziologie
odievania a znizenia spotreby energie na ich oSetrova-
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nie. Ich podiel v tychto vyrobkoch je cca 40-45
% avSak v Sportovom oble&eni je az cca 70 %.

Chemicke vlakna podstatne podmienili tieZ rozvoj by-
tového textilu, v ktorom maju cca 75 % zastupenie.
V technickych textiliach chemicke vlakna maju asi 85%
podiel.

Prva vyroba chemickych vlakien bola u nas (v byva-
lej CSR) zavedena v r. 1919 v SH Senica a v Morav-
skej Chrastave. V r. 1950 produkcia chemickych via-
kien predstavovala na baze celulézy 26.587 ton a na
baze syntetickych polymeérov 52 ton.

Vyznamny rozvoj vyroby chemickych vidkien u nas
(v byvalej CSSR) nastal po druhej svetovej vojne, naj-
ma po r. 1950, ktory vyplynul z dlhodobej koncepcie
rozvoja narodneho hospodarstva vypracovanej
v r. 1950. Na podporu rozvoja vlakien, pre ktoré sa vyt-
varali materidlne a technicke predpoklady na Sloven-
sku boli zaloZzené v r. 1951 VUCHV vo Svite, $peciali-
z4cia chemickych vldkien na CHTF SVST v Bratislave
a projekéna organizédcia Chempik v Bratislave.Vznikli
tiez vyskumno-vyvojové zakladne v Chemione, Che-
mosvite, Slovenskom hodvabe a Istrocheme. V Ce-
chach na VSCHT v Pardubiciach v r. 1952 vzniklo za-
meranie na vlakna a textil, UZCHV v Ceskej Trebovej
v r. 1967 so zameranim na spracovanie a aplikaciu
chemickych viakien. Vytvarala sa dobra spolupraca vy-
robcov viakien aékply a VUCHVs \{UPC v Bratislave,
VUGPT v Zline, VUP Novakoch, VUTCH Ziline, VUC-
HT Bratislave, s VUMCH, VUP a VUV v Brne, dalej
s VSST v Liberci, VUTS v Brne, Liberci a Bratislave
s VUB v Usti n/Orlici, VUVL v Dvur Krélové, VUOS
a OSDP v Pardubiciach. Dobra spolupraca bola s uP
a CHU SAV v Bratislave a UMCH Praha a VSCHT
v Prahe. Dobré zazemie pre rozvoj vyroby chemickych
vlakien bolo vytvorene spolupracou s Chemosvitom
v ablasti vyroby zariadeni na vyrobu chemickych vla-
kien, dalej s Povazskou Bystricou PZVL, Dubnicou,
VSS v KoSiciach, Adamovskymi strojarfiami, ZVS
v Brne, Elitexom v Liberci a dal$imi podnikmi a instita-
ciami [1].

V tab. 2 uvadzame vyrobu chemickych vidkien na
Slovensku a v Cechach odr. 1919. Z tab. 2 vyplyva, ze
rozvoj chemickych vliakien v uplynulych rokoch zazna-
menal u nas vysoku dynamiku a Ze ich vyroba do
r.1989 vzrastla viac ako 8-nasobne. Prevazna Cast vy-
roby bola viazana na byvalé trhy RVHP a trhy zapad-
nych Statov. Po roku 1990 dochadzalo k poklesu odby-
tu vlidkien a tym aj ich produkcie. V predchadzajucom
obdobi najviac sa rozvijali PA, PET a PP vlakna. Mnoz-
stvom vyroby chemickych vlakien v danom obdobi na
1 obyvatela sme sa zaradili medzi popredné priemysel-
ne vyspelé krajiny.

Chronoldgia zavadzania vyroby jednotlivych druhov
chemickych viakien a zakladania novych podnikov na
ich vyrobu je uvedena v tab. 4.

Rozvoj vyroby chemickych viakien na Slovensku od
r. 1989 je uvedeny v tab. 3.
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Tab. 2 Rozvoj vyroby chemickych vidkien na Slovensku

a v Cechach

Vyroba chemickych vlakien v tonach

Rok celulézové syntetické  chemické vliakna
vyroby spolu

1919 250 - 250
1920 430 - 430
1925 900 - 900
1930 2 300 - 2 300
1935 300 - 3 000
1940 5100 - 5100
1944 15113 - 15113
1945 3662 - 3662
1950 26 587 52 26 639
1955 48 066 910 48 976
1960 58 905 3 361 62 266
1965 69 138 9 820 78 958
1970 69 308 31 490 100 798
1975 70 980 69 250 140 230
1980 54 532 120 700 175 232
1985 56 112 154 468 210 580
1986 56112 155 202 211 314
1987 54 992 160 992 215984
1988 57 708 166 848 224 556
1989 60 441 168 804 229 245
1990 56 822 165 476 222 298
1991 40 929 118 261 159 190
1992 45 793 111 936 157 729
1993 47 565 122 800 170 373
1994 48 621 152 546 201 167

Polyamidovy hodvab v Silone Plana n/Luzici

vr. 1951,

Polyamidova striz v Chemosvite vo Svite r. 1955

a 1963.

Viskozovy kordovy hodvab S1a S2 na strojoch KVKH-
36 v Rudniku u Hostinného v r. 1959 a SCCHZ Lo-
vosice v r. 1960-63. Vyrobok predstavoval v tomto ob-
dobi strategicku surovinu pre narodné hospodarstvo.
Viskdzovy hodvab na odstredivkovych strojoch v Za-
vode mieru (CHZJD-Istrochem) r. 1951 a na konti-
nualnych strojoch KVH-84 v SH Senica v r. 1988.
Polypropylénova striz v Chemosvite vo Svite

vr. 1965 a v Istrocheme (CHZJD) v Bratislave
vr.1970 avr. 1979 av SLZ v Hnusti v r. 1967.
Polypropylénovy kablik v Istrocheme (CHZJD)
vr.1975a 1981.

Polypropylénovy technicky hodvab v Chemosvite vo
Svite vr. 1965 a v Istrocheme (CHZJD) v r. 1970, je-
ho vyroba bola prebudovana na kablik.
Polypropylénovy hodvab v Chemosvite vo Svite
vr. 1980.

Specialne riesenie farbenia v hmote polypropyléno-
vych vlakien.

Polypropylénové rino — Tatratex v Tatralane v Kez-
marku v r. 1977.

Polyetylénové runo — lzotex v zavode Upice

vo vyrobe vidkien st uvedené Udaje vratane féliovych typov a run

Rozvoj vyroby chemickych vidkien u nas bol zabez-
pecovany do r. 1950 predov§etkym na podkladoch

zahrani¢nych firiem. Po roku 1950 sa zaéina realizacia

vyroby vlakien i na podkladoch vlastného vyskumu
a vyvoja a to na nasledujucich typov vlakien:

v r. 1967 a Texizol v Chemosvite vo Svite v r. 1970
avr. 1967 v Tatralane Kezmarok.

e Polyamidovy kablik — farbenie vo hmote v Chemlo-
ne Humenné v r. 1969 a kompletnu vyrobu polyami-
doveho kablika v Chemosvite vo Svite v r. 1972.

® Polyamidovy kordovy hodvab v Chemlone Humenné
postupna realizacia od r. 1967 a pre vysokopevny kor-
dovy hodvab v r. 1977 diziaco-skacie stroje (DSKH).

Tab. 3 Rozvoj vyroby chemickych viakien (t) na Slovensku od r. 1989

. Rok vyroby
Druh vigkna 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
celulézové
visk6zovy txh 8317 7775 6343 6522 6565 6921 7400 7100 7000 3804
Polyestérové 17552 17372 14123 16004 14701 17584 16694 15447 13931 12036
PES txh 17208 16830 13765 15319 13374 16003 14594 13341 11628 9210
PES th 344 542 358 685 1327 1581 2100 2106 2303 2826
Polyamidové 57442 59665 45054 42250 32500 42122 37988 37124 40355 35005
PA txh 21085 21775 14501 16328 11315 17510 16167 17791 19371 18271
PA th, kord 17996 20140 18729 16630 14890 17890 18585 16469 19826 15441
PA kablik 17187 16788 11064 9012 6295 6722 3236 2864 1128 1293
PA striz 1204 962 760 280
Polypropylénové 50339 43274 23167 15714 13417 16240 15410 14494 14422 12742
PP striz 27057 21674 9055 6687 4604 6166 6250 6240 5670 5630
PP Kablik 14682 13360 8827 4734 5113 5674 4300 3090 3300 2150
PP txh 4700 4460 2785 1793 1700 2000 2360 2664 2952 2462
PP rana 3900 3800 2500 2500 2000 2500 2500 2500 2500 2500
Polyetylénové 1752 1712 694 663 730 483 500 500 500 500
drény 482 446 42 70 57 90
PE rana 1270 1266 655 593 673 393
Celkova vyroba 135402 120798 89384 81153 67913 83350 77992 74665 76208 64 087
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* Mikrovlakna — filtracna hmota (PVC a PS) v SLZ

Hnusta v r. 1964.

® Polyesterova striz — Ciastkova ucast pri realizacii vy-
roby na zaklade licencie firmy ICl v r. 1959 v Silone
Plana n/Luznici. VyrieSené a realizované farbenie vo

¢ Polyesterovy technicky hodvab v SH Senici

vr. 1986.

e Uhlikové viakna — poloprevadzkova linka vo VUCHV

Svit v r. 1985.

¢ Kontinualna vyroba viskézového hodvabu v Senici

hmote. por. 1985.
Tab.4 Chronologia zavadzania vyroby jednotlivych druhov chemickych vidkien a zakladanie podnikov na ich vyrobu na Slovensku
a v Cechach
Druh vlakna Podnik, lokalita Rok
1. Viskdzovy hodvab 1) Moravska Chrastava 1920
2. Viskdézovy hodvab Tovaren na umelé viakna 1919
Slovensky hodvab Senica 1920
3. Viskézovy hodvab Umelé vlakno 1920
2) Theresienthal, dneSny Rudnik u Hostinného

4. Viskézovy hodvab Severoceské chemické zavody * 1922
3) Lovosice 1936
5. Viskézovy hodvab 4) Chemosvit Svit 1934
1936
6. Viskozova striz 5)  Vistra Dynamit Nobel - Istrochem 1942
7. Viskozova striz Zavod Spolana Neratovice ** 1947
8. Viskézovy hodvab Zavod Mieru — Istrochem Bratislava eee 1951
9. Polyamidovy hodvab (PA 6) Silon Plana nad Luznici 1951
10. Polyamidova striz (PA 6) Chemosvit Svit 1951
11. Viskdézovy kordovy hodvab S, Umelé vidkno 1959
a S,, kontinual SCCHZ Rudnik u Hostinného 1962
12. Polyamidovy hodvab (PA 6) Kapron, pozdejSie Chemlon Humenné * 1959
13. Polyesterova striz (PET) 7) Silon Plana nad Luznici 1959
14. Viskdézovy kordovy hodvab S1 a S2 6) Severoceské chemické zavody Lovosice 1960
15. Polyamidovy kordovy hodvab (PA 6) Chemlon Humenné *** 1962
16. Polyamidova striz (PA 6) 8) Chemosvit Svit 1963
17. Mikrovidkna - filtracna hmota (PVC) Slovenskeé lu¢obné zavody Hnusta 1964
18. Polypropylénova striz a technicky hodvab (PP) 9) Chemosvit Svit 1955
19. Polypropylénové vidkna (PP) 10) Slovenské lG¢obné zavody Hnusta 1967
20. Polyamidovy kobercovy kablik (PA 6) Chemlon Humenné 1969
21. Polypropylénova striz a technicky hodvab (PP) Istrochem (CHZJD) 1970
Polyesterovy hodvab (PET) Slovensky hodvab Senica 1970
22. Polyamidovy kablik (PA 6) Chemosvit Svit 1972
23. Vysokopevny polyamidovy kordovy hodvab (PA 6) Chemlon Humenné 1975
24. Polypropylénovy kablik (PP) Istrochem (CHZJD) Bratislava 1975
25. Polyetylénové runo Texizol (PE) Tatralan KeZmarok 1976
26. Polypropylénové runo Tatratex (PP) Tatrafan Kezmarok 1977
27. Polyesterovy hodvab Chemlon Humenné 1977
28. Polypropyfénova striz (PP) 11) Istrochem (CHZJD) Bratislava oe 1979
29. Polypropylénovy hodvab (PP) Chemosvit Svit 1980
30. Polypropylénovy kablik (PP) 12) Istrochem (CHZJD) Bratislava 1981
31. Polyesterovy technicky hodvab (PET) Slovensky hodvab Senica 1986
13) Slovensky hodvab Senica 1992,
*kkk 1998

Komentar k Tab. 4

1) Spracovanie viskdzového hodvabu vyradbaného v Senici, ktora zanikla v r. 1935
2) Vr.1953 vyroba hodvéabu prebudovana na visk6zovy kordovy hodvab odstredivkovy a v r.1959 na kontinualny pésob pripravy

3) Por.1960 vyroba odstavena

4) Striz vr.1967 a hodvab r.1980 odstavena vyroba

5) Vistra odstavena v r.1979

6) V r.1960 zavedena vyroba na KVKH-36 kordového hodvabu Super 1 (S,) av r.1963 Super 2 (S,)
7) Vr.1966 zavedena kontinudlna vyroba prva ¢ast, a v. r.1971-1972 druha cast vyroby
8) Kontinualna polymerizacia a zvlakiiovanie na cievky a kablikové dlzenie

9) Vyroba strize odstavena v r.1972

10) Pdvodna vyroba PP-gumozine prerobena na PP striz a v r. 1984 odstavena z dévodov velkovyrob PP viadkien v Istrocheme

(CHZJD)
11) Velkokapacitné linky
12) Velkokapacitna vyroba
13) Velkokapacitna vyroba zavedena v r. 1992

* teraz Nylstart, ** vyroba odstavena v r. 2000, *** teraz Rhodia, po r.1998 zavedena vyroba PA 66, **** rozSirenie kapacity

¢ po r. 1993 inovacia vyroby, ¢e po r.1993 inovacia vyroby a rozSirenie sortimentu, ee Vyroba odstavena po r.1995
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® Por. 1992 doslo k inovacii vyroby sortimentu viakien
PP, PET, PA

Velka pozornost vo vyskume bola venovana zamer-
nym fyzikalno-chemickym modifikaciam zakladnych ty-
pov vliaknotvornych polymérov a vldkien a novym pos-
tupom pripravy vlakien.

V oblasti celuldzovych vlakien vyskum bol zamerany
na pripravu novych typov viskdzovych strizovych via-
kien ako je vysokopevna, vysokomodulova a polyno-
zicka striz a tiez ich priprava na baze domacej buko-
vej buniciny. Nemald pozornost vo vyskume bola
orientovana na pripravu celulézovych vlakien bezsi-
rouhlikovym postupom pomocou derivatov celuldzy
a novych rozpustadiel celuldzy. V priprave vysokopev-
nych viskézovych kordov smerovanie vyskumnej &in-
nosti bolo na vyvoj technolégii pre vy3sie generacie
tychto vliakien (Super 1, Super 2, Super 3), ktoré boli
reprezentovane vyssimi pevnostami, modulmi pruznos-
ti a ostatnymi uzitkovymi vlastnostami. Bola vyrieSena
a realizovand regeneracia Zn pri tejto vyrobe.

U viskdzoveého hodvabu pripraveného kontinualnym
spdsobom bola rie$ena technoldgia pripravy pri zvyse-
nych rychlostiach zvlaknovania, rovnomernosti vlast-
nosti, zuSlachtovacieho procesu spracovatelnosti, bez-
zakrutového typu, preparacii ekologicky nezavadnych
a vlakien o réznej jemnosti. U klasickych postupov prip-
ravy visk6zového hodvabu vyskumna ¢innost bola za-
merana na znizovanie spotreby a regeneraciu sirouh-
lika, farbenie vo hmote, zniZzenie jemnosti, zvySovanie
zivotnosti zvlaknovacich hubic, rovnomernosti vlast-
nosti a poslednu dobu overovanie bezsirouhlikovych
postupov pripravy hodvabu (karbamat celulézy) a no-
vé rozpustadla celulozy.

U polyesterovych vidkien boli prace zamerané na
pripravu modifikovanych typov vlakien zmenou mole-
kulovej Struktury, dalej jemnych a mikrovlakien, farbe-
nie vo hmote na vidkna pre nové generacie péromérov,
nové postupy pripravy objemnych priadzi a na pripra-
vu viakien na baze aromatickych kopolyesterov, dalej
na vysokorychlostné zvlaknovanie a pripravu profilova-
nych a dutych typov vlakien.

U polypropylénovych vldkien v oblasti modifikacie
hlavna pozornost bola sUstredena na riesenie tepelnej
a svetelnej stability, farbenie vo hmote a farbenie z roz-
toku farbiv, priprava velmi jemnych a mikrovlakien,
zmesnych vlakien, profilovanych a dutych typov, via-
kien so znizenou horlavostou a bakteriostatickych, via-
kien pre rieSenie Cistenia ovzdusia, povrchovych a od-
padnych vdd (EKO-vldkna), filtraénych materialov,
priprave vysokopevnych vidkien a vlakien pre nové ge-
nerécie péromerov a priprave kablikov na baze mecha-
nickych zmesi PP/PA, PP/PE, PP/PET a vyuzitie novej
generacie PP polymérov najma metalocenovych na
pripravu vysokopevnych vldkien.

U polyamidovych vldkien bola vyskumna ¢innost ori-
entovana na rieSenie farbenia v hmote u kablikovych
typov, termostabilite, réznym spdsobom tvarovania,
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priprave objemnych priadzi, jemnych a mikrovlakien na
baze zmesnych polymérov, najma pre nové generacie
poéromérov a priprave vlakien z aromatickych polyme-
rov.

Realizované vysledky vlastného vyskumu a vyvoja
v nasich podnikoch umoznili odpredat licencie, techno-
l6gie a zariadenia do zahranicia na :
¢ vyrobu vysokopevnych viskdzovych kordov do

byvalej NDR v r. 1964 a PLR v r. 1966
¢ vyrobu polyamidového kordového vidkna Ukrajine
vr. 1967
® vyrobu polyamidového kablika do Rumunska
vr. 1968
e vyrobu polyamidového vysokopevnych viakien pre
siete do CLR vr. 1963
vyrobu rana z polyamidu do byvalej NDR v r. 1967
pripravu farebnych koncentratov do SvajCiarska
kontinualne filtre tavenin polymérov do NSR
technoldgiu spét ziskavania Zn pri vyrobe viskdzo-
vych kordovych vldkien do byvalej NDR
e dokumentacia na kontinualne stroje pre vyrobu vis-
kézového hodvabu NSR.

Z uvedeného prehladu vyplyva, Ze vlastne kapacity
vyskumu a vyvoja prispeli velkym podielom k budova-
niu novych vyrob chemickych vlakien u nas.

V Sestdesiatych rokoch, ked nastupil prudky rozvoj
syntetickych vlakien vo svete, dochadzalo k tzkemu
spojeniu strojarskych firiem s viaknarskym vyskumom
a vyvojom. Toto spojenie umoznilo vyvinut Siroku Skalu
modernych strojno-technologickych zariadeni na vyro-
bu chemickych viakien. U nas po r.1968 sa podarilo len
Ciastocne uskutocnit prepojenie vyskumu a vyvoja
technoldgie a zariadenia s partnermi €sl. Strojarstva.
Z tychto dévodov bolo rozhodnuté, Ze urcité druhy che-
mickych vlakien budd budované zakupenim licencie,
know-how a zariadeni zo Statov s vyspelou strojarskou
a vlaknarskou vyrobou. Vlastné vyskumné a vyvojové
kapacity po uvedenom obdobi boli orientované na vy-
voj kontinuélnych strojov a technoldgie na pripravu vis-
kdzoveho hodvabu a viskézove;j strize, PA strize, kab-
lika a technického hodvabu a vyvoj diziaco-skacich
strojov pre vysokopevné PA vilakna, dalej pre vSetky
druhy PP vlakien (s Ciastoénym doplnenim zariadenia
zo zahranicia) a pre pripravu PET technického hodva-
bu, dalej pre pripravu netkanych materidlov z PP, PE
a PA pre vyrobu Specialnych druhov vidkien a vlakni-
tych materidlov.

Nakup licencii, know-hov a techniky pre pripravu che-
mickych vlakien bolo realizované najma s firmami :
¢ [C! Anglicko, Zimmer NSR, Teijin Japonsko, AKZO
Holandsko, Barmag NSR, Plantex Taliansko, Fleis-
ner NSR, Neumag NSR, Allied Chemical USA.
Uplatnenie vysledkov vlastného vyskumu a vyvoja
v rozvoji vyroby chemickych vlakien u nas sa opieralo
0 vysoku technicku kvalifikaciu pracovnikov pésobia-
cich v oblasti chemickych vlakien. V priebehu 50-roc-
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nej Cinnosti bolo udelené okolo 2 000 patentov, z kto-
rych zna¢na ¢ast bola realizovana doma i v zahranidi.
V odbore vidkien u nas bolo publikované cca 95 mono-
grafii a uéebnych textov, cca 3 500 publikacii v doma-
cich a zahraninych periodikach.

Dobra vedecka a technicka uroven nasich pracovni-
kov sa prejavila i v u€asti s cca 1200 prednaskami na
kongresoch, konferenciach a sympo6ziach na domacich
a zahrani¢nych férach. [1,19,20,24-114] Vydavanie
naSich Casopisov Chemické viakna, Textilna chémia,
a Textil umoznovali dobru prezentaciu nasich prac.
V tomto obdobi vychadza €asopis Vlakna a textil, v kto-
rom sa publikuje prevazna Cast prispevkov v anglickom
jazyku, ¢o umoznuje vacsiu propagaciu v zahranidi.

Od zaloZenia zamerania chemickych vlakien na
CHTF STU v Bratislave bolo vychovanych 760 inzinie-
rov pre potreby priemyselnych organizacii t.j. vyrobcov
vlakien a vidknitych materialov a pre vyskumné a vyvo-
jové organizacie. ]

Katedra viakien v spolupraci s VUCHYV pripravili 72
CSc. (PhD) a 2 DrSc. V odbore vlakien a textilu (tech-
nolégia makromolekulovych latok) habilitovalo 12 Doc.
a 3 Prof.

Absolventi CHTF so zameranim chemickych vidkien
v predchadzajucom obdobi tvorili zakladné piliere vo
vyrobnych podnikoch chemickych viakien, VUCHV
a v dalSich pribuznych vyskumnych a vyvojovych insti-
tucii. Absolventi tohoto zamerania i v tomto obdobi
predstavuju velky technicky potencial, ktory umozniu-
je i udrzat produkciu chemickych viakien na Slovensku
v silnej medzinarodnej konkurencii a vplyve globaliza-
cie.

Vyroba chemickych vlakien v doterajSom rozvoji na
Slovensku a v Cechach mala velky vyznam pre narod-
né hospodarstvo. Podstatne ovplyvnila §truktdru textil-
ného priemyslu a ostatnych odvetvi narodného hospo-
darstva. Rozvoj vyroby vlakien sa opieral o silny
technicky potencial tvoreny VUCHV, VVZ s technicky-
mi Gtvarmi podnikov, CHTF SVST Katedru vlakien
a textilu, VSCHT v Pardubiciach, UZCHV, VUTCH, UP
SAV, UMCH CSAV, VUP. VUV, VUB, VULV, VUMCH
a o dalsich VS a VU na Slovensku a Cechach.

Doterajsi rozvoj chemickych vlakien i viastna vedec-
ka a vyskumno-vyvojova &innost obohatila nasu spo-
lo€nost produktami Sirokej spotreby, mala velky ekono-
micky prinos, zvySila sa zamestnanost a rieSila
i reStrukturalizaciu vyrob v niektorych lokalitach, ¢im
prispela k ich ozdraveniu. NajcennejSou devizou su
v8ak vedomosti, ktoré by sa mali zuroéit v dalSom ob-
dobi.

Délezitym faktorom, ktory uz v tomto obdobi podmie-
fiuje i rozvoj vlakien je celosvetova globalizacia, ktora
vyvolava koncentraciu vyrobcov vlakien a integraciou
vyrobnych odborov, t.j. vertikalne prepojenie od vyro-
by monomérov, polyméru, vyroby vliakien a odborov ich
aplikacie. Tento proces by sa mal vhodne vyuzit jed-
nak v rdmci Slovenska a v medzinarodnych vztahoch
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s cielom vyuzit nas technicky potencial pre zachovanie
progresivnych vyrob.

5. ZAVER

Rozvoj chemickych vidkien na Slovensku ma pred-
poklady predovsetkym u PES, PA, PP a celulézovych
vlakien, ich 8pecidlnych typov, najma pre technicke tex-
tilie.

Zakladatelom vyucéby chemickych vlakien na CHTF
SVST a jej budovatelom pedagogického a vedecko—
vyskumneho potencialu vyslovujeme vdaku a uctu.
Rovnako budovatelom VUCHYV Svit a jej pracovnikom,
ktori svojou Cinnostou zabezpecovali vyskum a vyvoj
procesov pripravy vlakien a realizacie v priemyselnej
vyrobe patri nasa Ucta a vdaka.
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WATER-DILUTABLE COATINGS DERIVED FROM
POLYESTERS FOR TEXTILE USE
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*Dresden University of Technology, Institute of Macromolecular Chemistry and Textile Chemistry,
Mommsenstr. 13, D-01062 Dresden

**Saxon Textile Research Institute, Annaberger StraBe 240, D-09125 Chemnitz

1. INTRODUCTION

Technical textiles were coated on a large scale with
the goal of obtaining waterproof and strengthened tex-
tiles. Applications among other things are technical tar-
paulins for buildings and vehicles as well as tents, con-
veyor belts and home textiles.

Despite the outstanding price-performance ratios of
PVC-coatings (Fig. 1) on technical textiles there is in-
creasing interest in alternatives which do not contain
chlorine, because of their ecological acceptance. PVC
is being discussed, because it is suspected, that the
monomeric vinylchloride is carcinogenic and there are
problems with the recycling process due to the chlorine.
Hydrogen chioride is released and the building of
dioxine is possible under unfavourable conditions.
Chlorine-free coatings, for instance polyacrylates and
polyurethanes, have already been successful applied
in some special fields'.

However, the new replacement coatings with equiva-
lent properties to those of PVC, have not been able to
achieve the economic efficiency of PVC-plastisoles.
The properties of PVC-plastisoles have only been
reached, after the addition of additives, such as cou-
pling agents, softening agents and anti-agers. These

Table 1 Advantages and disadvantages of already used binders

products are able to diffuse out of the coatings and they
are partly toxic. The advantages and disadvantages of
PVC-, PUR- and acrylate-binders are outlined in tab. 1.

The project behind the new technique, which will be
discussed, involves the so called water varnish tech-
nology for metal and wood coatings. In water varnish
technology, water dilutable polymer binders are able to

DMikg

PvVC

PUR polyacrylates polyesters

Fig. 1 Prices of binders (March 97, Germany, from: Farbe Lack
1998, 98 (3), 2; without PVC)

binders advantages

disadvantages

PVC-plastisole e good price-performance ratios
® simple processing

* broad application

® non-ageing

e weldable

* problems by the recycling process (it is not possible to
completely seperate the coatings from the support)
danger of dioxine formation by uncontrolled burning
formation of hydrogen chloride during thermal disposal
good properties obtained only after the addition of
additives (coupling agents, softening agents, anti-agers)

polyurethane- ¢ high extension at break and elasticity e high price
dispersions ® good wear properties of clothes * possibility of recycling is restricted
e good abrasion resistance e disposal through burning
¢ high flexibility at low temperatures e defects in the waterproofness
(without softening agents)
¢ low specific weight
* wash and try cleaning resistance
polyacrylate- ® good weatherability ¢ high price
dispersions e good light fastness e tendency towards stickiness
® resistent to bacteria and moulds e disposal through burning
* defects in the waterproofness
90 Vigkna a textil 8 (2) 90-94 221



form durable coatings on the substrate through chemi-
cal crosslinking.

With a 34 % share of the market polyester is the lead-
ing manmade fibre for technical textiles in West Eu-
rope.

Because of the similarity between the coating and the
supporting material, polyester containing polymers
should be given priority. These polymers have a good
adhesion to the textile support and the coated textiles
can be recycled easily.

The problem involves the formation of coatings,
which have the necessary elasticity for textiles, while
maintaining both the water and light stability. This can
be achieved through the crosslinking process.

2. SYNTHESIS, CROSSLINKING AND COATING

Binders for the coatings were formed through the
melt condensation of aliphatic dicarboxylic acids and
glycols. After the addition of amines salts were formed,
which are water soluble. Low molecular polyesters can-
not be cured by a physical process (Fig. 2), they must be

cured by a chemical process (Fig. 3). We describe in this
paper thermal and radiation hardening™®.

The thermal crosslinking took place with different
melamine resins at a temperature of 170 °C.

Through optimization of the composition of the start-
ing mixture as well as the crosslinking strategy, it was
possible to form highly elastic and water stable coatings
on technical textiles.

The universal hardness of the crosslinked binders
was determined with the Fischerscope H 100”"". Apart
from the hardness it is possible to calculate further pa-
rameters, e.g. the elastic deformation (Fig. 4, 5).

Coatings for technical textiles should have a low
hardness and a high elasticity.

The coating of polyester resins on polyester textiles
and the thermal hardening was made with

a continously coating line (Mathis, Swiss, Fig. 6).

The coatings have almost the same properties as
PVC (Fig. 7-9) without the use of additives.

In addition to the thermal crosslinking with melamine
resins suitable binders have been crosslinked with ul-
traviolet irradiation. Figure 10 showes the problems of
heat- and UV-curing.

B PE, PP, PA, PVC

B

E} polyacrylate

polyurethane

By pvc

Fig. 2 Physical hardening

& latex

k alkyd resins

& polyesters/

amino resins

b special

polyacrylates

k epoxide resins-
polyamines

hydroxy
polymers-
isocyanates

& polymers with
acrylate groups

Fig. 3 Chemical hardening
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universal hardness /N/mm?

PVC

polyacrylates polyesters

Fig. 4 Universal hardness (Fischerscope H 100) of crosslinked

polyesters in comparison with PVC and polyacrylates

elastic deformation /%/

polyacrylates polyesters

Fig. 5 Elastic deformation (Fischerscope H 100) of crosslinked
polyesters in comparison with PVC and polyacrylates
©

®
R
Qﬁ

Fig 6 Continously working coating line

The advantages of UV-curing are:

e fast curing and processing,

¢ low energy consumption,

¢ high solid content, no solvents or water needed,

¢ low environmental pollution,

* no heat treatment for drying or curing, suitable for
heat-sensitive substrates.

In figure 11 you can see a schema of UV curing.
UV-crosslinkable polyester acrylates or polyurethane

92
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PVC PUR polyacrylates polyesters

Fig. 8 Waterproofness (hydrostatic pressure)of coated polyester
fibre fabrics

4077

301

20

107

decrease of tensite strength /%/

PVC polyacrylates polyesters

Fig. 9 Weatherability (Xenontest) of coated polyester fibre fab-
rics (decrease of tensile strength after 3000 h)

acrylates were coated and then hardened with an UV-
facility from IST (Germany).

To sum it up it can be said, the flexural strength, low-
temperature resistance and processability of the suit-
able binder systems are comparable. PVC reach good
values for the low-temperature resistance, however
only after the addition of cold resistant softening agents.
In order to obtain a good waterproofness, layer
thickneses of 200 um are enough in the case of poly-
esters and acrylates. In the case of PVC layers with a
thickness of 450 um are required.

Vlakna a textil 8 (2) 90-84 (2001)



problems

UV curing

UV light

heat curing

« layer thickness

«light scattering and
absorption by pigments

«wave length : 300 - 400 nm

« alcohol and amine

splitting -off

* time consuming
< high temperatures

« disturbance of the
surfaces by bubbles

Fig. 10 Problems of UV- and heat-curing

Ultraviolett lamp
(200-400 nm)

l absorption
photoinitiator

photochemical
primary reaction

free radicals

|

initiating of the
l reactive system

I chain start molecules I

chain reaction
(hardening)

l chain termination

X

ihv

"

l+ H20=iH
oM ]

crosslinked film I

Fig. 11 Schema of UV curing

3. APPLICATION

The binders, that we have developed, could be used
in the following applications (table 2). Some preliminary
tests are already being carried out in medium sized and
small enterprises.

4. SUMMARY
The aim of the research is the development of chlo-
rine-free coatings for polyester textiles. The coatings

which are used for tends, carpets and tarpaulins are

Vidkna a textil 8 (2) 90-94 (2001)

nowadays PVC. Itis not only used because of its good
properties but also because of its low price-perform-
ance ratio.

For the recycling of technical textiles, it would be ad-
vantageous if the textile and the coating are of the
same chemical structure.

Polyesters are used in the coating industry as water-
dilutable coatings. The films are formed through the re-
action with Melamine resins at high temperatures.

These coatings have excellent mechanical properties
and good weather resistance. So it is obvious to relate
this technique to textile coatings.
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Table 2 Applications of produced binders

Applications

Reached properties

light tarpaulins * waterproof

o flexible

home textiles
table covers
covers
carpet backing

o o o o

slip-resistant

good flexibility also at low temperatures

back side: slip-resistant, top side: waterproof
besides oilproof and soil-repeliant, for instance resistent toward inks of ballpoint
use of pile goods for the fixing of knobs (1x back side)

Therefore, it is necessary to modify the extremely
hard and brittle polyester-melamine-films to obtain flex-
ible and elastic coatings for textiles.

If polyurethanes or polyacrylics are combined with
polyester the properties of the films can be modified to
obtain more flexible and less brittle films.

We synthesized modified polyesters derived from
flexible diols and dicarboxylic acids.

The processing conditions, emissions of the water
and of the produced alcohol from the crosslinking reac-
tion as well as filmthickness, flexibility, water resistance
and the mechanical properties have to be optimized.

We also investigated radiation-curable water-borne
systems.

The new coatings have similar properties to the PVC
coatings and in some cases they are even better.
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DEVELOPMENT OF TECHNICAL TEXTILES FOR
THE SLOVAK TEXTILE INDUSTRY

Sestak, J, Papajova, V.

VUTCH-CHEMITEX, spol. s r.o., Zilina, Slovak Republic

1. INTRODUCTION

Textile industry belongs to segments with a long tra-
dition in Slovakia. The oldest companies are 80 to 100-
year-old, some of them were founded in the 1930s and
1940s. A dynamical development of the segment be-
gan in the period of industrialization of Slovakia (mainly
knitting mills). The youngest companies were founded
in the beginning of 1980s. Number of subjects engaged
in textiles increased severalfold after transformation of
the Slovak economy due to delimitations, privatization
and development of small and middle business. The
basis of textile industry consisted of 14 state enter-
prises (4 in cotton sector, 3 in linen sector, 3 in wool and
4 in knitting sector) in 1989. Nearly 49 000 employees
worked in these organizations.

At present, 112 companies with 18 800 employees
operate in the field of textile manufacture (organizations
with more than 20 employees) in Slovakia according to
data of the Slovak Statistical Office. Organizations with
1-19 employees manufacture textiles in amount of fur-
ther about 2,1 mld. Sk according to estimates. They
employ about 5 000 employees. Estimated number of
such manufacturing units is 650. The overwhelming
number of the subjects and their employees are en-
gaged in the field of knitting manufacture. Structure of
subjects of the Slovak textile industry is according to
number of employees as follows:

over 1000 employees - 4 companies
(2 cotton sector,

1 wool sector
and 1 knitting sector)

500-1000 employees - 4 companies

100-500 employees - 11 companies
20-100 employees — 93 companies
1-19  employees — 650 companies

Textile industry belongs to category of middle-sized
economic segments regarding share on manufacture
of the Slovak industry. It is on the 16" place in the lad-
der of 28 segments according to the output. Share of
textile segment on industrial production of the Slovak
Republic decreases permanently (1,87 % in the year
1996, 1,37 % in the year 1999). Total output of the seg-
ment decreased in the years 1996-1998, however it
shows increase (on the base of receipts from industrial
activity) in the years 1999-2000.

Textile segment produces 1,58 % of added value of
the industry. Share of the added value on manufacture
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amounts to 37,6 % in textiles while the average is 32,5
% in the Slovak industry. This index amounts even to
47,1 % in knitting manufacture.

Textile manufacture is on the 10" place from among
28 industrial segments regarding number of employ-
ees. The highest employment is in the manufacture of
woven cloths. Empolyment decreased by more than
4 500 persons in the segment in the years 1996—1998,
it increased slightly in the years 1999-2000.

Share of the segment on export of industry exceeds
by 0,62 percentual point position of the segment on
manufacture of the industry. The highest export value
shows manufacture of knitted fabrics and woven cloths.

A typical assortment of products manufactured by
textile industry is as follows:

— cotton sector — carded cotton yarns, combed cotton
yarns (classical, open-end spun yarns) and sewing
threads, cotton grey cloths and finished cotton cloths,
linings and dress cloths, nonwovens;

- wool sector — worsted yarns, semi-worsted yarns,
woollen yarns, a wide assortment of dress cloths
and coat woven materials, textile floor coverings;

— linen sector — giass cloths, linen cloths and non-
wovens, linen piece goods, rope products;

— knitting sector — knits, knitted outerwear, knitwear,
knitted underwear, small knitted products, hosiery.

The offer of sophisticated assortments of the seg-
ment is restricted. Fine types of cotton yarns and light
cotton cloths with a mass of up to 100-120 g/mz, linen
yarns and blended yarns (linen/synthetics) up to 65 tex
are missing. Modern finishing technologies (dyeing in
supercritical CO,, infrared drying, hydrophobic and sof-
tening finishes) have not been installed in the finishig
mills. One third of knitting production is realized in the
form of wage work for foreign customers. The assort-
ment of wool and filament yarns and woven cloths is
wider and on a higher qualitative standard after certain
modernization of technologies.

Qualitative aspect of the production of the Slovak
textile industry is a result of available level of tech-
nique and technology in the segment. Present level
is marked with investment underdimensioning of the
segment. Standard of technique and technology in the
Slovak textile industry is behind that of the highly-de-
veloped countries.

Open-end spinning prevails in cotton spinning mills.
The technology is suitable mainly for processing
coarser and blended yarns. Position in ring spinning
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Table 1 Share of textile industry on indicators of industrial manufacture in the frame of the Slovak Republic (year 1999)

share on industrial

share on added value share on employment  share on export

Sub-sector Name manufacture in % of industry in % of industry in % of industry in %
171 Preparation and fibre spinning 0,13 0,10 0,33 0,08
172 Cloth weaving 0,74 0,80 1,66 0,53
174 + 175 Manufacture of textile products 0,19 0,24 0,70 0,10
and other textile manufacture
177 Manufacture of knit goods 0,26 0,39 1,20 1,23
Textiles total 1,37 1,58 4,09 1,99

frames is worse, in addition their productivity is behind
the world top due to the age of the machines. Prepa-
ration machines which are a basis for a quality output
of spinning frames are very old as well as combing and
winding machines. Absence of attachment results in
inferior yarn quality (low number of splicers, autolevers
etc.).

A more favourable situation is in woollen spinning
mills. In the beginning of 1990s investments were made
in carding process (high-performance carding ma-
chines mostly of Italian origin), in drawing machines,
doubler-winders, combing machines and ring spinning
frames.

Technological devices for preparation of fibres in
linen segment are out-of-date. Spinning, winding and
rewinding is carried out on machines with substandard
output parameters. Availability of technologies to manu-
facture finer yarns is insufficient.

Shuttleless looms are prevailing in weaving mills.
Their age structure is worse than that of competitors
(EU, Far East). Preparation machines, mainly sizing
machines are old.

The weakest link of the Slovak textile original produc-
tion in general is technological equipment in prepara-
tion and especially in finishing. Technological and capi-
tal intensity of modern finishing equipment is high.
Present state in this field is aresult of under-
capitalization of the sector; this state shows then
a negative impact on quality of products.

Machinery in knitting production is out-of-date in com-
parison with highly-developed competitors. Number of
electronic patterning devices is lower in comparison
with the competitors. Thus possibilities of patterning
and speed of response of the Slovak knitting mills are
limited. Age structure of machines in manufacture of
knitted clothing is maintained proportional due to lower
investment intensity.

This short summary of the present state of textile in-
dustry in Slovakia was presented with the purpose to
provide actual information in a more general outline.
Certain fragmentation of interests prevailing in the last
10 years does not contribude to stabilization of the sec-
tor. An impulse for a reversal can be a common inter-
est of the Slovak manufacturers in cooperative produc-

Export of the Slovak Republic in the class 11 (textiles and textile products) in the years 1999 and 2000

Chapter 1999 2000
in thousands FCO in thousands FCO

50 Natural silk (silk yarn and woven cloths made of silk) 2582 Sk 633 Sk
51 Wool, fine or coarse animal hair, bristle yarns and woven cloths made of bristle 298 034 Sk 367 565 Sk
52 Cotton (combed cotton yarn, carded cotton yarn, cotton sewing threads, 801 275 Sk 903 421 Sk

cotton woven cloths)
53 Other vegetablie textile fibres, paper yarn and woven cloths made of paper yarn 87 139 Sk 78 385 Sk
54 Man-made filament yarn, synthetic or man-made silk 6171 438 Sk 7 246 791 Sk
556 Chemical (synthetic or man-made) staple fibres 1194 018 Sk 1502 392 Sk
56 Cotton wool, felt and nonwovens, special yarns, ropes, twines, 182 465 Sk 190 578 Sk

cords and cables and products made thereof
57 Carpets and other textile floor coverings 20 286 Sk 37 100 Sk
58 Special woven cloths, tufted textiles, braids, tapestries, trimmings, embroideries 145 970 Sk 137 055 Sk
59 Impregnated, coated, layered and laminated textiles, textile products 220 397 Sk 308 317 Sk

suitable for industrial applications
60 Knitted fabrics or crocheted textiles 80 396 Sk 111006 Sk
61 Clothing and clothing accessories, knitted or crocheted 5608 330 Sk 6 297 327 Sk
62 Clothing and clothing accessories other than knitted or crocheted 16 200 967 Sk 17 313 333 Sk
63 Other finished textile products, ensembles, worn-out clothing 1710 682 Sk 1707 348 Sk

and second-hand products, rags

Class 11 - Total: 32 753 979 Sk 36 201 251 Sk
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tion of selected assortment of technical textiles based

on:

— application of domestic raw materials (PAD, PP,
PES, technical fibres and staple yarns) and imported
special types of fibres;

— utilization of domestic capacities for cotton and wool
spinning and rather unexploited weaving and knitting
capacities;

— integrated investment policy in the field of finishing
technologies.

2. DEVELOPMENT OF TECHNICAL TEXTILES IN
SELECTED ASSORTMENTS

Research Institute for Textile Chemistry -
CHEMITEX spol. s r.o0. in Zilina is a complex facility
engaged in development in the field of technical textiles
as well as optimization of their parameters. In the 1990s
the original environmental aspect, processing and uti-
lization of secondary raw materials, technological waste
from textile and clothing production was extended by
development of new products from primary raw mate-
rials, mainly special fibre types and development of
new technologies to manufacture them.
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This research and development is naturally limited by
technological possibilities of the Slovak manufacturers.
In spite of it the assortment of developed products re-
alized partly also in practice is rather wide:
— geotextiles, materials for reinforcing, stabilization,
protection

— filtration materials for industrial filtration
geosynthetics for dumping sites

agrotextiles

medical textiles

textiles for protection of human health and technical
equipment

textiles for rubber production
We would like to present some selected results in the
following part of the paper.

2.1 Medical textiles

Assortment of therapeutical wound dressings

The range includes three products with brand names
SATOZA, CARTOZA, JOTOZA.

Properties of the therapeutical wound dressings with
healing and bacteriostatic effect exceed basic functions
required from a common wound dressing especially
when healing serious dermatological troubles.
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Table 2 Parameters of the therapeutical wound dressings and comparison with rival products

SATOZA CARTOZA JOTOZA
Composition  Core: Core: Core:
nonwaoven made of antibacterial absorbent textile material cotton knitted fabric impregnated by
PP staple and superabsorptive fibre made of carbon fibres PVP iodine ointment
Sheath: Sheath: Sheath:
nonwoven with a bacteriostatic additive nonwoven with a bacteriostatic additive sheet from plasticized PVC
Weight per 21+05¢g 27+05¢g 4+05¢g
unit area
Absorption min. 10 min. 10 -
capacity @g™ (997
Rival product VLIWIN ACTISORB PLUS INADINE
PP woven cloth, absorbent cotton, knitted fabric with active carbon woven cloth with efficient
cellulose with 0,15 % by mass of elementary Ag substance PVC iodine

PAD nonwoven
Johnson and Johnson, USA

Rauscher, Austria

between two sheets
Johnson and Johnson, USA

SATOZA - a multilayered planar structure with
sheath and inner layer made of textile material with
bacteriostatic effect. Core of the wound dressing is
made of a nonwoven with high absorbency and with
bacteriostatic effect.

CARTOZA - a multilayered planar structure with
sheath made of a textile material with bacteriostatic ef-
fect. The inner layer is made of a carbonized textile
material containing active carbon. This wound dress-
ing is capable of retaining liquids and removing smell
of wounds which require long healing.

JOTOZA - this wound dressing is made of
a perforated textile material impregnated by a well-tried
depot iodine antiseptic. The wound dressing exploits
antibacterial efficiency of iodine minimizing at the same
time its undesirable effects.

The above-mentioned wound dressings were clini-
cally tested in dermatological wards of selected hospi-
tals on territory of the Slovak Republic with a very good
result. They were applied on local infested defects of
the lower limbs. Bacteriostatic effect and absorbency
of the therapeutical wound dressings were valued
highly above all. Health institutes recommended the
new assortment of therapeutical wound dressings from
own development. Manufacture of the products is pre-

pared as well as complete documentation for approval
of this new medical aid.

2.2 Textiles for rubber manufacture

Liners and protective technical textiles

Technical textiles are used in rubber manufacture
mainly as protective textiles and liners in manipulation
and storage of rubber semi-products where they fulfil
function of separating and protective materials ensur-
ing convenient quality of semi-product surface in manu-
facture of tyres mainly from the point of view of suffi-
cient adhesiveness and cleanliness.

Decisive factors for selection of quality of fibres suit-
able for manufacture of liners and protective woven
cloths were as follows: strength, abrasion resistance,
sufficient durability and minimal adhesion of the surface
of the woven cloth to the rubber semi-product.

Requirements regarding final quality of the textile
material were fulfiled by combination of high-strength
PES filament 167 dtex in warp and PES filament 333
dtex in weft.

The assortment of textile materials developed as lin-
ers for cord plies and tyre threads was evaluated in
conditions of rubber manufacture in a.s. Matador

Table 3 Comparison of required parameters and achieved quality of the developed liner and protective cloth Uruk G

Parameter/specific unit

Required parameters of the technical textile

Achieved parameters

liners protective cloth URUK G
Strength min. [N.5 cm™ | warp 1000 1 000 1 688
weft 800 800 1 080
Elongation max. [%] warp 30 - 26.4
weft 30 - 32.1
Thermal resistance [°C] - 160 160
Change of dimensions 100 °C/1 hour  warp - 0 0
under thermal effect [%] weft - 0 0
160 °C/1 hour  warp - +3 -15
weft - +3 -15
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Table 4 Parameters of textile membrane GUPLET for tyre building

Parameter
Material composition

Required parameters

Achieved parameters GUPLET

PAD 6/Dorlastan 44 dtex

Weight per unit area [g.m?]

Strength[N.5 cm™] - length
~ width
Elongation [%] - length
- width

Thickness [mm)]
Width [cm]
Durability — number of cycles of the membrane

- 257
300 835
550 477
280 146
250 256
- 0.9
- 130
5 000 1. test 9893

2. test 11 480

Puchov and woven cloth with working name URUK G
proved to be the best. The technical woven cloth was
recommended after regular tests and evaluations to be
included into the rubber manufacturing programme in
a.s. Matador Puchov.

Expected durability of the woven cloth determined on
the basis of tests is 3 years. It will be used in rubber
manufacture mainly as substitution of commonly used
PE sheet with substantially lower durability (max. 2-3
months) and it will economize expenses of the final
consumer regarding regeneration of the sheet and in-
creasing service life of the material.

Textile membranes for tyre building

Technical knitted fabrics with special properties, i.e.
membranes for tyre building are used in technological
process of tyre manufacture. Principal requirement
which must be fulfiled by the membrane is outstanding
durability during use in manufacturing cycles. Minimal
durability set up according to the imported material from
MLLIKEN was 5 000 cycles.

Our development was focusing mainly on investiga-
tion of suitable combination of technical fibres and con-
struction of the knitted fabric. We have developed
a knitted fabric made of PAD 6 in combination with
Dorlastan 44 dtex.

The parameters shown in the table demonstrate that
the knitted fabric GUPLET has about twice durability
than required. The above-mentioned type of textile
membrane for tyre building has been included into
manufacturing programme of Matador a.s. Pichov.

2.3 Filtration materials for industrial application

Technical nonwovens with filtration efficiency help to
overcome adverse effects of industrial production on
living and working environment. A range of nonwoven
filtration materials INOFIL and NEFIL designed for fil-
tration of gaseous and liquid substances was devel-
oped by VUTCH-CHEMITEX, spol. s r.o. Zilina. Deci-
sive influence of technological factors on achievement
of final quality of the filtration material was taken into
account during the development. The factors are as
follows:
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— quality of fibrous raw materials and optimization of
the material composition
— selection of suitable armouring material for proposed
applications
— influence of surface finish of the textile material on
final filtration properties
Resuit of our development is a range of filtration ma-
terials based on PP, PES and PAN conductive fibres
and their blends designed for various fields of applica-
tion. The range includes materials as follows (Table 5):

Table 5 Assortment of filtration textiles INOFIL and NEFIL

Name of the Application possibilities
filtration material
INOFIL PES - 1 — metallurgy

NEFIL PES - 1/700 - metallurgical treatment

- cement factories

INOFIL PES - 2/PP
NEFIL PES - 2/500/PP
INOFIL PP - 2/VP
NEFIL PP - 2

INOFIL PES - 2/M 2
NEFIL PES - 2/500/ M2

~ food industry

- feeding mixtures

- dyes and paint industry
— building industry

- building industry
— manufacture of fireproof materials
- food industry

INOFIL ST 550 — metallurgy
— galvanization

- zinc coating

INOFIL PES - 2/ANT - grinding mills

— timber mills

Qualitative parameters of the new range of filtration
materials are given in Table 6. They document a great
diversity of filtration characteristics of the materials de-
veloped for a range of possible applications. The filtra-
tion materials are designed to meet requirements of the
customers regarding size and quantity of polluting par-
ticles to be captured.

2.4 Antibacterial textiles for bed linen

Hygienical/epidemiological situation of living and
working environment is going from bad to worse. It
results in increase of allergies and skin diseases.
Therefore the effects of textile materials as articles of
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Table 6 Selected parameters of filtration textiles INOFIL and NEFIL

Parameter Filter type
INOFIL INOFIL INOFIL INOFIL INOFIL INOFIL  NEFIL NEFIL PESNEFIL PES NEFIL
PES-1 PES-2/PP PES-2/M2 PP-2/VP PES-2/ANT ST 550 PES-1/700 2/500/PP 2/500/M2  PP-2
Weight per unit area
(@.m®) 630 590 580 500 430 550 700 530 530 590
Thickness (mm) 2,28 24 2,43 25 1,8 2,42 45 24 2,1 44
Strength (N/5 cm)
- length 870 600 570 1100 600 680 1300 870 670 700
- width 1700 910 1200 1100 820 1320 1100 820 450 500
Elongation (%)
- length 80 15 30 14 15 15 60 15 15 15
— width 70 1 70 11 10 10 70 10 10 10
Air-permeability
at 200 Pa (mm.s™) 580 300 540 500 360 600 500 380 600 300
Thermal resistance (°C) 150 100 150 100 150* 160** 150 100 150 100

* surface resistivity < 1.10°%Q, ** short-time 180

Table 7 Influence of care on bacteriostatic efficiency of the
textile material
Staphylococcus Klebsiella
aureus pneumoniae
Material growth  bacterio- growth bacterio-
of static of static
bacteria efficiency bacteria efficiency
% % % %
DOMESTIK bleached — AMIDO
after 1 washing 15 85 70 30
after 10 washings 8 92 72 28
after 20 washings 38 62 26 74

The textiles are bacteriostatic ones

daily use are being followed incerasingly. The materi-
als are evaluated among others from point of view of
their direct influence on a man when protecting human
heaith and preventing from proliferation of diseases
caused by resistent or pathogenous microorganisms.

Application of textile materials with special antibac-
terial properties proved useful when evaluating these
influences because they can substantially contribute to

inhibition of the growth of microorganisms and to hy-
gienic protection of the customers.

The basis of structure of the antibacterial textile ma-
terials are special fibres containing a suitable type of
antibacterial additive effective against a wide range of
microorganisms with minimal content of the additive in
the fibre.

VUTCH-CHEMITEX, spol. s r.o. has developed
a range of efficient antimicrobial additives with brand
name BIOSTAT suitable for fibre-forming polymeric
systems on the base of PP, PES and PAD. The addi-
tives were tested in manufacture of staple fibres and
filaments on the base of PP and PES in cooperation
with fibre producers.

Staple fibres containing the additives were used to
manufacture a range of blended yarns and woven
cloths by technology of spinning and weaving.

Five types of bacteriostatic yarns have been devel-
oped as blends of synthetic fibres with cotton 20-42
tex. They were then used to manufacture two kinds of
woven cloths — drill BIERN and bed linen called
DOMESTIK.

Percentual comparison of the growth of bacteria on commonly used and
bacteriostatic textile materials
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80

growth of 60
bacteriain % 4

20

0

1 washing

10 washings
20 washings

number of washings
Fig. 1
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Comparison of the growth of bacteria on commonly used and
bacteriostatic textile materials

1 washing

10 washings i
20 washings

number of washings

M A - number of bacteria/ml immediately after imoculation on an unfmished sample
B B - number of bacteria/ml after 24-hour incubation on a sample with antibacterial finish

[ C - number of bacteria/ml after 24-hour incubation on an unfinished sample

Fig. 2

Final bacteriostatic efficiency of the textile material
Domestik — AMIDO containing 15 % PPsBST in the
woven cloth is given in Table 7.

Comparison of the growth of bacteria on standard
textiles and bacteriostatic ones is shown schematically
on Fig. 1 and 2.

Fibres with antibacterial additives are being used in-
creasingly in the assortment of textile materials. Need
of prevention and protection of human health from risk
of disorders call for application of antibacterial textiles
with various construction mainly in fields as follows:

— bed linen for hospitals, hotels and lodging-houses

- protective workwear with increased hygienic safety

— underwear and piece goods (socks, gloves)

— leisurewear and sportswear

— filtration materials for food manufacture

— textiles for transport means

Vidkna a textil 8 (2) 95-101 (2001)

3. CONCLUSION

We have not presented all assortments of technical
textiles developed in VUTCH-CHEMITEX, spol. sr.0.
in Zilina lately. For instance geotextiles, agrotextiles
and other protective textiles have not been mentioned
here.

At the same time it is necessary to say frankly that
some of the developed assortments have not been put
into manufacture yet.

There are several reasons for it. However, the basic
one is instability in the textile sector and insufficient
technological equipment. Technical textiles will con-
tinue to be underestimated in the conditions of the
Slovak textile industry and it will fall more and more
behind the world unless this situation turns.
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TEXTILE MATERIALS IN THE LIGHT OF INNOVATIVE DE-
VELOPMENTS FOR LIGHTWEIGHT CONSTRUCTIONS

Offermann, P.

Technische Universitat Dresden, Institut fiir Textil- und Bekleidungstechnik, D-01062 Dresden,
e-mail: offerm @tud-itb.ipfdd.de

It is the vision to get lightweight construction solutions close to natural constructions. The most
freedom of design is achieved by combination of reinforcing fibres and matrix fibres in a single
yarn. Based on this only thermoplastic composite constructions are possible. Main focus of the
research efforts is on the control of the commingling process. Textile processing of the commin-
gled yarns leads to textile performs which can be immediately formed to composite parts. Minimal
flow paths of the matrix material between the reinforcement fibres are essential for good internal
bonding. Production of near-net shape performs can be achieved by special development of tex-
tile manufacturing techniques. Components of complex shape further require textile processing of
free-form surfaces. To come to major advances (material laws, failure analysis) it demands re-
search co-operation of all engineering disciplines involved.

1 DEFINITION AND THESES

Textile materials are fibres, filaments, and threads
manufacturable by a textile process. Textile semi-fin-
ished fabrics in the form of plane fabrics, 2 D-, 3 D-
structures, and free-form planes of complicated geom-
etry’s are also called textile materials in lightweight
construction. Textile fibre materials must fulfil special
technical and/or economic criteria to be interesting for
lightweight construction.

The two major groups of textile fibre materials for
lightweight construction are

a) the so-called high performance fibre materials and

b) the newly growing fibre materials

Selected physical characteristics demonstrate the
application potential of textile materials for lightweight
construction. Textile materials are used in lightweight
construction as reinforcement materials.

Composites make possible the optimal combination
of the reinforcement fibre architecture with a matrix
component.

The choice of the high performance fibres partner is
determined by the physical (mechanical, thermal) and/
or chemical and/or biological requirements.

2 MOTIVATIONS AND CONSEQUENCES

The most important motivation for the development
of lightweight construction parts is the improvement of
the weight-performance ratio.

The most progressive solutions are, thus, to be found
in air and space travel. Increased safety at a low weight
and, at the same time, low energy costs, there fore, jus-
tify the generally higher total costs of lightweight con-
struction.

The extensive use of lightweight construction struc-
tures with textile materials in general vehicle construc-
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tion, ship building, machine — and plant construction is
failing so far due to the too high production costs and
insufficient Know-how.

The performance potential of high performance fibre
materials constitutes, on the other hand, a continuing
motivation for the development of a new kind of light-
weight construction strategies.

The way the system is looked at concerning compos-
ite part definition moves more and more into the center
of the procedure. Modeling, calculation, design, textile
manufacturing processes, matrixes, and consolidation
processes, composite part construction, integral insert
technology, quality assurance, and tests under pres-
sure are a part of the complete process.

For the textile technology the challenge calls for:

— Development of cost-effective manufacturing tech-
nologies

— Reaching a high degree of pre-manufacturing of tex-
tile semi-finished fabrics

— Assuring the reproduceability of the semi-finished
structures in regard to geometry and physical char-
acteristics in the composite part.

3 THE STATE OF TECHNOLOGY

Textile materials have been used for lightweight con-
struction for decades. In the area of high performance
composites UD-lay-ups, UD-tapes and bi-directional
woven structures are normally used.

Duroplastics dominate as matrix materials. With the
classical lay-ups and tapes the highest fibre volume
fraction can be reached (60 % and more). The degra-
dation degradation of sensitive carbon fibres, for in-
stance, can be calculated.

Orthogonal fabrics constitute a higher degree of
manufacturing. Similarly, this goes for braiding. The
strength of filament yarns, however, can already no
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longer be used in the same measure as UD-structures.
Nevertheless, this causes a construction cost advan-
tage. By weave construction and the fineness of the
filament yarn optimisations become possible. The com-
posite parts call for many layers. These must be lay-
ered to each other at different angles.

The handling part and the cutting waste cause impor-
tant negative cost factors.

The layers also have no form-determining connec-
tions among themselves. The delimitation of the com-
posite constitutes a greater danger. In airplane con-
struction “fearrivets” are therefore set.

In the last ten years extensive research was done
concerning the use of multi-axial fabric structures for
integral lightweight construction. The ITB is and was
involved in this work.

The cost advantages of the higher degree of con-
struction, however, must be covered by quality charac-
teristics which, at least, correspond to the comparable
woven fabrics. This could be proved.

Apart from the plane textile semi-finished fabrics also
3 D-structures are being used. Profiles are manufac-
tured in the braiding technique or the weaving tech-
nique. For the reduction of the delimitation danger and
as a compound technique, the textile sewing methods
are lately moving into the centre of research and de-
velopment. The results reached so far lead to the ex-
pectation of applications in the widest technical sense.

4 VISION AND TEXTILE SOLUTION
STARTING POINTS

The great model for lightweight construction is nature.
Its way of lightweight construction favours a fibre rein-
forcement architecture which orientates itself on the three
dimensional fibre arrangement in the path of force.

With minimal input outstanding lightweight construc-
tion characteristics are reached.

The vision orientates itself on this example. The goal
is to find nature-analogous technical lightweight con-
struction solutions. For this, textile technology, in prin-
cipal, offers a wide range of designs. But also with the
classical materials like steel and aluminium innovative
solutions are worked on to move closer to the engineer-
ing principle of nature. Metallic foams and the thinnest
folded tins will suffice as examples here.

The textile solution starting points orientates them-
selves on the given materials and technological advan-
tages.

The material advantages have already been named.
In principal, the possibility exists to consider the rein-
forcement frame of a light-weight construction struc-
tured in the areas of Fibre, Thread, Fabric.

The mixture of the reinforcement components with
the matrix component is thinkable in the same manu-
facturing areas.
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The technological advantages of the design multiplic-
ity first of all consist in the textile construction possibili-
ties in the manufacturing of textile fabrics. Beyond that,
there are methods by which textiles can be manufac-
tures fully fashioned and in complicated-geometry’s.
Hereby the classical textiles braiding, weaving, knitting,
and embroidering techniques offer themselves espe-
cially.

The IPF has been working successfully for some
years now on the technical optimisation of the embroi-
dering process for the manufacturing of so-called Tai-
lor-Fibre-Placement-Structures (TFP). The technologi-
cal and constructive changes on the basis machine
were the subject for a doctoral degree [1]. The techni-
cal standard reached and the quality assurance in the
manufacturing of textile semi-finished fabrics for high
performance composite parts led to the foundation of
a company.

The ITB is pursuing textile solution starting points on
the basis of the warp and weft knitting techniques which
will be reported about (a. 0.) in the following.

5 RESEARCH DIRECTIONS CHOSEN

5.1 Further Developments of the Commingling
Process

The highest freedom of design is reached with min-
gling reinforcement and matrix fibres in the thread. (The
mingling in fibre fleece is exempted here as, apart from
the freedom of design for high performance compos-
ites, also the best possible fibre arrangement in the
path of force will be dealt with).

The principal limitation of course consists there-in
that on this basic only thermo-plastic composite con-
struction methods can be performed. In the basic inves-
tigations carried out during the last few years, the high
performance potential of the commingling-technique,
as compared to other methods, could be shown. The
essential advantage hereby consists of the mixture of
the components. Thus, the flow paths of the thermo-
plastic matrix are minimised. This leads to close adhe-
sion among the individual fibres. The structure really
does come quite close to nature.

The goal now is to further optimise the commingling-
technique. During the mingling the, as a rule, very brit-
tle high performance fibres succumb to high stress,
which leads to filament breaks. Besides, the filaments
then no longer lie ideally aligned in the thread and, thus
cannot bring their performance potential in to play
100 %.

One can easily imagine which design possibilities for
textile construction are given already alone due to the
variation of the commingling portions of the fibre com-
ponents in the thread and its normal textile-.technical
further manufacturing into fabrics.
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5.2 Development of Bi-axially Reinforced Flat
Knittings

The flat knitting machines are, as known, preferably
used for the manufacturing of tricot products. The main
reason for this consists in the technological advantages
of the fully-fashioned manufacturing of pullovers,
sweaters, and other similar items, (in the extreme case
even completely ready-to-wear).

The formgiving possibilities have been used for some
time now also in connection with aramid threads (e. g.
Kevlar) for the manufacturing of composite parts for the
ballistic sector (e. g. helmets).

A further increase of the number of layers is techni-
cally thinkable but calls for the development of a com-
pletely new machine.

The second step of research shall serve the integra-
tion of the bi-axial technology into the knitting process
for the productions of near net-shape and free-form
preforms. Since the beginning of 2000 the ITB is in pos-
session of such a basic machine.

The integration necessitates innovative solutions.
Starting with the technological requirements for fully-
fashioned relevant freeform surfaces, constructive, and
control technical concepts are to be implemented.

The introduction of stress-admitting threads into the
warp direction can for example, theoretically take place
after three variants.

Mono-axial reinforcements in weft direction however
already make possible a multitude of structure manipu-
lations.

The deep drawing ability of such textile semi-finished
materials is excellent.

With the example of the construction of a ball pre-
form can be shown after which geometric principles the
form is created out of segments and how the technical
knitting program is to be written.

The vision of a nature-adequate textile lightweight
construction method will remain the goal.
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The possibilities of the, for the most part, freely
selectable setting of the mingling ratio of the reinforce-
ment and matrix filaments in the yarn, the path of force
reinforcement, and the near-net shape composite con-
struction bring the aim a good bit closer.

The present focal pointplans consist of the develop-
ment of the basics for user-efficient, failure-tolerant high
performance rotors in the textile hybrid construction
style. The complicated geometric design, the require-
ments on to the textile construction including the sew-
ing technique and the complex demands constitute an
extreme challenge.

6 VIEW TO THE FUTURE

The development potential of textile materials in light-
weight construction seems immeasurable at this time,
on the other hand, there exists hardly any basis in re-
gard to material behaviour, especially in the failure
characteristic. Thus, alone in quasi-static processes the
present state of development in material laws is esti-
mated at 30 % and for the failure criteria at 10 %. [2]

Thus, there are plenty of research and development
tasks for all of the professional disciplines needed on
the team. International competition, on the other hand,
is escalating at such a pace that really relevant
progress in the technological sector concerning the
mastery of concrete product innovation can hardly be
published.
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ULTIMATE STRENGTH OF FIBRES AND FIBROUS BUNDLES
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The main models for description of fibers ultimate strength based on the probabilistic approach
are discussed. For identification of fiber strength type and estimation of corresponding param-
eters the modified quantile regression is proposed. The bundle strength predictions based on the
simplest approach of uniform share of loading and knowledge of fiber strength distribution is
described. The simulation approach starting from reliability of parallel system is used as well.
These predictions are used for estimation of basalt roving strength. Predicted values are com-

pared with experimental data.

1. INTRODUCTION

Strength at break is one of basic properties of fibers.
This parameter is important both for textile technolo-
gists and textiles designers. Generally it is assumed
that fiber strength is in nature stochastic variable and
corresponding distribution confirm to mechanisms of
failure. Classical theories lead to unimodal distributions
skewed obviously to the right [1].

For polymeric materials, where more types of cracks
appear, the polymodal strength distribution results.
Number of modal values is indicator of specific defects
(obviously surface defects and volume ones) [2]. In
contribution [3] the discrete spectrum of defects has
been identified. By the proper statistical technique the
polymodality has not been proved for modified PES,
carbon, aromatic polyamides and ceramic fibers [4-5].
These fibers exhibit typically unimodal and very broad
tensile strength distribution by the risk functions R(o).

This contribution is devoted to the selection of risk
function of failure R(c) for description of the tensile
breaking strength ¢ distribution. For parameters esti-
mation and right model selection the method based on
the order statistics and nonlinear regression is pro-
posed. The simple models for prediction of bundle
strength are discussed. These predictions are used for
estimation of basalt roving strength. Predicted values
are compared with experimental data.

2. STATISTICAL ANALYSIS OF FIBRES
STRENGTH

The fracture of fibers can be generally described by
the micro mechanical models or on the base of pure
probabilistic ideas [2]. The probabilistic approach is
based on these assumptions:

(i) fiber breaks at specific place with critical defect
(catastrophic flaw),

(i) defects are distributed randomly along the length
of fiber (model of Poisson marked process),

Vldkna a textil 8 (2) 105-108 (2001)

(iii) fracture probabilities at individual places are mu-
tually independent.

The cumulative probability of non-fracture C(V,o)
depends on the tensile stress level ¢ and fiber volume
V. For very small body (V— 0) no defects are present
and therefore C(0,0) = 1 is valid. For the very large
body (V- o) is C(«,c) = 0.

The simple derivation of the stress at break distribu-
tion described below is a modification of deductions of
Kittl and Diaz [6]. By using of independence assump-
tion the probability of non-fracture of body composed
from volume V and volume AV without common points
has the form

C(V + AV,0) = C(V,5) C(AV,0) (1)

Eqgn. (1) is based on the assumption of independence
of non-fracture probability in volume V and in volume
AV. By using of Taylor linearization the C(AV,s) may be
written as

C(aV,0) = C(0 + AV,0) = C(0,0) + [dC(0,c)/dC] AV (2)
and the C(V + AV,c) as
C(V + AV,0) = C(V,0) + [dC(V,0)/dc]AV  (3)
Using eqns. (2) and (3) and the boundary condition
C(0,0) = 1, the following expression results

C(V + AV,5) = C(V,0){1 + [dC(0,5)/dc]AV) =
= C(V,0) + [dC(V,0)/dc]AV  (4)

After rearrangements of eqn. (4) the final form is ob-
tained

dC(V,0)/do _ dC(0,0) _
CVe) T do C R(0) ®)

The R(o) is known as the specific risk function. This
function is positive and monotonously increasing as
C = (0,0) must be negative. Therefore in egn. (5) must
be negative sign at the term R(c). Integration of eqn.
(7) with boundary condition C(0,c) = 1 gives

C(V,0) = exp[-R(o)] (6)
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The cumulative probability of break F(c) is comple-
ment to the C(V,s). Then the distribution of stress at
break is expressed as

F(o) = 1 - exp[-R(0)] )

For famous Weibull distribution [1] (model WEI3) has
R(c) form

R(o)] = [(o - AY/BI° (8)

Here A is lower strength limit, B is scale parameter
and C is shape parameter. For brittle materials is often
assumed A = 0 (model WEI2).

Weibull models are physically incorrect due to unsat-
isfactory upper limit of strength C(«,s) = 0. To over-
come this limitation Kies [7] proposed more general risk
function (model KIES) in the form

R()] = [(c = A)/(A; - 0)I° 9)

Here A, is upper strength limit. For brittle materials is
again assumed A = 0 (model KIES2). Occasionally the
single Weibull distribution is inconsistent with experi-
mental data. A multi-risk model is then used for analy-
sis of strength distribution. For a bimodal distribution
(fracture is result of two distinct kinds of defects) with
zero lower limiting strength the risk function is

R(o)] = [(o/B) + (o/By)]° (10)

Generalization of Kies risk function has been pro-
posed by Phani [8] (model PHAS)

_Uo-A)/BP

R(o) =
@) ={Ao) B

(11)

In this equation are C and D two shape parameters.
It can be proved that the B and B, cannot be independ-
ently estimated. Therefore, the constraint B, = 1 is used
in sequel. Simplified version of eqn. (4) has A=0
(model PHA4). For well-known Gumbell distribution
(GUMB) is R(c) expressed as

R(c) = exp[(c - A)/B] (12)

The selection of right R(c) depends critically on the
estimated number of modes and on the presence or
absence of non zero lower limiting strength.

3. ESTIMATION OF R(c) TYPE AND
PARAMETERS

Main aim of the statistical analysis of strength data o;
i = 1,...N is specification of R(s) and estimate of its
parameters. Owing to their special structure the param-
eters of Weibull type distributions can be estimated by
using of the maximum likelihood, quantile based and
moment based methods. Sometimes is attractive to
combine these and other methods for simplification of
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estimation process. We propose quantile based meth-
ods for their simplicity Methods of this type use the so-
called order statistics o(;. Denote that o) # o.q) i =
1,...N-1. It is well known that o, values are rough es-
timates of sample quantile function for probabilities [9]

i-05
N+0.25

By using of eqn. (8) and order statistics o, the param-
eter estimation problem can be converted to the
nonlinear regression task [10].

So-called Weibull transformation method uses the re-
arrangement of eqn. (8) for order statistics

P =F(op)= (13)

In[R(c)] = In[-In(1 - P)] (14)

The parameter estimates of R(c) model can be then
obtained by nonlinear least squares, i.e., by minimiz-
ing of criterion

N
S(@) = ) _(yi - In(R(c))? (15)
i=1
where y; = In [ -In (1 — P})]. Denote that graph of y, on
the In(cy) is so-called Weibull plot. This plot is for two
parameter Weibull distribution straight line but for three
parameter the concave curve results.

Strictly speaking, this method is based on the incor-
rect assumption that the y, are uncorrelated random
variables with constant variance. More logical is to use
the estimated sample quantiles o, as explained quan-
tities. Corresponding least squares criterion for the
quantile regression has the form

N
S(a)= Y o) - Q(Z)P (16)
i=1

where Z, = exp(y;) and Q(Z)) is theoretical quantile func-
tion. For three parameter Weibull distribution is Q(Z;)
expressed as (9]

Q(Z) = A+ BZ'°

For three parameter Kies model is valid

(17)

A+AZIC

QZ) = ———
@) 1+Zi1/C

(18)

and for Gumbell one is
Q(Z) = A + BIn(Z) (19)

According to the roughness of 6, and their no con-
stant variances the special weights can be defined [9].

For selection of right risk function the statistical cri-
teria for selection of the optimal regression model form
can be used [10]. To distinguish between models with
various number of parameters M the Akaike informa-
tion criterion AIC is suitable
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AIC =N In[ S(a*)]+ oM
N_M

(20)

where S(a*) is minimal value of S(a). The best model
is considered to be that for which this criterion reaches
a minimum. The predictive ability of regression type
models may be examined by the mean quadratic error
of prediction

N
MEP =5 lyi-fxia)f (21)
=

where f(x; a) is model function. Parameters a ., are
least squares estimates when all points except the i-th
one were used. Criterion MEP is equal to the mean of
the squared predictive residuals [10]. The best model
with maximum predictive ability reaches a minimum of
MEP

4. BUNDLE STRENGTH

Let us consider a fibrous system where n fibers (or
filaments) form a parallel bundle with no interaction be-
tween individual fibers. Daniels [11] developed theory
to estimate the maximum strength of bundles using
order statistics ;. The maximum strength of bundle
made from N fibers would be defined by relation

(N=i+T)op 2 (N=-i)opyy  (22)

Peirce [12] examined five models in relation to the
strength of bundles. His second model requires uniform
tension among the fibers and is based on the distribu-
tion of breaking load. Maximum load P occurs when
number M fibers of the n ones breaks. Let the fibers
have ultimate strength distribution characterized by
probability density function (pdf) p(s) and cumulative
probability function (cdf) F(c). For large n is then valid

=M _i_F@) %=2[1—F(z)]

z=[1-F(o)]/p(0)

(23)

For the Weibull distribution (see eqn. (5)) is valid
z = BCO (24)

Daniels [11] extended Pierce’s work (fibers have the
same elongation characteristics, and share the load
equally). The strength distribution of bundle is ap-
proaching to the normal distribution for large n inde-
pendently on the distribution of fibers probability den-
sity function. The expected bundie strength is

E(og) = nz[1 - F(o)] (25)

and the standard deviation is
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D(og) = zyF(@)n[1-F(2)]

Here z is the value maximizing o[1 — F(c)]. For
Weibull distribution is z defined by egn. (24). Form lim-
iting normal distribution of bundle strength and Weibull
cdf of fibers is then mean bundle strength

(26)

E(og) = BC“exp(-1/C) (26)

Harter [13] provided an exact formula for expectation
of Weibull order statistics in the form of series

E(o),B,C,n) = Bn(;'::)m +1/C)x

i~1 i-1 (_1)1+J—1
XZ( i j(n—j)“”c

=0

(27)

These mean values can be substituted into relation
(22) instead of values o, and the maximum bundle
strength is value fuffilling this inequality.

Simulation based computation of bundle strength
based on the reliability defines bundle as system com-
posed from parallel-organized units. The reliability is
understood as a resistance of the system against a
load applied to it. It is assumed that reliability is tested
in such a way that the load increases from 0 to the level
causing the failure of all units or up to maximal load.
Further it is assumed that the experiment is relatively
fast, so that the time of duration of the load does not
influence the survival. The standard survival analysis
approach and counting processes models are used,
however, instead of time-to-failure, the breaking load of
fibers is variable of interest. The concept and relevant
theory of counting processes is described in the book
[14]. Let the survival of fibers is described by i.i.d. ran-
dom variables U, j = 1..m with distribution given by f(u),
F(u), h(u), H(u) denoting the density, distribution func-
tion, hazard function and cumulative hazard function,
respectively. It is assumed that at each moment the
force applied to the fiber is divided equally among the
(unbroken) ones. The global force stretching the fiber
is observed. However, as the break of fiber leads to an
immediate re-distribution of the force to the other fibers
(so that to the abrupt increase of the force affecting
each individual fibers), the consequence can be the
break of several of remaining fibers. For such a set of
fibers broken practically at the same moment the pre-
cise level of the strength causing the break of some of
them is actually not know. Thus, a part of data is inter-
val-censored. If the sufficient number of fibers is ob-
served the sufficiently large set of uncensored data are
registered. Let the bundle of n identical and independ-
ent fibers are tested. Denote by U, random variables -
survivals, by N; (u), I;(u) related individual counting and
indicator processes for the i-th filament (i = 1...n).
Further denote
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N)= Y Niw) )= k)  (28)
=1 =1

The common estimator of the cumulative hazard
function is the Nelson-Aalen one

Ay = [ S (29)

271V

where is set 0/0 = 0. The ability of the estimator to ap-
proximate well the true H(u) depends on the indicator
processes for all values of strength u in the interval of
interest. Proof of asymptotic uniform consistency and
asymptotic normality of this estimator is derived in [15].

5. EXAMPLE

Basalt rocks from VESTANY hill were used as a raw
material. The roving contained 280 single filaments
were prepared. Mean fineness of roving was 45 tex.
Diameter of filament was 8.63 [um]. The individual ba-
salt filaments removed from roving were tested. The
loads at break were measured under standard condi-
tions at sample length 10 mm. Load data were trans-
formed to the stresses at break o; [GPa]. The sample
of 50 stresses at break values was used for evaluation
of the R(c) functions and estimate of their parameters.
Model proposed by Phani (eqn. (11)) leads to the pa-
rameter A without physical sense. Model PHA4 is more
realistic but the shape estimates are very high. Kies
type models (eqn. (9)) are here not better that three
parameter Weibull one. The differences between MEP
for WEI3 and WEI 2 are very small and therefore the
simpler WEI2 has been selected. Parameters of this
model are B = 3.01[{GPa] and C = 1.83. The mean
strength value for WEI2 is 2.67 GPa.

For roving strength measurements the TIRATEST
2300 machine was used. The 50 samples of strengths
P; were collected. These values were recalculated to
stress at break values c; [GPa]. The strength distribu-
tion of tempered multifilament roving was nearly normal
with parameters: mean o, = 1.02 GPa and variance
s? = 0.0075 [GPa}’. These parameters were estimated
as sample arithmetic mean and sample variance.
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Bundle strength predicted from eqn. (26) is E(cg) = 1.
This value is very close to experimental one. From
practical point of view is probably experimental value
too small because the part of fibers was crushed in
jaws of testing machine. Number of broken fibers at
break computed from egn (24) is M = 118.

The proposed simulation based model was used for
prediction of the survival of bundle when the survival
distribution of fibers is Weibull with known parameters.
Though the overall survival can be derived from the or-
der statistics distribution, its computation is generally
complicated. The Monte Carlo simulation has been
therefore used. Based on the 3000 simulations for
model WEI2 the mean value ES(c) = 2.21 GPa and
standard deviation SS(s) = 0.22 have been computed.
These values seem to be more realistic in comparison
with asymptotic results.
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Relations between human being and textiles are discussed. Mechanical, chemical, physical
properties of textiles together with subjective emotions, feelings, senses of a man create a world
of our environment whic‘h influence our life, health, state. It is like feedback which is not always

under control.

At the beginning was a fibre — Fig. 1.

Fig. 1

From the birth to the dead and even after it human
being has continuous contact with textiles. In whole of
life we almost do not part with this type of products.
With them we play, learn, pray, love, meditate, negoti-
ate, solve problems, do a lot of various things, and at
the end die. Even then this contact does not interrupt,
lasting hundreds, or thousands years. Up till now tombs
are one of most important sources of information about
old textiles. '

Similarly, as an air for us textiles are very near, vital
environment.

Similarly, as parameters of natural environment influ-
ence our feeling and sometimes our health, textiles in-
fluence us in the similar way. A contact with one tex-
tile makes us to feel better. A contact with another
textile create a wish to break this contact as quick as
possible and with other we wish not to separate with it
at all.

This intimate relationship, contact between people
and textiles creates such state of us consciousness
when we often forget that textiles exist around us and
near us. We treat this situation as if textiles are given
to us automatically.

This type of products have to hold technical and func-
tional features which guarantee their usefulness, func-
tionality and durability. They have to have elements of
aesthetic, sometimes artistic which guarantee of stimu-
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lating of our subjective feelings too. Sometimes these
feelings are so important that fully decide about a trade
attraction of the products.

Usually a first contact with many textiles is visual.
That is why so many of them hold elements which main
task is to create a curiosity, create a positive reaction,
to catch us attention and bring to nearest contact with
potential user. We can see an example of that efforts
on Fig. 2 [1], where a textile wall covering with curious
side for is seen.

Fig. 2

A lightness, a decoration, a solidity of the background
on which decoration elements were placed, a toned
colours choice, a clear construction of knots is seen.
We can realize that our feelings are described by cer-
tain set of features. Very strict definition of them with
very precise values of parameters currently is impos-
sibly.

No doubt textiles history proves essential role of sub-
jective point of view on this type of products, in which
construction, structure, mechanical, chemical and other
properties are joined with outside form of product. In the
outside form is also contained an artistic context by a
pattern-designing, a texture, a composition, colours, a
relief, symbols. It is area which is not easy to be de-
scribed in very precise way.
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All changes of textiles which are seen during thou-
sands years, starting from the first signals of our con-
scious production of these type of products and end-
ing on the present days are joined with changes of our
relation to them, used opinions and criterions, our emo-
tional states. A lot of factors had and have influence it.
A state of a development of this type of production,
culture, tradition, values preferred inside a community
had sometimes an essential influence our point of view.
It was so big influence that we could easily to determine
a time and a place where textiles where produced.
Specially if product was created in ancient world and
in the places where were very distinct traditions of pat-
tern designing, raw materials, compositions etc.

It is easy to differentiate Persian carpet from Cauca-
sian or blanket of Indian Navaho from European one.
Itis interesting to observe how some communities keep
their habits, rules and fancies. it concerns not only pat-
tern-designing, but also raw materials, properties etc.
Even nowadays when easiness of access to many

types of products exists some of them are more pre-
ferred in some regions of world and another not.

This complexity of problem shows that the situation
depends on a very high number of factors and our
choice is not so simply. Our psyche and senses, and
emotions, and cool estimation of research workers in-
fluence our behaviour. A relation between these ele-
ments is also variable and it complicates the situation
more. Even in technical textiles outside form of them,
colours, pattern-designing may have a specified influ-
ence on our choice.

An example of that not only visual contact is shown
on Fig. 3 [2] and Fig. 4 [2]. On Fig. 3 is shown a sum-
mer tent of Bedouins and on Fig. 4 winter tent of
Bedouins. These tents were in use before hundreds
years and nowadays they are in use too in the same
form. It means that subjective feelings and needs of
Bedouins are fulfilled sufficiently in the same level up till
now. Useful requirements, durability of these woven fab-
rics used for construction of these tents are very high.

Fig. 4
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Fig. 5

These woven fabrics are rather technical textiles of
special types. They are produced up till now on the
hand looms and producers of them have firm stabilized
economical situation today as hundred years ago.

These constructions also actuate emotions, feelings
and physical senses. Fabrics should posses very im-
portant mechanical, endurance, resistance, engineer-
ing features which are a elementary base of these con-
structions. This base is indispensable for long period
of working of these fabrics. Perceiving textiles in this
case gives a impression of hardness, roughness, cer-
tainty of protection.

The summer tent Fig. 3 is made from bright cotton
and assure suitable airy, sun and torrid heat protection.
The winter tent Fig. 4 is made from black wool and
during wet weather automatically enlargers filling of
fabric (fibres swelling) and give better protection from
cold and rain. Any attempt to change something, for ex-
ample, colour of tent is in advance has to fail. The rea-
son is not a suitable set of account of useful, technical
parameters but of social resistance.

On Fig 5 [1] and Fig. 6 [1] two plain woven fabrics are
.shown. Their outside forms differs very decidedly. The
difference is seen in colours, type of fibres, thickness
of yarns, densities of threads, roughness. In this case
a description of these fabrics use a set of factors and
values of parameters which are more simple to define
than before.

Type of used fibres, colours, twists, more complex
structures of threads which can be enriched by
bunches of fibres, additional threads and more compiex
systems allows to receive a gigantic number of struc-
tures, properties, influences of textiles. If we take into
account constantly growing a range of new fibres, their
modifications then the mention possibilities became
practically infinite. This situation considerably extended
our knowledge.

This knowledge constantly increases. Lately we ob-
serve an acceleration not only new information joined
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Fig. 6

with old times of textile production but also impetuous
increase of new textile products, their properties, func-
tions.

Nowadays these products create group of objects
which are necessary for proper functioning of people
in every places of the world. However our accustom to
a fact that textiles are generally accessible, cheap, vari-
ous and ubiquitous makes that we treat them as always
existing element and often we do not notice a very im-
portant, strategic sense of them for a single human be-
ing and for communities and countries as well.

To see this very humanistic aspect of textiles it is
enough to trace history of their creating, techniques,
symbolic and pattern-designing, relations between
them and users.

It is possible to transform well known saying of sir
Churchill that man is creating textiles and textiles influ-
ence man. It simply means that mechanical, chemical
properties of textiles, their outside forms, their physical
and visual perceiving have essential influence on our
behaviour. Our behaviour will be different when we will
be in dinner-jacket or evening dress and will be differ-
ent when we will be in uncomfortable, may be devas-
tated working dress. It will change our state of mind,
thinking. Our physical and emotional feelings will
change too. Then features of textiles affects, more or
less, on our quality of life, our decisions, behaviour,
mood. It is something like feedback which exist all the
time we have a contact with textiles.

If we agreed that textile workers using these action
are able to affect on people then it generates a need
to analyse of this phenomena to fully consciously con-
trol of it. Something of special responsibility of textiles
producers is appeared.

Nowadays we are witnesses of gigantic development
of new modified fibres, methods and types of textile fin-
ishing, add to this products new sometimes very shock-
ing features and functions, new structure, textures and
this knowledge grows very quickly. A textile product has
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its characteristic features and is able to influence hu-
man being. It can create electricity, can be therapeu-
tic, can keep or destroy injury microbes, can be very
resistant, can be antiseptic etc.

Then beyond clear and easy visible influence, for ex-
ample, visual there is also hidden, not always con-
sciously felt and inspected affect of the textiles. The
level of this force is usually no so high. In longer period
of time these changes joined with textiles influence can
be cumulated giving more visible effects. But noticing
these effects and connection of effect with causes is
difficult because of long time where these influences
exist. The various others factors affects in this period
of the time simultaneously and often they are not joined
with textiles.
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Now the question can be put. What is the level and
what type of effect which is created by initiated modifi-
cations and enriching of chemical, mechanical proper-
ties of fibres, textiles, changes in mediums and tech-
nology of textiles. Mostly positive or negative? How
many percents positive, how many percents negative?
It is very up-to-date question and it requires more pre-
cise answer.
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New and growing demands on polymeric materials cannot be satisfied in future by an assort-
ment extension of basic polymers since it is going to be very difficult for new macromolecular
compounds to establish themselves in a group of well-positioned polymers. In the other hand,
new products based on the modification of existing polymers have been fruitful areas for both
scientific and commercial developments. Our present work deals with polyamide 6 modification
with rubbers, especially with styrene-butadiene rubber. It has shown, that there is the possibility
of obtaining modified polyamide 6 using a practically non-polar modifier in the absence of other
additives at optimum processing conditions. Its thermo-oxidative stabilization is possible as well.

INTRODUCTION

Although polyamides as fibres were invented in the
later 1930s and introduces commercially in the 1940s,
they are still the most important thermoplastics base [1].
Among many major polyamide applications, the tough
life of parts is a leader in engineering polymeric mate-
rials development [2]. For this reason, our present con-
tribution deals with tough polyblends based on combi-
nations of polyamide 6 (PA 6) with elastomers,
especially with styrene-butadiene rubber (SBR).

The Choise of an Elastomer

Figure 1 shows effects of additions of different rub-
bers to PA 6 on the impact strength of polyblends as a
function of concentration. It can clearly be seen that SBR
was the most effective impact modifier in this case [3].

That is why we have aimed our work first of all at a
study of PA 6/SBR polyblends preparation. Experimen-
tal results show that there are significant differences in

-

SBR
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Fig. 1 Effect of the rubber type on the concentration dependence
of Charpy notch impact strength, a,, of PA 6 based
polyblends mixed in a Brabender Plasti-Corder at 225 °C
and 60 r.p.m. Numbers at the curves show the acrylonitrile
content inacrylonitrile copolymer (NBR) used.
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the values of material properties arising form the differ-
ent conditions of the melted blend processing [4].

Processing Conditions

An impact efficiency of SBR depends significantly on
the conditions of mixing. Wu [5] has found that there are
three basic conditions for good impact properties of
polyamide/rubber blends:

® a strong adhesion between polyamide and rubber

phases,

® a convenient size of rubber particles, and

® a spacing between two rubber particles smaller

than critical (near the particle size, i. e., about 300
nm).

These conditions can be achieved by using power-
ful shear forces during polyblend preparation, i.e., mix-
ing polymers at relatively high rotor rates and low tem-
peratures. Figure 2 shows that a polyblend mixed at

f\o\

3.
2
r——___il
0 5 10 15 20 25
t[min]

Fig. 2 Dependence of the torque, My, of a PA 6/SBR = 70/30
polyblend on the mixing time, t, in a Brabender Plasti-Corder
at: 1-210 °C, 100 r.p.m., without rubber plastication, 2-230
°C, 100 r.p.m., without rubber plastication, 3-230 °C, 50
r.p.m., 8 min rubber plastication.
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210 °C has been strained much more than that mixed
at 230 °C. Also the rate of degradation processes is
diminished at lower temperatures [4].

Powerful shear forces produce free-radicals via a
scission of macromolecular chains. Subsequently,
mechanochemical grafting takes place [6], which leads
to an increase in adhesion between rubber particles
and a polyamide matrix.

(c)

Fig. 3 SEM micrographs of the fracture surface of PA 6/SBR =
70/30 polyblends prepared in a Brabender Plasti-Corder at
100 r.p.m., and 200 °C (a), 210 °C (b), 240 °C (c ).
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Mechanical Properties of Polyblends

After mixing, ground polyblends were pre-heated at
240 to 250 °C between polytetrafluoroethylene coated
steel plates for 10 minutes and then pressed 2 minutes
in the form under a pressure of 30 MPa. Pressed plates
were cooled 3 minutes in an unheated press before
opening the form.

Charpy notch impact strength (in a Ceast Resil ap-
paratus, 5.5 model) and tensile properties (in an Instron
Universal Testing Machine, 1122 model) were meas-
ured at 23 °C. The testing methods have been fully
described before [4].

An intense mixing process results in the formation of
a sufficiently small rubber particle size, as well as a
particle spacing smaller than critical. SEM micrographs
of the fracture surfaces have shown also that the im-
pact strength values depend strongly on the degree of
distribution of rubber particles in the polyamide matrix.
Figure 3 demonstrates that the finest and most uniform
dispersion of the rubber phase in the PA 6/SBR = 70/
30 blend [Figure 3(b)] corresponds to its highest value
of Charpy impact strength shown in Figure 4, where de-
pendence of tensile strength, elongation at break and
Charpy notch impact strength on the SBR content in
polyblends prepared at optimum conditions of their
processing are shown. It is clear that by increasing the
rubber content in a polyblend, tensile strength values
decrease significantly. In the concentration range from
20 to 30 % rubber, elongation at break as well as
Charpy notch impact strength values increase signifi-
cantly [7]. Polyblends with 40 % SBR content have
properties near those of thermoplastic elastomers.
Elongation at break reached nearly 100 % and tensile
strength 60 MPa [8].

Thermo-oxidative Stability of Polyblends

Because of the low thermo-oxidative stability of both
polymers, some loss in impact strength values of
polyblends can take place in spite of the theory and can
be elucidated by an increase in the polymer blend po-
rosity [9]. That is why the next goal of our work was to
study the effects of antidegradants on the impact
strength of PA 6/SBR blends [10].

SBR has lower thermo-oxidative stability than PA 6
under used mixing conditions. For this reason, our first
step in the thermo-oxidative stabilization study was to
evaluate the effects of rubber antidegradants on the
properties of PA 6/SBR polyblends. For the same rea-
son, the concentrations of the antidegradants used
have been expressed in parts per hundred weight parts
of the rubber (phr).

Amine and 1,4-disubstituted phenylene diamine
types of rubber antidegradants are of less officiency
than imidazole, phenol, and phosphite ones in the pres-
ence of which the Charpy notch impact strength values
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Fig. 4 SBR concentration dependence of tensile strength (1), o,
elongation at break (2), ¢, and Charpy notch impact strength
(3), a,, of PA 6/SBR polyblends non-stabilized (white ex-
perimental points) and stabilized with 3 phr of the antioxi-
dant based on a liquid blend of phenyl-ethyl-phenols (black
experimental points) prepared in a Brabender Plasti-Corder
at 210°C and 100 r.p.m.

increase from 54 kJ.m™ to about 70 kJ.m™ at room
temperature. The explanation of this finding can be de-
rived from the idea that these antioxidants are effective
not only in the rubber phase but also in the polyamide
one [11-18]. It can be see from Figure 4 that the phe-
nol based antioxidant does not significantly influence
the courses of the concentration dependencies of ei-
ther of the tensile properties, but increases the Charpy
notch impact strength values at SBR concentrations 25
and especially 30% [4, 7].

CONCLUSIONS
Preparation of PA 6/SBR binary polyblends has con-
firmed that there is the possibility of obtaining tough PA

6 using a practically non-polar modifier in the absence
of other additives at optimum processing conditions.
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On the other hand, a suitable addition of rubber
antidegradants, namely based on phosphites, phenols,
and 2-mercaptobenzoimidazole, increases the impact
strength of the polyblends based on PA 6/SBR combi-
nation up to a level corresponding to the high impact
resistant types of polyamides.
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Coloured polypropylene fibres are mainly obtained by the spin-dyeing technique in which pig-
ments are added to the polymer melt during extrusion. The addition of pigments can greatly affect
the quality of the end product. This work deals with the characterisation of royal blue and dark
blue yarns, the corresponding colour concentrates and pigments. Different pigments and colour
concentrates are analysed with TGA (thermo gravimetrical analyses), DSC (differential scanning
calorimetry) and CILAS (laser particle size analyser). The colour properties of the yarns are meas-
ured with a spectrophotometer. The thermal and optical analyses of the colour concentrates and
yarns are carried out with DSC and OM (optical microscopy).

INTRODUCTION

Polypropylene fibres find major application in carpets,
thanks to the good properties (low density, good chemi-
cal resistance, good antistatic properties, availability,
price, ...) [1]. Coloured polypropylene fibres are mainly
obtained by the spin-dyeing technique in which pig-
ments are added to the polymer melt during extrusion.
The addition of pigments can greatly affect the quality
of the end product. This work deals with the characteri-
sation of royal blue and dark blue yarns, the corre-
sponding colour concentrates and pigments. Different
pigments are analysed by means of TGA (thermo gravi-
metrical analyses), DSC (differential scanning
calorimetry) and CILAS (laser particle size analyser).
The colour properties of the yarns are measured with
a spectrophotometer. The thermal and optical analyses
of the colour concentrates and yarns are carried out
with DSC and OM (optical microscopy).

MATERIALS AND METHODS

Royal blue and dark blue polypropylene yarns (2150
dtex) and their corresponding colour concentrates and
pigments are studied [2].

The properties of the used polypropylene used are
given in table 1.

Royal blue (3041) and dark blue (30293) coloured
polypropylene are analysed.

Table 1 Properties of polypropylene

M, 222 600
M, 37 900
MFI (230, 2.16) 26
MFI (290, 2.16) 87
T, (°C) 161.5
T, (°C) 116.5

These colours are obtained by a mixture of different
pigments. The colour index number of the pigments in
the different masterbatches is given in table 2. The
chemical class of the pigments is listed in table 3.

The thermal stability of titanium oxide and the blue,
red and black pigments was recorded with a Thermal
Analysis Hi-Res TGA 2950 Thermogravimetric Ana-
lyser from 30 °C till 500 °C at 10 °C/min under inert He-
atmosphere. Thermal analyses on pigments, colour
concentrates and yarns were carried out with a TA In-
strument 2920 Modulated DSC (differential scanning
calorimetry) at 10 °C/min under inert N, atmosphere.
The pigment particles were measured with a CILAS
1064 laser particle size analyser. The colour properties
of the yarns were measured with a spectrophotometer
Datacolor Data Flash 100. The colour concentrates and
yarns were optically analysed with a Nikon Optiphot
optical microscopy and processed by means of the
LUCIA Image Analysis System.

Table 2 Pigment composition of masterbatches

Royal Blue (RB) Dark Blue (DB)

PB 15:1 PB 15:1
PR 48:2 PR 57 :1
PW 6 PW 6
PBK 7 PBK 7

Table 3 Colour Index Number, chemical class of pigments and
their concentration in mono pigmented colour concen-
trates

Colour Index Chemical class % pigment

PB 15:1 Phtalocyanine (alpha) Cu cbmplex 40
PR 48:2 Monoazo Ca salt 30
PR 57:1 Monoazo Ca salt 30
PW 6 Titane dioxide 50
PBK 7 Carbon black 40
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RESULTS AND DISCUSSION

Thermogravimetric analyses

Thermographs of the different pigments are shown in
figure 1.
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Fig. 1 Thermographs of the different pigments

The blue pigment PB 15:1 is thermally stable until
400 °C. As a maximum process temperature of 235 °C
is used for the extrusion process, this pigment is per-
fectly usable under these conditions. Pigment red
PR 57:1, the Calcium salt of 6-amino-m-toluene-sul-
phonic acid and 3-hydroxy-2-naphtoic acid, shows a
weight loss of 5% at 200 °C. At 300 °C, the residual
weight is 85 %, whereas 72 % of the initial weight re-
mains at 400 °C. A further decrease is observed. A
weight reduction of 6% was measured at 200 °C for the
chlorinated pigment PR 48:2, whereas at 300 °C a
weight reduction of 13% was observed [3]. The initial
weight drop could be related to the water content of the
red pigment. A water content of 9-16% was measured
for the red pigments by Karl Fischer titration. The other
pigments have water contents of about 1 %. It is ad-
vised to dry the red pigments before processing. Tita-
nium oxide and carbon black are thermally stable up to
500 °C, as expected.
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Fig. 2 Thermographs of the different colour concentrates
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The colour concentrates of the individual pigments
were also screened on their thermal stability (see fig-
ure 2). Due to the presence of polypropylene, all col-
our concentrates degrade at about 400 °C and are less
stable than the corresponding pigments, except the red
one. The red colour concentrates is more stable than
the corresponding pigment because some weight re-
duction already occurred during processing.

Thermal analyses

Thermal transitions are analysed with DSC. No tran-
sitions between 20 and 200 °C were observed for the
pigments.

Some thermograms of the mono pigmented colour
concentrates are shown on figures 4 and 5, a detail is
given in figure 3. The first endotherm is related with
melting of the waxes. The second peak is a melting
endotherm of polypropylene. The melting enthalpy var-
ied between 40 and 64 J/g.

g
perstuie (oc)

Fig. 3 Thermogram of PB 15:1 containing colour concentrate

The endotherms of polypropylene, dark blue and
royal blue yarn reveal that all melting peaks are situated
around 162 °C. The enthalpy is between 95 and 155J/g.
The crystallinity of the blue yarns is higher than for the
polypropylene yarns e.g. 51 % versus 45 %. The
exotherms for the yarns and the corresponding mono
pigmented colour concentrates are illustrated in figures
4 and 5. Figure 6 shows the cooling curves for
polypropylene granulate and yarn. The crystallisation
temperatures of the blue yarns are situated around
128 °C, which is 8 °C higher than for the polypropylene
yarns. The enthalpy of crystallisation for the blue yarns
is about 105 J/g, for the polypropylene yarn it is 98 J/
g. A comparison between the crystallisation tempera-
tures of the dark blue and royal blue yarns and the
colour concentrates, pointed out that the blue pigment
act as nucleating agent for polypropylene. The crystal-
lisation temperatures are increased. The crystallinity of
the blue pigmented colour concentrates are decreased.
The nucleating role of the blue pigment was proven by
microscopic analyses as smaller crystallites were seen
for dark blue and royal blue polypropylene compared
with lighter colours. The pigment red PR 48:2 has a
slight nucleating role, whereas PR 57:1 shows no nu-
cleating effect. Ripke classified the nucleating effect of
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Fig. 5 Thermograms of royal blue yarn and corresponding colour concentrates

PB 15 as very high and the nucleating effect of PR 48
and 57 as very low [4]. The endotherms for second
heating show a melting peak temperature of 160 °C for
the polypropylene yarn and 163 °C for the blue yarns.
The crystallinity of the blue yarns is 6 % higher than for
the uncoloured yarn (56 versus 50 %). It can be con-
cluded that the blue yarns crystallise at a higher tem-
perature due to the nucleating role of the blue pigment
and more temperature stable crystallites are formed.

Particle size analyses

Green pigments from different companies were com-
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pared on particle size and colour strength. 100 % col-
our strength was related to pigments (from company A)
of which 90 % have a maximum particle size of 12 um.
The colour strength of the yarns decreased as the pig-
ment particle sizes increased.

Optical Microscopy

Pigmented polypropylene samples were taken out of
the extrusion process line, just after leaving the spin-
neret. These samples were first heated at a controlled
rate of 20 °C/min from 20 °C to 200 °C, held at this tem-
perature for 3 minutes and subsequently cooled down

Vidkna a textil 8 (2) 116—120 (2001)
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Fig. 6 Thermograms of polypropylene

Fig. 7 Micrographs of blue and uncoloured polypropylene

to 20 °C at 10 °C/min. The polymer films obtained were
optically analysed under polarised light. Optical micro-
graphs are shown in figure 7. The blue samples are
compared with pure polypropylene. Spherulites, with an

Fig. 8 Micrograph of blue polypropylene yarn
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average diameter of 50 um, are determined for pure
polypropylene. The crystallisation of dark blue and royal
blue polypropylene resulted in the formation of a lot of
very small crystallites due to the presence of some pig-
ments acting as nucleating agent. The crystallites are
formed at a higher temperature (see DSC results) and

Fig. 9 Micrographs of cross sections of dark blue (a) and royal
blue (b) yarn
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are much smaller than for non-pigmented poly-
propylene.

The strengthened BCF-yarns were studied in longi-
tudinal direction as well as crossways under the opti-
cal microscope. Pigment aggregates were observed,
the longest side of which is directed along the longitu-
dinal axis. Around the aggregates there is generally a
gap in the shape of an eye in the polymer matrix,
formed while drawing the fibre. Figure 8 illustrates the
presence of blue aggregates in the dark blue and royal
blue yarn. Infra red spectroscopy confirmed that the
aggregate consists of phtalocyanine blue pigments.
Few and smaller red aggregates were optically de-
tected.

Micrographs of cross sections of embedded yarns
are presented in figure 9. The dark blue yarn contains
aggregates varying from 1.5 till 6.5 um. The pigment
aggregates observed in the royal blue yarn have an av-
erage diameter of 2.5 um. The quality of dispersion is
good, since only 5 % of the pigment particles are larger
than 5 um, which is one tenth of the trilobal fibre sec-
tion [5]. Most aggregates are formed by the pigment
blue a-Cu-phtalocyanine. The pigment red has less
tendency to form aggregates.

CONCLUSIONS

Royal blue and dark blue yarns, the corresponding
colour concentrates and pigments were analysed on
their thermal, optical and colour properties.
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Thermogravimetric results show a good thermal sta-
bility for all the pigments, except the red one PR 57:1.
This could be due to the water content of this pigment.
It is advised to dry this pigment before processing.
Thermal and optical analyses indicate that the blue
phtalocyanine pigments act as nucleating agents. Their
presence leads to higher crystallisation temperatures
of polypropylene. A higher thermal stability of yarns
containing these pigments was observed. These
phtalocyanine pigments also have the tendency to form
aggregates that can lead to filter obstruction while
processing. The aggregates are also possible weak
points in the fibres. The particle size distribution of the
pigments is in agreement with the colour properties.
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Cotton is modified in pre-treatment finishing processes and its physical properties are changed.
The intensity of these changes depends upon the conditions under which processing is done. The
properties obtained are the results of changes in micro and macro structure of the cotton treated
fibres. The structural differences of the modified cotton, besides other properties, results also in
changes of electrical charge of its surface. This paper deals with the influence of scouring, bleaching
and mercerization on the electrokinetic potential of cotton fibres expressed as zeta potential. It is
measured as dependent upon the pH of the electrolyte solution, as well as upon the quantity of
surfactant added in the solution with the purpose of obtaining the point of zero charge (PZC) of

the fibre surface.

Scouring and bleaching are alkaline treatments,
where impurities and pigments are removed from the
cotton fibre, which give it yellowish and unacceptable
coloration. Pre-treatment processes should be
optimised in order to obtain proper hydrophility, optimal
whiteness degree and minimal fibre degradation.

The advantage of mercerization over some other fin-
ishing processes is multiple effects, not aimed at a sin-
gle improvement what is the case with other processes.
Mercerized cotton is distinguished by high lustre,
strength, adsorptivity, transparency, smooth handle
and lower loss of strength in high finishing.These ef-
fects can be attributed to micro and macro changes of
cellulose polymers, reflected in microstructure, mor-
phology and conformation of cellulose chains (cellulose
[ is transformed into cellulose 1l). Cellulose swells in
alkali, while its chains are shifted apart and the struc-
ture is modified. The amorphous content of the fibre is
increased, and crystalline reduced. Hydroxyl groups
are more accessible, which results in higher
adsorptivity of the mercerized cotton, as compared to
unmercerized one.

Sarko et.al., in a series of papers dealing with possi-
ble forms of cellulose conformation in mercerization,
present a mechanism of mercerization which includes
shifting and rotation of cellulose chains [1-4].

The intensity of these changes depends upon the
concentration, temperature and wetting properties of
the alkali solution used, duration of the treatment, ap-
plied tension, as well as upon construction of the cot-
ton product treated.

The modification of the mercerized cotton is reflected
in the structure changes, appearance, surface proper-
ties, accessibility of hydroxylic groups and surface
charge. Surface fibre charge is important in wet
processing of cotton, so it is important to describe elec-
tric properties of fibre surface applying electrokinetic
methods. These methods are based on four phenom-
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ena occurring as a result of relative movement of one
of the phases in the polymer/electrolyte solution sys-
tem. Electrokinetic phenomena are described using a
model of electric double layer created at the interface
fibre/electrolyte aqueous solution. Electrokinetic dou-
ble layer is characterised by its zeta potential which
offers an assessment of the nature of functional groups
of a fibre, type and number of dissociating groups,
hydrophility, fibre surface hydrophobity, as well as ion
and water adsorption from the solution used [5].

Most textile fibres are negatively charged in neutral
aqueous solutions. Electronegativity of cotton fibres
arises mostly from the presence of hydroxyl or carboxy-
lic groups. S. M. Neale who was the first described the
theory of mercerization, its importance in cotton finish-
ing, and point out different zeta potential of mercerized
and unmercerized cotton. There has been no system-
atic investigation of the influence of mercerization on
the changes of zeta potential of cotton until now. The
importance of mercerization in finishing processes, as
well as the contribution of zeta potential in understand-
ing and explaining dyeing process, adsorption, soiling
and washing, together with quality control of cellulose
in paper industry, obviously indicate the need for fur-
ther investigations in the field. Zeta potential of textile
fibres is determined applying electrokinetic methods of
streaming potential/current and electrophoresis. It is
well known that electric double layer can be created by
dissociation of ionic molecule groups and/or by varied
adsorption of cations and anions at the interface fibre/
electrolyte solution [6].

Investigations described here deal with the influence
of scouring, bleaching and mercerization on the zeta
potential of cotton. Raw cotton fibres and yarn were
mercerized, as well as bleached fibres and yarn. The
zeta potential of cotton, mercerized at various stages
was investigated, as dependent upon the pH of elec-
trolyte solution and the amount of cationic surfactant
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necessary to neutralised the negative zero charge,
called PZC (Point of Zero Charge). Zero charge in an
aqueous medium is an important condition of the fibre,
and can be expressed by two values — isoelectric point
(IEP) and Point of Zero Charge (PZC) [7]. Isoelectric
point (IEP) is associated with the pH value of the elec-
trolyte solution at which zeta potential of a textile fibre
is zero. Fibres have different and characteristic IEP, at
particular temperature and concentration of electrolyte
solution.

Point of Zero Charge (PZC) is associated with the
amount of counter-ion added to the electrolyte solution
at a constant pH, which results in zero zeta potential.
It depends upon the type of fibre processed and ion
which defines it.

EXPERIMENTAL

The influence of pre-treatment, scouring, bleaching
and mercerization process on changes of zeta
potentials of cotton fibres and yarns was investigated.
Fibres and yarns of the following characteristics were
used:

Cotton fibres

length: 28.5-29.4 mm

Micronaire: 3.8—4.2

Cotton yarns
fineness: 62.5x2 tex
310 twists/m, Z direction

Treatments
The following processes were used:
— scouring (S) following the AATCC Test Method 89-
1985
— bleaching (B) the cotton with H,O, under mild con-
ditions
— mercerization (M) of raw and bleached fibres-and
yarns in slack state, using various NaOH concentra-
tions (15%-M15, 20%-M20 and 24%-M24), as well
as yarn mercerisation under tension (24%-M24S).
Various NaOH solution concentrations in presence
awetting agent, TC Netzer MU2 (Textil Color), were
used to obtain various degrees of mercerization.
Temperature was 18 °C while the treatment lasted for
120 s. After the treatment in alkali solution, cotton was
rinsed in a warm and cold water, neutralized and
rinsed in water until neutral reaction was obtained.
Raw and raw mercerized cotton were scoured follow-
ing the above method, while the bleached and mercer-
ised were rinsed until a neutral reaction was obtained.
Itis extremely important to prepare the sample of high
purity for the purpose of zeta potential measuring. So,
raw cotton after scouring was purified in methylene
chloride, according to the DIN 54278. After purification,
samples were rinsed in deionised water, until conduc-
tivity of 24 x 102mS/m was obtained.

Methods
Zeta potential of cotton fibres and yarns was meas-
ured using Brookhaven-Paar electrokinetic analyser
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(EKA), with cells appropriate for textile fibres. The sam-
ple was placed between two electrodes (silver/silver
chloride) and electrolyte solution was forced through
the plug of fibres employing pressure. The potential dif-
ference created between the electrodes at the ends of
the plug was the streaming potential at the applied
pressure. Electrokinetic potential x was calculated from
the measured solution parameters and streaming poten-
tial Uy, following Eqn 1, or from the streaming current |,
using Helmholtz-Smoluchovsky equation (Eq. 2):

UpxLxn

= (1)
exegxQxRxAD

__ lpxbxn
CexeoxQxAp

where ¢ is electrokinetic potential (mV), U, is stream-
ing potential (mV), |, is streaming current (mA), ¢, is
permittivity of free space (Fm™) (kgm=s*A?), ¢is per-
mittivity of the test solution (Fm™) (kgm™s*A?), 5 is dy-
namic viscosity of the test solution (Pas) (kg m™'s™), Ap
is pressure difference between the inlet of the capillary

system (Pa) (Nm™) and L is capillary length (m).
Zeta potential of cotton was measured at various pH
of Tmmol/l potassium chloride and various amounts of
0

(2)
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Fig. 1 Zeta potential of raw(R), scoured (S) and bleached (B) fi-
bres against pH of 1 mmole KClI
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Fig. 2 Zeta potential of raw (R), scoured (S) and bleached (B)
yarns against pH of 1 mmole KCI
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cationic surfactant, cetylpyridinium chloride (CPC),
added to the electrolyte solution under a constant pH
value.

RESULTS AND DISCUSSION

Dependence of zeta potentials of cotton fibres and
yarns treated in pre-treatment, scouring and bleaching
processes against pH 1 mmol/l KCI can be seen in
Fig. 1 and Fig. 2.

The curves in Fig. 1 show that raw fibres have the
lowest surface charge in the whole pH range tested.
Raw fibres are hydrophobic due to the impurities that
partly cover their surface. Obvious result is absolutely
lower surface charge. These impurities are partially
removed in scouring, hydroxylic groups in cotton fibres
are more accessible, and zeta potential is thus in-
creased. Cotton fibres are bleached under mild con-
ditions, but primary cell walls are removed neverthe-
less, carboxylate groups are present, which means
further increase of charge. Pre-treatment processes,
scouring and bleaching have a serious influence on the
increase of electrokinetic potential of cotton fibres
against pH of electrolyte solution.

The influence of scouring of cotton on its zeta poten-
tial is no significant, while the bleaching process has a
definite influence (Fig. 2). Specific structure and con-
struction of the yarn, as well as steric barrier may be
possible reason of differences.

The influence of mercerization on zeta potential
changes of raw mercerized cotton fibres, as well as
zeta potential changes of bleached and bleached mer-
cerized cotton fibres can be seen in Fig. 3 and Fig. 4.

0 ——B
5 4
-10 T —a—B15
S 1
z -15
220 T —=—B20
25 +
-30 ; f f f —x—B24
0 2 4 oy 6 8 10

Fig. 4 Zeta potential of bleached (B) and mercerized (M) fibres
against pH of 1 mmole KCI
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0 2 4 6 8 10 —e—M24

pH

Fig. 3 Zeta potential of raw(R) and mercerized (M) fibres against
pH of 1 mmole KCi
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Mercerization of raw and bleached fibres definitely in-
fluences the zeta potential changes. The influence of
mercerization of raw fibres is more pronounced (Fig. 3)
than mercerization of bleached ones (Fig. 4), while the
zeta potential variations of bleached fibres are more
pronounced at pH 9 and pH 4. Generally, the influence
of mercerization of bleached fibres on the changes of
zeta potential is not significant, and the results obtained
at lower values of pH are in accordance to those ob-
tained by S. M. Neale [8].

The effects of mercerization on the zeta potential
changes of raw yarns, as well as bleached one, can
be seenin Fig. 5 and Fig 6. Raw slack mercerized yarn
(M24) exhibits higher zeta potential dependent upon
pH, while raw yarn mercerised under tension (M24S)
shows lower zeta potential than raw yarn. The differ-
ences are due to cotton structural differences and mer-
cerization effects. Yarn mercerized under tension is
more compact in its structure, the structure is closed
and more oriented in axis direction, so lower zeta po-
tential is rightfully expected. Zeta potential differences
among various degrees of mercerization (M15, M20
and M24) are more pronounced for yarns (Fig. 5) than
for fibres (Fig. 3). It can be attributed to additional pu-
rification of cotton yarn in mercerization.

There is no significant influence of mercerization on
changes in zeta potential of bleached yarns (Fig. 6),
and the results are in accordance with those obtained
for bleached mercerized fibres (Fig. 4). Bleached yarn
mercerized under tension exhibits lower zeta potential,
the explanation being the same as for raw yarn mer-
cerized under tension.

0 ——R
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Fig. 5 Zeta potential of raw (R) and mercerized (M) yarns against
pH of 1 mmole KCI
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Fig. 6 Zeta potential of bleached (B) and mercerized (M) yarns
against pH of 1 mmole KCl
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Table 1 PZC of raw (R), scoured (S) and bleached (B) fibres

and yarns
CPC (ug/ml)
Treatment fibres yarn
R 94.08 111.00
S 78.03 84.21
B 68.37 70.03

Table 2 PZC of raw (R) and raw mercerized (M) fibres and

yarns
CPC (ug/mi)
Treatment fibres yarn
R 94.08 111.00
M15 68.00 79.97
M20 67.53 76.61
M24 68.75 77.67
M24s - 67.66

Table 3 PZC of bleached (B) and bleached mercerized (M)
fibres and yarns

CPC (ug/mi)
Treatment fibres yarn
B 68.37 70.03
M15 59.08 62.75
M20 62.3 59.98
M24 60.03 57.67
M24S - 57.41

The influence of pre-treatment on zeta potential
changes of raw, scoured, bleached and mercerized fi-
bres and yarns, as dependent upon the amount of CPC
in electrolyte solution, at pH 8, can be seen in Tables
1-3. The amount of CPC necessary to neutralise nega-
tive surface charge of raw and bleached fibres is the
same for raw and bleached yarns.

Hydrophobic raw fibres and yarns need the highest
amount of cationic surfactant, CPC, to reach the point
of zero charge. Scoured cotton reduces the amount
CPC by some 20%, and bleaching by around 35%
(Tab. 1).

More open structure of cotton fibres in scouring,
bleaching and mercerisation makes better purification
and lower amount of CPC necessary to neutralise
negative surface charge, as compared to cotton yarn.
The amount of CPC necessary to neutralize negative
surface charge is directly related to the degree of
hydrophility.
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Fig. 7 Zeta potential of raw, scoured, bleached and mercerized
yarns against amount of CPC in 1 mmole/l KCI at pH 8
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Mercerization of raw and bleached fibres and yarns
reduces the amount of CPC needed to reach the PZC.
The fact has not been clearly established until now, and
we consider it to be a significant contribution to the field
of textile surface charge [9].

It also clearly confirms the fact that additional purifi-
cation of cotton occurs during mercerisation. The
amount of CPC for the cotton mercerized (M15, M20
and M24) is approximately the same, as real merceri-
zation takes place in this range of alkali concentrations
(cellulose | is transformed into cellulose I1). Merceriza-
tion of yarn under tension (M24S), as compared to
slack mercerization (M24), reduces the amount of CPC
necessary to reach the PZC. This again indicates dif-
ferent effects due to changes in micro and macro struc-
ture of the fibres in mercerization.

CONCLUSIONS

Pre-treatment processes have a considerable influ-
ence on zeta potential of cotton. Raw cotton exhibits
lower zeta potential due to impurities covering hydroxyl
cellulose groups. Scouring increases zeta potential of
cotton, as impurities are partially removed and acces-
sibility of hydroxyl group is thus improved.

In the bleaching process raw cotton is treated by
oxidative agents, causing improved purity and
hydrophility and its zeta potential is increased as com-
pared to raw one.

The changes in structure are greatly dependent on
the treatment conditions. Slack mercerization rises zeta
potential of cotton, while mercerization under tension
tends to reduce it. It can be attributed to higher degree
of fibre orientation, more closed and compact structure
of the cotton mercerized under tension, as compared
to the structure of slack mercerised cotton.

Pre-treated cotton posses higher hydrophility, the
amount of CPC is reduced in order to reach the PZC
of cotton what means that PZC is directly related to
hydrophility of the material.

Bleaching and mercerization tend to lower the PZC of
cotton. The influence of bleaching yarn has been more
widely studied than the influence of bleaching loose fibres.

Results presented indicate that alkali treatments re-
duce the amount of surfactant necessary to reach point
of zero charge on the surface of cotton materials.
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MODELING OF MASSTRANSFERE PROCESSES
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Comfortability is a key parameter of modern clothes.
Heat and steam transport through the textile layers of
clothing are the main physical processes occurring dur-
ing clothing use. The main exchange between the un-
derwear layer and environment is carried out due to
presence of large number of pores. Those processes
are similar to processes of fluid (gas, liquid or their mix-
ture) filtration in the porous medium. The real textile
materials have the certain structure with large number
of defects and infringements of the ideal order in fibers
disposition. For simplification, we shall consider textile
material as a rectangular parallelepiped with sides H,
L, / (L>>]) and the volume V= A/, where A is the area
A =H.L, /-the thickness. Complete porosity m of such
objects is:

m = Vg /V =V /Al (1)

where V,, — pore volumes, filled by fluid.

Let's enter the model of isothermal fluid filtration
through textile material. Objectively, this model should
display fiuid configuration in all kinds of pores. The main
idea of the model consists in splitting the thickness of
textile material on some number of plane-paraliel
sublayers with the thickness d (on the Fig.1, for exam-
ple, two such sublayers shown).

When modeling the fluid transport through textile ma-
terial, we can consider it as a regular sieve with the ef-
fective pore having cross section area

8A ~ d? [m?] )

This assumption (2) , alongside with an independent
estimation of porosity m (1), gives quite reliable repre-
sentation about the effective pore number (N /A) and
their general area per surface unit of textile material:

R

e

Fig. 1 The model of isothermal fluid filtration through textile
material.
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m = (NJA)dA = (NJA)d? (3)

Two required parameters — N, and d connect ap-
proximately by experimentally determined values of A
and:

N, ~ (A/7)(1/d) (4)

By setting d — the basic structural parameter of tex-
tile material, it is possible to estimate N,, then to estab-
lish a part of an open surface m in the unit of area of
textile material, and to compare it with other independ-
ent porosity estimation.

The correctness of offered rations can be confirmed,
comparing their prediction with known estimations of
permeability K for regular models, Kozeny model first
of all:

K = Cm¥S? [m? (5)

where S [m'] — specific surface, equal to the ratio of an
internal surface to general volume V, C — Cozeni con-
stant, dependent only from the form of capillary sec-
tion — C = 0,5 for circular section, C = 0,5619 for the
square section.

Our model of isothermal fluid filtration through textile
material with plant- parallel layers predict many com-
binations (fig. 2), in which combination of cubic pores
while displacement of one layer about another layer
make possibility to give effective pores in the form of
Laval's nozzle.

Nn=2_3,....

N N AN

Fig. 2 Possible combinations of effective cubic pores arrangement
in some neighbouring plant- parallel layers of textile mate-
rial.

Thus, the developed approach is suitable for
modeling as fabrics, and nonwowen materials. In the
first case there is a certain regularity of structure of the
threads, and, accordingly, of pore displacement. In the
second case such regularity is absent, and even in this,
more complete case, the model appears very useful,
allowing to display any degree of randomness in fibers
and pore arrangement inside textile material.
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The paper deals with the modification of synthetic fibers by polymeric additives. It has become
apparent that chemical and physical interactions between modified polymer and additive are very
important in the structure of the fiber-forming blend formation and have strong influence on its
processability and properties of fibers. The significant influence of the blend structure on the
processability during spinning and drawing of fibers and also on the properties of blend fibers has
become a background for the elaboration and application of the rheological relations being valid
for the polymer dispersion as a whole (macrorheology) and for the behavior of the dispersion
phase in the mixing and deformation processes (microrheology) in shear and elongation condi-
tions. With regard to that the first part of the contribution is devoted to role of rheology in blend
fibre formation based on commercial polymers which have the greatest possibilities of exploita-
tion.

The color concentrates as additives for colouring mainly synthetic fibers prepared by spinning
from the melt are produced in large volumes, especially for polypropylene and, to a lesser extent,
for polyester and polyamide fibers. With regard to their significance, they are an object for the
further part of the contribution submitted. Here, attention is paid on miscibility of the concentrate
with a colored polymer.

The contribution deals also with the influence of modification on the supermolecular and mor-
phological structure and properties of fibres. In the paper some our experimental results are

presented.

1. INTRODUCTION

According to the former, well-developed concept of
fiber-fiber blending the conventional chemical or natu-
ral fibers are mixed into a product to obtain the combina-
tions of individual material properties. However, if poly-
mer-polymer blends comprise the individual filaments,
they are referred to as blend fibers. Basically, blend fibers
are best suited when each fiber has the desired charac-
teristics, whereas fiber blends are more appropriate only
when the product as a whole has the required properties.

At the beginning, the fibers from polymer blends were
used in a very promising procedure to obtain unlimited
possibilities to change the basic properties of chemical
fibers. In fact, many polymer blends were applied in the
fiber preparation process on the industrial scale. Some
of them are applied in the mass production such as
pigmenting the fiber by pigment concentrates. Other
blends are used for special fibers such as polypropy-
lene-polyethylene ones and another blends.

Taking into account the knowledge and experience
of rubber blends development, the spinning of fiber-
forming polymer blends was accomplished a short
time after starting the commercial fiber production in
the fifties. Initially, at least two targets were followed
during the modification of chemical fibers by polymeric
additives [1]:

a) Economic profit in the case when cheaper fiber-
forming polymers (polyolefines) are mixed in the
melt with more expensive ones (polyester, polya-
mide) before spinning without any decrease of the
basic fiber end-use properties.
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b) Anticipating the new properties of blend fibers in
comparison with the fiber properties of pure
homopolymers.

However, it was gradually found out that economic
advantages resulting from cheaper polymer additives
are negligible because of technological requirements
for the mixing process and spinning of blend fibers.

The older patent literature reviews provide further
principal modified chemical fiber properties as follows:
improvement of dyeability, creating new, differentially
dyed fibers, decrease of the dirtiness of fibers, de-
crease of electrical charge, improvement of water sorp-
tion properties, increase of elastic modulus, positive
changes of the stress-strain dependence, increase of
the thermal stability (light stability), improvement of fiber
texturing, decrease of flammability, improvement of
spinability at a high speed of spinning and replacement
of the polymers [2,3].

The first PA66/PET and PA6/PET fiber-forming
blends with a higher portion of the PET component (up
to 3040 %), which were characterized by the research
and commercial background, laid the foundation for de-
velopment of the wide scale of fiber-forming blends
from other polymer pairs. A high portion of PET in the
PA fibers positively influences the initial modulus of PA
industrial fibers at room, but mainly at a higher tempera-
ture [4].

Besides PA/PET fibers the other blend fibers on the
basis of polyamide and polyethylene, polypropylene,
polystyrene, polyformaldehyde, and polyethyleneoxide
were intensively investigated. The PA/Polyolefine fiber-
forming blends were oriented to splitted fibers and foils
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owing to a very low adhesion between components [5].
After the extraction of PA/PS fibers in the organic sol-
vent (benzene) at 75 °C, PAG fibers have a higher po-
rosity without any decrease of the mechanical proper-
ties. Other fiber-forming blends are used for fibers with
an improved dyeability (polyester or polypropylene
fibers) and a decreased electrostatic charge, and for
the splitting of fibers or foils [6,7].

In general, modification of the fiber-forming polymers
by polymeric additives leads to the preparation of fibers
having the character of oriented polymer blends al-
ready at a low concentration of the modifier. Polymer
blends are defined as mixtures of at least two
macromolecular substances, polymers or copolymers,
in which the concentration of each polymeric ingredi-
ent is above 2 wt. % [8]. In the last fifties, an innumer-
able amount of polymer blends have been presented
in both the scientific and patent literature. The miscibility
and compatibility of polymer components and their role
in the blend fibers formation were an objective of these
works.

Nowadays, an access to polymer blends in the fiber
production is very realistic because only a very small
part of them have found their exploitation. In spite of many
positive properties, blend fibers belong to a group of spe-
cial fiber types, with regard to the volume production.

2. MISCIBILITY AND COMPATIBILITY
OF POLYMER COMPONENTS

The compatibility of the polymer with an additive can
often play a decisive role in the physical modification
of the fiber-forming polymer and has a direct influence
on the modified properties, e.g. the surface tension at
the interface of the polymer blend is inversly propor-
tional to the dispersion degree of the dispersed phase
particles and directly proportional to their coalescence
[9].

Considering the development in the last years, sev-
eral concepts have been suggested for evaluation and
predicting the mutual miscibility of polymers. The most
commonly used expression for the free energy of mix-
ing of two polymers [10] per unit volume, AG,, is the
Flory-Huggins-Staverman form, containing interaction
parameter y,, as quantity for expression of the mutual
interactions of polymers [11].

From the experimental point of view, it is not neces-
sary to evaluate some uneasily available quantities,
such as mixing enthalpy, interaction parameters, etc.
in the modification process. The semiquantitative ex-
pression by terms of the technological compatibility is
often sufficient for correlation with modified properties.
It can be expressed, e.g. by a deviation of some experi-
mental parameters from additive values such as the
viscosity [12], or mechanical properties [13] and other.

This deviation can be described as follows'?*:

Vldkna a textil 8 (2) 126~134 (2001)

Al = (Mexp — Nad)/ (N1 — M2) (1)

where n.,, and n,4 are the experimentally determined
viscosity and/or the calculated additive value; n; and ),
are viscosities of the blend forming components.

A symmetric mixture rule for the viscosity of two im-
miscible components was derived by the Okoroafor et
al.[12]. The rule provides a positive deviation for
a blend with a disperse phase viscosity (ng) higher than
that of the polymer matrix (n,) and with the much
higher viscosity of the interface layer (1). A negative
deviation can be expected when the interface has
a much lower viscosity than the dispersed phase and
the matrix in the blend.

3. MACRORHEOLOGY AND MICRORHEOLOGY
OF POLYMER BLENDS

The rheological behavior of polymer blend in melt is
determined by properties of the components, compo-
sition of the blend, size and orientation of deformed par-
ticles in the dispersed phase and by their mutual inter-
actions. The two levels of rheology can be considered
in the shear or in the elongation flow: a) macrorheology
connected with the rheological behavior of the whole
dispersion, its viscosity, elasticity and b) microrheology
concerning the deformation of dispersed particles, their
shape, fracture and orientation in flow conditions. The
morphology of dispersion and the macrorheological
behavior of blends are significantly influenced by
microrheological phenomena [14].

Rheological conditions in the mixing process

Fiber-forming polymer blends are prepared on the in-
dustrial scale by mixing their components in the melt or
in solution. Since the phase structure is effected by so
many variables, it seems impossible to find an experi-
mental arrangement for the exact evaluation of the in-
fluence of individual factors on the blend morphology.
Itis known that general rules for predicting the depend-
ence of the phase structure on blend composition and
mixing conditions have not been found yet [15]. Some
rules formulated by various authors are not often in
agreement with each other [16]. In any case, the con-
siderable influence of rheological properties of both
components and blends on the morphology of polymer
blends and blend fibers has been shown.

In the analysis of the flow in extruders the Newtonian
and isothermal flow-field is usually considered. The
Newton’s law (2a) for the shear flow, (2b) for the
extensional flow and Ostwald de Waele power law (2c)
are most often used for describing the rheological
behavior of the polymer melt as follows:

T2 =Ny (@), T2 = Meye (B), T2 =ky"(C) (2)

where 1, ~ shear stress, 1,,~ axial tension, n — dy-
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namic viscosity, ng —elongation viscosity, y — shear rate,
e — elongation gradient, k — coefficient, n — pseudo-
plasticity coefficient.

For the expression of elastic properties of the melt the
first normal stress difference and second normal stress
difference can be used [17].

The mixing and homogeneizing process of polymer
components is realized under the shear stress. The
process of polymer mixing in conditions of the laminar
flow can be studied using a simple model. According to
the three-layer model the shear stress, 1, and the shear
rate in the second layer (in the dispersed phase, if the
first and third layers represent a polymer matrix) can be
expressed by following equations [18]:

T =T1Y1 = N2.Y2 = N3.Ys 3

where 1, — shear rate and n; — viscosity in layer 1, 2, 3.
For the shear rate in the second layer can be written:

v2 = (VH).[(K = 2h)/H + (2h/H).(nom )" (4)

where H is a distance between borders of the layers 1
and 3, h — thickness of the layer 1 (equal to the layer
3), v — speed of the upper border, speed of the lower
border v = 0, n, — viscosity of layers 1 and 3 (matrix), n,
— viscosity of the layer 2 (dispersed phase), K = no/n;.

If the viscosity of the dispersed polymer is much
more higher than that of the matrix, then the shear rate
Y2 is close to zero and the conditions for the mixing
process are not suitable. In the opposite case, if the vis-
cosity of the matrix is much more higher than that of the
dispersed phase, the maximum of the shear rate y, is
achieved [y, = v/(H — 2h)] and the conditions for mix-
ing are more convenient.

A three-layer model shows that during deformation of
the polymer melt a shear gradient in the dispersed
phase depends on the viscosity ratio K of the dispersed
phase 1, and matrix n,. The viscosity ratio K is a very
important parameter influencing the kinetics of mixing.
At 1y = 1, (K = 1), the dispersed polymer and matrix
deform to the same degree, which promotes the fiber
formation and partial breaking of the dispersed phase
[19]. The deviation of K from the unity causes
a different degree of the deformation of mixture com-
ponents.

In addition, both the deformation and break-up of
droplets and their coalescence need a certain time to
occur. If the break-up and coalescence of droplets need
the longer time than allowed by the residence time of
droplets in the position differing substantially in stress,
the phase structure will be homogeneous throughout
the whole volume of the extruder. In opposite condi-
tions, the size of droplets will depend on their position
in the extruder even if the steady state is reached. The
presence of the compatibiliser suppresses the coales-
cence of droplets due to a decrease in the interfacial
tension and mobility of the interface [20].

The relations show that decreasing of the dispersed
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phase viscosity considerably supports its deformation
in a matrix. Moreover, the mixing process is positively
influenced by interactions of the compatibiliser at the
interface of components. Spherical particles of the dis-
persed phase are deformed under shear conditions into
fibrils which are decomposed into smaller droplets as
a result of surface forces and accumulated elastic en-
ergy. Subsequently, a deformation process repeats.
The surface energy of the system increases, while
a coalescence occurs during particle collisions.
A balance between the dispersion and the coalescence
process in shear conditions results in the formation of
the dispersed phase particles in the shape of the de-
formed fibrils with a relatively low size of distribution.

Microrheology of polymer dispersion

The polyfibrillar morphology of “matrix — fibrils” and
“sea-island” types are characteristic for blend fibers. In
first case the dispersed phase forms microfibrils in the
polymer matrix. The polyfibrillar fiber structure is formed
under conditions of a dispersed droplets flow in the
polymer medium during the mixing and extrusion of the
blend melt through the spinneret. The stresses arising
in the blend tend to deform and orient a droplet. This
process can continue at elongation of the polymer
stream in a spinning line or at the drawing of fibers.
According to Taylor’s theory, the pressure difference
between the inside and outside of the droplets (AP) is
responsible for their deformation [21]. If ¢ is the drop-
let deformation, € = (L — B)/(L + B), where L and B are,
the major and minor axes of the deformed droplet, un-
der equilibrium conditions the axial deformation of the
droplet is given by the next relations:

€ = 5/(4K) for K=>1 and Ca<1 (a)
¢ = Ca(19K+16)/(16K+16) for K <1 and Ca>1 (b) (5)

where, K = ny/n;, 1y is the viscosity of matrix and n, of
the dispersed phase, Ca is the Capillary, (Weber)
number Ca = 2n;.y.ffo, v is the shear rate, ¢ is the in-
terface tension and r is the radius of the undeformed
droplet.

The similar expression was derived for the
extensional (E) flow:

ge(t) = 3/2Cag[(19K+16)/(16K+16)].[1 — e'92%¢2 1] (6)

where Cag = nye Ifo, and vye is elongation gradient of
deformation.

The length of fibrils of the deformed droplet depends
not only on the deformation and orientation of the poly-
mer blend but also on the break-up of the droplet. Par-
ticles of dispersed phase increase an instability of
extensional flow and support the phenomena of elas-
tic turbulence in spinning line [19].

If the elasticity of the polymer melt is taken into ac-
count, the droplet deformation is determined in addition
by the three dimensionless criterions, besides the
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capillary number Ca and the v[scosity ratio K, also by
the reduced deformation time t [15, 22}:

t = t.y/Ca (7)

where t — deformation time.

In the steady-state shear flow for 0.001 > K> 3.8 the
droplets can deform but not break. In the elongation
flow, this limitation has not been strictly observed. Many
authors confirmed the broad minimum of the depend-
ence of ¢, (critical deformation) on the K ratio (g, = 0.6),
at the range of values K = 0.1-1.0. Different authors
give different data on the theoretical limit [23]. For the
elongation flow ¢, = 0.2 at the higher viscosity ratio K =
1-5. According to work [19, 24], four types of the drop-
lets fracture of the Newtonian fluid appear. If K < 0.2,
the droplets become S-shaped and smaller droplets
break away from their ends; if K> 0.2, the droplets are
generated from one center and one drop is divided into
several small droplets; if K < 2, the droplets extend into
long cylinders and fall into many small droplets, and fi-
nally if K > 2, the fracture does not appear and the drop-
lets become deformed and oriented. If one or both poly-
mers exhibit some viscoelastic properties, the break-up
mechanism of the fibrils may be different [19].

4. EXPERIMENTAL RESULTS AND DISCUSSION

4.1 Polyolefine blend fibers

The bliend polypropylene (PP) — branched poly-
ethylene (LDPE) fibres using PP with Melt flow index
(MFI) = 27 g/10 min. and LDPE with MFI = 20, 70 and
200 g/10 min. were prepared. Despite a very similar
chemical composition of the PP and LDPE, the nega-
tive deviations of the experimental melt viscosity from
additive values were observed in dependence on the
blend composition and also at various molecular
weights of LDPE (Fig. 1). The minimum deviation of the
curves of viscosity ranging within 30—60 wt. % of LDPE
is connected with the phase inversion. The power law

0,40
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-0,40

-0,60
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Fig. 1 Relative deviation of experimental viscosity of PP/LDPE
from aditive values at 230 °C. 1 — LDPE 20; 2 - LDPE 70;
3 — LDPE 200
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Fig. 2 Deviation of melt viscosity of PP/PET blend 3 — with
compatibilizer, 2 —without compatibilizer and PP/PVA(G) (1)
from aditive values at 230 °C
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index rises with the LDPE content in the blend and with
the LDPE content above 70 % and its values are close
to the LDPE index. In any case, the rheological meas-
urements reveal that the properties of individual com-
ponents in the melt, i.e. the properties of both PP and
LDPE, are significantly manifested. However, the low-
molecular LDPE (MFI = 200 g/10 min) considerably
decreases the melt viscosity of PP and improves the
flow properties of the blend. Dependence of the viscos-
ity versus content of the LDPE with a high molecular
weight (MFI = 20 g/10 min) is S-shaped and the rela-
tive deviation of experimental viscosity from additive
values increases in comparison with the low-molecu-
lar LDPE. Qualitative evaluation of the spinning proc-
ess reveals good processing properties of PP-LDPE
SA 200 (MFI = 200 g/10 min) at the range of 70-80 %
of the “nonfiber-forming” LDPE. The dispersed PP in
the LDPE matrix forms long microfibrils and thus the
blend fibers have a polyfibrillar structure. In comparison
with this, more stable spinning of the PP-high molecu-
lar LDPE (MFI = 20 g/10 min) blend was observed at
a lower concentration of LDPE (about 30 %).

The tenacity of blend fibers decreases proportionally
to the LDPE content, but the positive deviation from the
additive value can be indicated at 20-30 % of LDPE
and at 50-70 % of LDPE in PP (Table 1). The minimum
tenacity and elongation of blend fibers at 30—40 % of
LDPE results from the concentration range of the phase
inversion. The negative deviation from the additive te-
nacity of blend PP/PE fibers at a lower content of LDPE
and close to additive values above 50 % of high mo-
lecular LDPE were observed.

In the PP /| HDPE, (high density polyethylene) blend
preparation it becomes apparent that the PP (70 %)/PE
(30 %) blend produces during processing the highest
quality parameters of fibers. This composition has con-
siderably thermodynamic stability which in turn trans-
lates into the excellent dimensional stability, a high
degree of the crimp stability and a low shrinkage. The
tenacity of PP/HDPE blend fibers exhibits the negative
deviation from the additive value within the whole con-
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Table 1 Mechanical properties and unevenness of PP/LDPE fibres

T - tenacity [cN/dtex], E — elongation [%], d — diameter [mm], D — diameter CV [%]

Ciore PP-LDPE SA 200 PP-LDPE SA 70 PP-LDPE SA 20
% T E d D T E d D T E d D
0 2.05 37.9 - 2.05 37.9 - - 2.05 37.9 - -
10 - - - - 1.74 80.7 3341 5.1 1.84 123.3 36.4 8.1
20 - - - 1.49 122.3 32.9 6.1 1.61 123.7 32.4 4.6
30 - - - - - - - - 1.49 115.8 389 43
40 - - - - 1.44 131.5 36.4 58 1.19 31.0 35.6 8.3
50 - - - - 1.40 128.3 36.0 33 1.27 245 37.8 6.6
60 1.08 27.2 337 2.8 1.13 85.5 34.6 3.9 0.91 32.7 34.9 3.8
70 1.18 60.3 33.9 4.2 1.01 84.0 35.3 3.2 - - - -
80 0.78 92.7 37.4 4.2 0.79 68.3 35.5 5.2 - - - -
90 0.45 98.8 37.9 2.6 0.66 50.5 35.9 6.7 - - - -
100 0.19 125.0 40.7 7.8 0.48 55.0 41.5 4.0 0.52 50.0 - -

centration range. However, it is necessary to realize
that there is approximately the three times higher te-
nacity of HDPE compared with LDPE. The elongation
of both PP/LDPE and PP/HDPE blend fibers increases
and culminates at 40-60 % of PE in PP [25, 26].
Other very important aspects in assessing PP/PE
polymer blend fibers are their remarkable softness and
thermobonding properties. For nonwovens from PP
fibers the highest webstability was found between 142
and 147 °C. A wider temperature range (127-149 °C)
for thermobonding was observed for PP/HDPE (50/50)
blend fibers with a considerably higher tensile strength
(about 30 %) in the machinery direction (MD) [25].

4.2 Polyamide blend fibers

Besides PA6 and PA66, most of alifatic homopoly-
amides and copolyamides are not used for the fiber
manufacturing on the industrial scale but they are more
applied for the production of specialties. Special poly-
amides such as PA4.6, PA6.10 and PA6.12 and some
copolyamides of the g-caprolactame may serve for the
fiber-forming blend formation and blend fiber produc-
tion with the improvement of the PA6 and PA66 fiber
properties involving sorption activity, improved
dyeability and electrical conductivity [27].

The influence of some copolyamides on sorption and
on the electric properties of PA6 fibers is presented in
[28]. The copolyamides were prepared on the basis of
g-caprolactam and salts of adipic acid or sebacic acid
with hexamethylene diamine and 1-(2-aminomethyl)-
piperazine or 1,4-bis(3-aminopropyl)piperazine [27],
and also with polyamide urea [28]. The copolyamides
added to PA6 in the amount of 10-70 wt % and the
fibers made of them have a lower electrical charge,
higher sorption of water and improved elastic proper-
ties in comparison with pure PAG6 fibers. The higher
amount of the nylon salts in the copolyamide causes
that the better electrostatic properties and the sorption
of water by blend fibers are observed. A higher con-
tent of the nylon salts in copolyamides also increases
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the water sorption to 6.7 wt % at 65 % of RH. The
tensile strength of blend fibers is generally lower than
that of PAG. It is interesting that with above 15 wt. %
of copolyamides in PA6 the tensile strength of blend
fibers increases in comparison with a lower concentra-
tion of additive.

4.3 Polypropylene - polyester blend fibers

Most of the PP-polyester fiber-forming blends contain
a low concentration of the dispersed phase because of
the clear immiscibility of the component. The blends
comprising more than 10 wt. % of the other compo-
nents should be compatibilized. Adhesion bonds at the
interface of PP-polyester are weak and without
compatibilizing the blend, the insufficient mechanical
properties and fibrillation of fibers can be observed.

The reactive and non-reactive compatibilizers for
polypropylene and polyester blends can be used for im-
proving the mutual interaction at the interface. The re-
active graft copolymer, polypropylene-maleic anhydride
(PP-g-MAN), was used with the small efficiency. Much
better results in the processing of PP/PET fibers are
provided by reactive compatibilisers on the basis of 2-
4(alkoxyfenyl)oxazoline [27]. However, using the reac-
tive additive in the fiber preparation the inhomogene-
ity of polymer melts increases and can lead also to the
branched and cross-linked structure of polymers un-
suitable for fiber spinning.

Some additives such as compatibilizers and plasticiz-
ers in the PP/PET fiber preparation were used in ex-
perimental work. The commercial PP with MFI = 13 g/
10 min and PET with intrinsic viscosity, IV = 0.5 Lg in
phenol tetrachlorethane 1:3 were used for the prepa-
ration of blend fibers. The positive effect of ethylene
distearamide (EDSA), copolymeres of poly(ethylene-vi-
nyl alcohol) and poly(ethylene-vinylacetate) on com-
patibility of components and fiber preparation was
found.

The influence of EDSA on the compatibility of PP and
PET was investigated on the basis of the deviation of
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Fig. 3 Cross section (a) and polyfibrillar structure of PP-PET

experimental viscosity of the mixture from the additive
viscosity. It has been shown that the PP/PET blend
behaves as an incompatible system with a negative
deviation of viscosity. The increase of viscosity above
additive values by a compatibilizer (EDSA) results in
the pseudocompatible PP/PET system (Fig. 2). The se-
lected modification procedure reduces a viscosity of the
polyester component, which leads to the improvement
of compatibility of the components in the blend. Moreo-
ver, the mixing process is positively influenced by an
interaction of the compatibiliser at the interface of com-
ponents, which can result in the increase of adhesion
bonds. Despite the much lower PET viscosity as a dis-
persed phase, the spherical particles are deformed un-
der shear conditions into long fibrils with a relatively

cooo

g6 1¢

blend fibres after matrix disolution (b) content of PET-10%

low-size distribution (Fig. 3)

The standard tenacity is characteristic for blend PP/
PET fibers compatibilised by EDSA. The tenacity de-
creases with a higher additive content in PP. The fiber
elongation is relatively high and slowly decreases with the
PET concentration. In spite of lower tenacity the elastic-
ity of blend fiber increases proportionally to the content
of the polymer additive. The positive effect is observed
in the elasticity efficiency of fibers (Table 2, 3).

The polypropylene fibers modified by a polyester ad-
ditive up to 10—15 wt. % have an excellent dye uptake
of disperse dyes. The color strength of modified fibers
is 5-10 times higher in comparison with unmodified
fibers. The dyed blend PP/PET fibers provide a good
fastness to rubbing and washing.

Table 2 Mechanical properties of PP/PET blend fibres after 30 min annealing at 100 °C.
Rubin SE RDL and Blau SE RDL (Bezema, Co.), dyeing 2 %, T = 100 °C

Coer Tenacity Elongation Elasticity at 50 % tenacity . Diameter Dye'ability, K/S
[%] [cN/dtex] %] £ €0t Eel CV, [%] Rubin Blau
[%] [%] [%] ' SE RDL SE RDL
0 222 27.0 7.4 6.2 83.9 71 25 7.0
5 1.98 271 8.2 71 86.6 8.3 26.2 24.5
10 1.96 29.4 8.6 7.6 88.9 1.2 31.2 26.5
15 1.95 27.3 7.3 6.6 89.7 71 31.8 28.0
100 1.55 19.3 8.0 7.0 87.5 - - -
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Table 3 Power law index and viscosity of polymer and polymeric additives at 270°C
ESDA - 1,2-ethylene steardiamide, PEVOH — copolymer of ethylene and vinyl alcohol,
PEVACc - copolymer of ethylene and vinyl acetate, 0.2 % dyeing of blend fibres

PP and
Power additive PP/(PET Additives) blend fibres
S. PP and PET Additive law viscosity
composition index hg10o Tenacity Elong. Dyeability K/S
n [Pa.s] [cN/dtex] [%] Rubin Gelb
SERDL SERDL
1 PP TI 922 0.56 83.5 39 72,5 0.16 0.03
2 PET 0.59 42.6 27 94.2 5.27 3.95
3 PET/PBT (1:1) 0.56 321 - - - -
4 PET/1.5%ESDA 0.70 15.9 3.1 94.5 5.02 6.00
5 90%PET/10%PP/1%ESDA 0.57 29.9 - - - -
6 80%PET/20%PP/1%ESDA 0.52 424 36 103.7 5.13 414
7 70%PET/30%PP/1%ESDA 0.55 35.6 - - - -
8 95%PET/5%PEVOH 0.62 14.9 3.1 95.1 4.32 6.35
9 90%PET/10%PEVOH 0.70 10.7 34 95.3 4.82 8.73
10 80%PET/20%/PEVOH 0.66 12.9 29 84.1 4.15 9.12
11 70%PET/30%PEVOH 0.61 171 - - - -
12 80%PET/20%PEVAc 0.66 19.3 34 98.3 3.75 8.84
13 70%PET/30%PEVAc 0.53 34.9 3.3 95.2 5.18 5.92

4.4 Polypropylene-polyamide blend fibers

Madification of the fiber-forming PP by polycapro-
amide in dependence on its content can improve some
properties of polypropylene, such as an increase of the
sorption of humidity, a decrease of the electrical charge
at a lower concentration up to 7 % [29] and the im-
provement of elastic properties and dyeability by dis-
perse dyestuffs at a higher content up to 30 wt. %. The
PP was blended mainly with PA6 and PA66 and other
polyamides such as PA12 [30].

Some ionomers, mainly the polyolefine — acrylic acid
or maleic anhydride copolymer, such as polypropylene
grafted by maleic anhydride (PP-g-MAN), are often
used to improve the adhesion between PP and PA.
Using the FT-IR spectroscopy, it has recently been
found that during melting a chemical reaction occurs
between the maleic anhydride units and the —-NH, end
groups of PAG6 chains [30]. The chemical interaction at
the interface of PP/PA leads to the significantly higher
tension in a spinning line, mainly if the concentration of
the dispersed phase exceeds 30 wt. %. This means
that the PP matrix is oriented under the spinneret much
more than unmodified filaments and the speed of crys-
tallization is higher with regard to the orientation effect.
These phenomena were confirmed by the birefringence
and X-ray diffraction analysis [30]. The positive effect
of the compatibiliser was detected in the increase of the
tenacity of blend fibers and in the decrease of elonga-
tion at break. At the higher content of PA6 in PP the im-
provement of recovery properties and exhaust
dyeability by disperse dyes was ascertained.

4.5 Polypropylene — polyvinylalcohol blend fibers
The blend PP/PVA fibers (PP — MFI = 27.5 g/10 min
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and PVA Mowiol 8-88 with 88 % of OH-groups) were
prepared in two steps: the preparation of the modified
PVA blend with polypropylene and the melting and
spinning of the blend.

The PVA Mowiol 88 displays unfavorable flow prop-
erties and does not form the fiber-forming system in the
mixture with PP. The glycerol as a plasticizer in PVA
causes a significant decrease of the polymer melt vis-
cosity, which corresponds to the polypropylene level at
30 wt % of glycerol in PVA. Despite approximately the
same viscosity of the PVA (70 %)/glycerol (30 %) mix-
ture (PVA(G)) compared with polypropylene, the blend
of these components exhibits the high negative devia-
tion of viscosity from additive values. At a low concen-
tration of PVA the blend displays the viscosity near to
the additive value or positive deviation of the viscosity
from the additive one (Fig. 2).

The higher water sorption values are connected with
the porosity of fibers which can be achieved at above
10-15 % of PVA(G) in PP. The tenacity decreases pro-
portionally to the amount of the PVA(G) component,
and between 5 % and 15 % of PVA(G) the tenacity of
fibers shows approximately the same values. At this
range, the stability of the blend structure can be as-
sumed (Table 4).

4.6 Color concentrate, polymer additive for
fiber-forming polymer

The concentrates consisting of 5 to 40 % of pigment
are used especially for coloring polypropylene, poly-
ethylene terephthalate and polyamide fibers and can
be added to the basic polymer by several procedures.

It has been demonstrated that pigment — polymer —
dispersant interactions can be studied perfectly by
rheological measurements using the capillary or rotary
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Table 4 Mechanical properties, porosity and sorption of H,0 of the PP/PVA(G) fibres (30% G/PVA)

After extraction Water Porosity Sorption of

Tenacity Elongation extract [%] H,0, 65% RH

[cN/dtex] (%] (%] (%]
PP 1.68 294 0.8 5.6 0.04
PP/1%PVA(G) 1.48 31.3 1.8 6.0 1.75
PP/5%PVA(G) 1.34 32.5 27 7.7 2.70
PP/10%PVA(G) 1.34 32.3 4.7 10.4 3.05
PP/15%PVA(G) 1.30 32.0 10.1 17.9 3.65
PP/20%PVA(G) 1.18 27.7 14.3 20.6 4.75
PP/10%PVA(G) 1.37 31.2 4.8 10.7 3.20

+2%PP-g-MAN

rheometers and by the analysis of the flow of disper-
sion through the fine and defined holes of filtration
sieves — filterability. Several models describing the de-
pendencies of the shear quantities and viscosity on the
concentration of solid particles and the structure param-
eters of dispersion, originally elaborated for low-mo-
lecular compounds, can be used for the dispersion of
pigments in polymers [31]. The conventional term
“Filterability (F)” expresses the pressure increment (AP)
to the unit amount of the filtrate (m) at a defined holes
geometry and parameters of filtration [32]. Initially, the
filterability as a method was used for determination of
the degree of the pigment dispersion. The proportional-
ity was assumed between the average size of pigment
particles and agglomerates and their ability to pass
through holes of the filtration material. Some experiments
showed an analogy between the behavior of the pigment
dispersion in PP fibers and that in the oligomeric
polypropylene. The proportionality between the filterability
of pigments in the high-molecular polypropylene and oli-
gomeric polypropylene (oil) enables one to utilize experi-
ments using the oligomeric polypropylene for wider ex-
periments with a pigment dispersibility [33].

The miscibility and/or compatibility of the pigment
concentrate with polymer can be expressed by the re-
lations created for polymer blends. The color concen-
trate and polymer can be considered as two individual
components in the mixing process. With regard to the
same chemical composition of the polymer carrier in
the concentrate and basic polymer, the miscibility can
be influenced mainly by the chemical composition of
the dispersing agent. The works dealing with the mis-
cibility of pigment concentrates with polymers are prac-
tically absent in literature. However, the compatibility
and miscibility can substantially influence the uniform-
ity of the pigment distribution as well as the unevenness
of the structure and geometry of fibers [34].

The mixing and homogenization process of polymer
and concentrate melts is realized under the shear
stress and shear rate in laminar flow conditions. The
viscosities of the concentrate and polymer determine
the shear rate in a dispersed phase and matrix and sig-
nificantly influence the kinetic of mixing. If the viscos-
ity of the color concentrate highly exceeds the viscos-
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ity of the polymer medium the deformation of concen-
trate particles is small as a rule. In the opposite case,
at a higher viscosity of the polymer matrix deformation
conditions of the concentrate are more convenient.
Several polyester concentrates containing C.1. Pig-
ment Black 7 were used for the preparation of spun
dyed fibers in our experimental work. The concentra-
tion of carbon black pgment was within 20-30 wt %.

In the rheological measurements of carbon black (C.I.
Pigment Black 7) concentrates in PET the flow proper-
ties close to the Binghamian behavior of the melt with
a critical shear stress, 1y, at t — 0 were found. It is evi-
dent that the shear stress above the critical value of 1,
is applicable in the mixing process in technological con-
ditions. The critical shear stress, 1, significantly in-
creases with a concentrate viscosity.

An unevenness of the fiber diameter expressed by
a variance from the mean value and an unevenness of
the mechanical properties of spun dyed fibers were
considered as a criterion for the processing of concen-
trates corresponding to the kinetic of mixing and to ho-
mogenization processes. It was found that the devia-
tion from the Newtonian flow (n), the viscosity of color
concentrates (1), coefficient of agglomeration (1) and
filterability (F) correspond with the fiber diameter vari-
ance (Figs. 4, 5). Furthermore, the indirect proportion-
ality between unevenness of fibre diameter and tenac-
ity as well as elongation of fibers was found. It can be
predicted that the lower tenacity and higher variance of
tenacity and fiber diameter result from the imperfect
structure and morphology, uniformity of the PET con-
centrate and from the insufficient distribution of the
color concentrate in spun dyed fibers. From this aspect,
the following points lead to the high-performance prop-
erties of PET color concentrates: a low or zero initial
stress (stress interpolated at y — 0) under the critical
value, a lower deviation from the Newtonian flow, low
viscosity of the color concentrate (under the critical
value), a filtration test under the limit value.

An unevenness of the fiber geometry and structure
is not only influenced by the miscibility of concentrates
with polymers but also by the dispersion degree and
tendency to agglomerate the black pigments in polyes-
ter concentrates.
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5. CONCLUSION

In the spinning process of fibers based on the poly-
meric blend a great importance is attributed to the
polyfibrillar structure of fibers with deformed particles
of the dispersed phase in the form of long fibrils. At the
matrix-fibril interface oriented perpendicularly to the
fiber axis, this structure allows one to achieve during
deformation processes a good processability which is
often characterized by an improved elasticity and re-
covery properties of fibers. The main influence on the
formation of this structure is ascribed to the rheological
properties of components, particularly to the viscosity
ratio of the dispersed phase and matrix and to the ad-
hesion at the interface.

Modification of the fiber-forming polymers by concen-
trated dispersions of pigments (mass pigmenting of
fibers) depends to a large extent on two factors: on the
dispersibility of pigment in the polymer carrier, usually
in the presence of a dispersant, and on the miscibility
of the concentrated dispersion with a polymer. In both
cases, an important role is played by thermodynamic
and kinetic processes. The process of mixing the con-
centrate with polymer and especially the kinetics of dis-
persion are defined by the relation of rheological prop-
erties of the concentrate to those of the polymer. The
ratio of the concentrated dispersion viscosity to the vis-
cosity of the polymer carrier at the constant pigment
concentration can be regarded as a measure of the
concentrate quality. The lower concentrate viscosity
which is in relation with the polymer viscosity creates
conditions for the high-shear deformation of a dis-
persed concentrate in the polymer matrix. Moreover it
improves the structure and geometrical evenness of the
spun-dyed fibers and increases their color strength.
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WiseTex — VIRTUAL TEXTILE SOFTWARE
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A software package WiseTex, a simulation tool for textile structures, is described. The current
version of WiseTex covers 2D and 3D woven fabrics, 2D braids, 2D braids with inlays and unidi-
rectional muitilayered preforms. It features geometrical simulation of a textile, including 3D imaging
of the repeat, and simulation of compression of the fabric.

INTRODUCTION

Software for simulation of the internal geometry of a
fabric is a “must” tool for a designer of industrial or ap-
parel textiles. Whatever is the fabric usage, its structure
plays a key role in the performance parameters. One
can say that fabric properties are properties of it's yarns
and fibres, transformed by the structure. The precise
knowledge of the internal geometry is of primary impor-
tance for such application fields as filters (find the small-
est particle stopped by it), composites reinforcements
(compute resin flow through the reinforcement and me-
chanical properties of the composite), paper-making
machines clothing (compute air and water permeabil-
ity through a dryer net), weaving/knitting technology
(what is the length of yarns for a given fabric length) etc.

There are some CAD/CAM software tools for textiles
available. The disadvantages of them are first, they
cover only simple structures and yarn geometry (e.g.
circular cross-sections) and that they lack generality,
and, second, that they are purely geometry modelling
tools, without any reference to mechanical properties
of yarns [1-6]. The challenge of the WiseTex develop-
ment is to implement a universal mechanical model of
textile structure, which would handle very different and
complex topologies of yarn placement and would rep-
resent the complex mechanical behaviour of yarns in-
side the structure.

This development can be summarised as the crea-
tion of a virtual textile, using knowledge of textile
material science gained over the past 60 years. The
software uses theories and algorithms, developed
since early 90-ies [7-13] and extensively published
recently [14-22].

AIM AND SCOPE

WiseTex serves as:

e Software for modelling of the internal geometry (in-
cluding 3D imaging) and mechanical behaviour
(compressibility in the current version) of textile
structures.

* Integrated Textile Preprocessor for hydrodynami-

Vligkna a textil 8 (2) 135-140 (2001)

cal, meso-mechanical and finite elements software
packages providing description of the internal ge-
ometry and mechanical behaviour of textile struc-
tures.
The current version (1.4) covers the following textile
structures (Fig.1):
e 2D woven fabrics
3D woven fabrics
2D braids
2D braids with inlays (can also be used to simu-
late multi-axial woven fabrics)
multilayered unidirectional (non-crimp) preforms

PRINCIPLES OF THE GEOMETRICAL
MODELLING OF TEXTILES

Textile materials are characterised by the distinct hi-
erarchy of structure, which should be represented by
a model of textile geometry and mechanical behaviour.
In spite of a profound investigation of textile materials
and a number of theoretical models existing in the tex-
tile literature for different structures, a generic model
covering different structures is not available. WiseTex
takes full advantage of the hierarchical principle of tex-
tile modelling, creating a truly integrated modelling and
design tool. The simulation algorithm uses extensively
the minimum energy principle. It allows handling of
complex textile structure, with computer computations
times counted in minutes, instead of hours or days
needed for FEM implementations of the same non-lin-
ear, non-conservative behaviour of yarns in compres-
sion and bending.
WiseTex considers a single repeat (unit cell) of the
fabric. Assume as given (input user data):
e Yarn properties: geometry of the cross-section,
compression, bending, frictional and tensile behav-
iour (Fig. 2);

¢ The topology of the yarn interlacing pattern within
the fabric repeat (Fig. 3);

* The yarn spacing within the repeat (Fig. 4).

The problem is to compute the spatial placement of
all yarns in the repeat:
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Fig. 1 Examples of structures simulated by WiseTex
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IGIass roving 610

compressed 1

|3lass 1oving

Fig. 2 WiseTex input data: yarn properties

e Determine the spatial placement of all the yarn The geometrical models provide the following output:

heart-lines within the repeat; e QOverall geometrical characteristics: unit cell dimen-

¢ Define the yarn cross sectional shape and its di- sions (including thickness), mass per unit surface
mensions normal to the yarn heart-line for each area, average porosity/fibrous content and yarn
point along the yarn heart-lines. lengths in the unit cell.

This problem is treated in accordance with the hier- * For any point within the unit cell: the fibrous con-
archy of a textile structure: considering the sequence tent, the average orientation and an identification
of hierarchical levels “fibres — yarns — fabric”, the focus of the fibre material in the vicinity of the point.
is on the highest level (i.e. the “fabric”). The properties ¢ Yarn path geometry, position and size of the yarn
of the elements from the preceding level (“yarns”) to- cross-sections, fibre density and orientation distri-
gether with their interlacing pattern (“topology”) enter bution over the yarn cross-section for arbitrary
the solution via the minimum energy principle. points on any yarn within the fabric repeat.
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1: Celion G30-500 3K -Z- 198 tex
2.1: Celion G30-500 12 K 800 tex
2,2: Celion G30-500 12 K 800 tex
2.3 Celion G30-500 12 K 800 tex
3: Celion G30-500 3K -Z- 198 tex
4,1: Celion G30-500 12 K 800 tex

IR T oy e

Fig. 4 WiseTex input data:

1.1:
1.2

.-

i

clion G30-500 3 K 2 196 tex

C
Celion G30-500 3K -Z- 198 tex
Celion G30-500 3K -Z- 198 tex
Celion G30-500 3K -Z- 198 tex
Celion G30-500 3K -Z- 198 tex
Celion G30-500 3K -Z- 198 tex

-

full description of woven fabric
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Fig. 5 WiseTex as a preprocessor for ANSYS finite element package

‘Woven fabric: shifted wfa

Glass composite reinforcement

TexComp 1.0

Min  2.18204E-01
Max  1.00000E+00

1.0000E+00
91313E-01
8.2627E-01
7.3340E-01
6.5253E-01
5.6567E-01

Fig. 6 WiseTex as a preprocessor for TexComp — software for micro-mechanical modelling of textile composites
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The description of the internal fabric geometry can be

used for various purposes:

e Visualisation: creation of a 3D picture of the unit
cell with rotating, zooming and sectioning capabili-
ties;

Preprocessing for: finite element codes; hydrody-

namic permeability models; textile composite micro-
mechanics codes etc. (Fig. 5 and 6)

CONCLUSION

The virtual textile concept, implemented in the
WiseTex software provides a tool for design and
optimisation of textile structures in the wide range of
types of technical textiles and their applications.
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Short ceramic-fiber reinforced polypropylene composite was manufactured by different poly-
mer- and textile technologies. It has been determined that the brittle ceramic fibers are too sensi-
tive on different loads acting at manufacturing. Carding combined with needle-punching proved
the best out of the investigated technologies, where matrix fibers as carrying fibers were applied.
The reinforcing fiber-matrix adhesion has been improved by chemical curing. Characteristics of
composites manufactured by different technologies have been determined by acoustic emission
and fracture mechanical tests. The typical damage forms and fracture toughness of the materials

were determined.

1. INTRODUCTION

The worldwide spread of polymer composites, as en-
gineering materials makes possible to develop the
product meet the best technical requirements on differ-
ent fields. The ever-increasing requirements against re-
inforcing additives both economic and environment
points inspire research fellows to develop newer and
stronger reinforcing additives and more efficient struc-
tures. Owing to this inspiration an intensive research
activity has begun throughout the world to work out
mating technologies for both organic and inorganic re-
inforcing fibers in matrixes. So beside the traditional
glass- and carbon fibers as reinforcing materials nowa-
days number of papers dealing with the use of origin
filaments like flax, sisal, tropical fibers (e.g.: oil-paim,
cocoa-palm, pineapple etc.) parallel to mineral origin
fibers like basalt and ceramic are ever increasing [1, 2].

a)

The aim of this paper is to present the development
of ceramic fiber reinforced polypropylene composites
and to investigate the fiber-matrix interface.

2. FIBERS

Basic material of matrix the PP 100 TIPFIL
polypropylene mixed with 30 wt. % KERLANE 50 A
type ceramic fiber was tested.

Manufacturing of this composite severai difficulties
should be solved as fiber were available in bale show-
ing high scale inhomogenity both in length and in diam-
eter of fibers. To determine fiber diameter by measure-
ment there were used 50 samples from every material
(KERLANE 50 A and PP 100 TIPFIL) in accordance
with the standard (JIS R 7601). At measurements 10
mm basic length was applied. The fiber diameters were

b)

Fig. 1 Photo of ceramic (a) and PP fiber with 500 scale
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Table 1 Geometric and mechanic characteristics of the tested fibers

Fiber Density Length Diameter E modulus Elongation Tensile strength
[g/cm?] [mm] [um] [GPa] [%] [MPa]
PP 0.91 10016 34.3+4.2 4.2+0.9 44.1+£16.2 33156
Ceramic 2.55 1545 5.9+1.1 60+13 1.5+0.6 8281306

determined by a Projectina 4014/BK-2 type projecting
microscope jointed to an image processing video-
camera system using 500x enlargement and cross-
light. At the images seen in Fig.1 the contour width were
taken as the distances measured between inflexion
points of the grey-degree distribution. Values have
been read with 0.1mm preciseness. The system before
measurements was checked by optical net. Fiber dia-
meter was taken at three different cross section on
each fiber.

Fibers with known diameter were glued on mounting
tab paper then subjected to tensile test on ZWICK 1464
type tensile machine using v = 2 and 50 mm/min test-
ing speed. Strain was measured by high preciseness
strain gauge. This method was generally used except
at polypropylene samples what samples subjected ten-
sile load showed neck generation elongating the frac-
ture time with several minutes. Standards refering on
plastic fibers assign the speed at tensile test so that the
time period of the test should last within 20-30 sec.
That is why the cross-head speed was increased to v =
50 mm/min. Test results are given in Table 1.

3. COMPOSITES

Composite sheets containing 30wt% ceramic fiber
have been produced with COLLIN P 200 T type press-
ing machine though the raw materials both the poured
and the fiber containing semi-products were manufac-
tured by four different technologies [3] as follows:

1. mixing in externally heated worm mixer

2. carding in hand operated labour-mixer

2000
1500 Ve \\

/4 Céramic fiber reinforced PP\\
1000 /;

Force [N]

500

74

// \\/— PP matrix

0 1 2 3 4 5 6 7
Elongation [mm]

Fig. 2 Force-elongation curves for matrix and for composite
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3. carding-needle punching in carding machine in
high scale production

4. equivalent to point 3, technology combined with the
use additive improving the adhesion

Orientation of the semi-product has been achieved in
high scale manufacturing by using for carding BEFAMA
3K type multi-piston carding machine followed by nee-
dle-punching. The PP fibers, as carrying elements in
the matrix, have been fed into the machine in mixed
form improving the degree of homogenisation. After
carding the thick mat-like material has been needle-
punched help to dense further the mat leading partially
to fiber length degradation but making possible mat to
remain to many airbulbs in material after pressing it.

Having prepared the material according to the above
written technology by pressing both matrix and com-
posite plates (2 mm thick) were produced. Specimens
to determine mechanical characteristics have been
manufactured from these plates.

Based on the encouraging results gained at the tests
with these needle-punched material the applied tech-
nology has been judged suitable for further investiga-
tions. To achieve even better results by improving ad-
hesion at the interface of ceramic fiber and matrix there
were tested different additives [4]. To increase the ef-
ficiency of additive PP fibers have been cured by
bensol-peroxid.

4. FRACTURE MECHANICAL AND ACOUSTIC
EMISSION TESTS

Fracture mechanic tests have been carried out with
SEN-T (Single Edge Notched Tensile) type specimen.
Before measurement perpendicular to reinforcing fibers
specimens have been cut by razor blade. At the tests
5 specimens of each material group were investigated
while at evaluation the highest and lowest values have
been neglected. Tensile tests were carried out on
ZWICK-Z020 type universal tester applying 2 mm/min
testing velocity at room temperature. Characteristic ten-
sile curves both for matrix and for composite are given
in Fig. 2.

Based on diagrams it can be stated that ceramic
fibers fit into matrix well manifesting in significant grow-
ing of flexibility at composite comparing to matrix. This
fact can be explained that ceramic fibers ends act as
stress concentrating nodes generating micro-holes in
PP. Distribution of nodes is uniform but everyone can

Vidkna a textil 8 (2) 141-144 (2001)



be the source of further micro-cracks. This phenomena
manifests macroscopically in the observed toughness.

Fracture toughness (K.) can be determined by calcu-
lation using equation (1).

Ke = [Frad (B.W)].a"2.f(a/W) (1)

where: F,, is maximum force in the F-Al trace, B is
thickness of the specimen, W is width of the specimen,
a is total notch length (produced by saw and razor
blade) and f(a/W) is geometry correction factor.

Table 2 Values of the fracture toughness measured on PP
matrix and ceramic fiber reinforced composite

Manufacturing K. Average

technologies [MPa-m"?] [MPa-m'?]
4.49

PP matrix 4.09 4.28+0.20
4.25
3.24

Internal mixer 3.12 3.20+0.07
3.23
3.90

Hand carding 4.11 4.39+0.68
5.16

Carding with 9.14

needle punching 9.22 9.16+0.05
9.12

Carding with 10.08

needle punching 9.87 10.08+0.21

using adhesive 10.29

There were 5 specimens investigated for each manu-
facturing technology and matrix. To determine the av-
erage K. the highest and lowest values have been ne-
glected at calculation. Result of K, can be seen in Table
2. (Standard deviation refers on 95% confidence).

Values of Table 2 show that mechanical character-
istics of the composite sheet manufactured aftermixing
are less that of the matrix and results obtained at hand
carded raw material nearly equal to the values of the
matrix. By other words, contrary the expected improve-

Fig. 3 Distribution of ceramic fibers
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-

Fig. 4 Damage forms (M — matrix, F — fiber, a — fiber fracture, b —
matrix fracture, ¢ — fiber pull out, d — matrix deformation, e
- debonding)

-

ment ceramic fibers did not increase the strength of PP
but weakened it. The reason of this seems to be con-
tradiction is that deformation at matrix will cause break-
ing earlier than it can be expected on deformation of
composite. Observing the numerical results one can
cause to the conclusion that results of hand carded
material are significant measure scattering which fact
itself supports the electron microscopic photos (Fig. 3.)
showing that ceramic fibers get into matrix in nodes and
at pressing PP was not able to impregnate them in the
required measure.

Result gained at material manufactured with high
scale carding combined with needle-punching are at
about double that of the matrix and the fracture tough-
ness shows a 10 % increment in case of surface treat-
ment.

Acoustic activity of the materials during tensile tests
has been investigated by fixing sensors on specimens
working in ultrasonic frequency range. The aim of
acoustic emission (AE) tests was to detect the charac-
teristic ways of composites damages presented in
Fig. 4 [5].

Acoustic emission measurements supported the pre-
vious tests. Maximum amplitude of acoustic events at
loading specimens manufactured by mixing and hand
carding was 40 dB. This value shows matrix deforma-
tion parallel to debonding or fiber pulling out as litera-
ture correlate with it [6]. Specimens manufactured from
sheets prepared by high scale carding at tensile test
produce events higher than 40 dB, practically max 80
dB, what values belongs to fiber breaking.

5. CONCLUSION

Short ceramic-fiber reinforced (30 wt%)
polypropylene composite was manufactured by differ-
ent polymer- and textile technologies. It is managed to
determine that reinforcing effect of the ceramic fibers
is highly influenced by the preliminary treatment of
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them. Homogenisation into internal mixer shattered into
pieces then fibers while carding was not efficient
enough to distribute equally fibers and the adhesion
was also not sufficient. Carding combined with needle-
punching proved the best out of the investigated tech-
nologies, where matrix fibers as carrying fibers were
applied. Fracture mechanic tests carried out on SEN-T
specimens proved that the insufficient technology is re-
sponsible for the fact that reinforcing fibers function
only as additives as at damages no fracture of fibers
only the pulling out of them parallel to debonding can
be experienced. After curing PP-fibers with benzoyl-
peroxide an increase of fracture toughness can be ob-
served proving the different forms of fiber-fractures
among the different forms of damages. This latest
statement was testified by AE measurements too.
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INVESTIGATION OF GLASS KNITTED FIBER FABRIC
REINFORCED POLY (ETHYLENE TEREPHTHALATE)
COMPOSITES BY ACOUSTIC EMISSION
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The mechanical response of weft knitted glass fiber (GF) fabric reinforced poly (ethylene
terephthalate) (PET) composites with different number of reinforcing layers were investigated. For
the static examinations were used standard dumbbell specimens, wide enlarged rectangle shape
specimens and single edge notched (SEN-T) specimens both in wale and course direction. There
were measured and calculated the elongation, force, maximum stress and fracture toughness.
The effect of number of layers was demonstrated by acoustic emission (AE) techniques too.

1. INTRODUCTION

Glass fiber (GF) fabrics textile made by various tech-
niques such as braiding, knitting and weaving being im-
portant reinforcing materials both thermoset and ther-
moplastic matrix composites into different markets.
While the braided and woven fabrics reinforced mate-
rials have bigger mechanical properties, their
drapability are smaller than knitted fabrics reinforced
materials although it is very important for the new
manufacturing technology to use deformabie reinforc-
ing structures. So, nowadays considerable research
and development activities are devoted to develop knit-
ted fabric-reinforced thermoplastic composites [1, 2].
Note that the non-consolidated plain knits can easily
produced from commingled yarns [3]. Such non-con-
solidated knits exhibit excellent drapability and net
shape processability. They possess outstanding deep-
drawability even if consolidated knitted fabric-reinforced
thermoplastic sheets are used as “raw material”. The
wetting out of the reinforcing fiber by the polymer meit
is very good as the matrix-forming fibers, are well dis-
persed within the yarn or tow used for knitting.

The aim of this paper is to investigate of weft knitted
glass fiber fabric reinforced poly (ethylene
terephthalate) (PET) composites with different number
of reinforcing layers by mechanical response.

2. MATERIALS

Composites consisting of GF and PET fibers were
produced from a commingled yarn containing 70 wt. %
(= 50 vol. %) GF and its linear density was 730 tex. This
plain weft knitted textile preform had 15 and 20 ribs per
10 cm in wale (WD) and course (CD) directions. One,
two, three, four and five layers were stacked on one
another and consolidated by hot pressing under the fol-
lowing conditions: 290 °C temperature, 20 bar pres-
sure, 20 min consolidation time [4].
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3. MECHANICAL TESTS

Tensile tests were carried out on standard (DIN
53455) dumbbell specimens and wide enlarged (20
mm) rectangle shape specimens. Regarding the fact
that reinforcing structure is orthotrope, tests were done
into both directions using computer controlled univer-
sal tester type ZWICK Z020 with v = 1 mm/min cross-
head speed in room temperature. Force-elongation
curves have been evaluated automatically. Maximal
forces were used to calculate stresses. There were 5
specimens investigated from each type, the inclination
from average was distinguished with 85 % confidence
interval. Tensile test results are given in Table 1.

As it was expected load carrying capacity in wale di-
rection at about four times bigger to course direction

Table 1 Tensile test results

Stress
Layer Type Direction maximum
[MPa]
1 dumbbell wale 97.5+£22.2
1 dumbbell course 11.2£3.7
1 rectangle wale 117.0£26.7
1 rectangle course 14.7+2.9
2 dumbbell wale 128.7+15.3
2 dumbbell course 17.8+1.8
2 rectangle wale 134.5+18.6
2 rectangle course 23.912.0
3 dumbbell wale 138,0+7.3
3 dumbbell course 26.7+1.5
3 rectangle wale 147.5+12.1
3 rectangle course 32.0t2.4
4 dumbbell wale 138.818.8
4 dumbbell course 25.0+2.1
4 rectangle wale 143.6+13.0
4 rectangle course 28.9+1.3
5 dumbbell wale 139.8+14.4
5 dumbbell course 30.4£1.5
5 rectangle wale 145.9+7.7
5 rectangle course 36.9+1.9
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one. From tensile test curves of course direction speci-
mens can be seen that at composite samples after
reaching the maximal force behave themselves simi-
lar to matrix namely specimens did not break but show
ductility with plastic elongation testifying the decreas-
ing role of reinforcement.

In Figure 1 results of tensile tests given in Table 1 are
presented both dumbbell and rectangle specimens.

Rise time (RI)

Amplitude
(AM)

Table 2 Fracture toughness of examined specimens

Fracture toughness

Layer Direction [MPam’ ,2]
1 wale 15.2+3.1
1 course 5.7£0.5
2 wale 20.0+1.2
2 course 6.8+1.9
3 wale 26.7+2.3
3 course 8.1+0.8
4 wale 21.1+1.4
4 course 8.3+1.1
5 wale 23.0+2.1
5 course 9.3t1.4

gation (F-Al) response of the SEN-T specimens the
fracture toughness was determined (Tab.2.):
Ke = [Frmaxl (B-W)]-2"%-f(a/W) (1)
where: F,., is maximum force in the F-Al trace, B is
thickness of the specimen, W is width of the specimen,
a is total notch length (produced by saw and razor
blade) and f(a/W) is geometry correction factor.

Table 2 shows clear that fracture toughness similar
to tensile strength has an optimal value at three layers.

Ring down counts (CO)

Event (EV)

______________ Threshold (TR)
(AV)

Average

Elapsed time
(ET)

Event width
(WI)

Fig. 2 Characterisation of burst-type acoustic signal parameters

It can be stated maximum stress both in wale and in
course directions is higher at about 5-10% at rectan-
gle shape specimens. The reason this fact is that at
dumbbell specimens the size of damage zone is big-
ger than 10 mm width what according to the previous
acoustic emission tests [5] at about three times bigger
to one knit. It is possible to observe as well that the
optimum number of layers is three as above this value
mechanical characteristics are usually not improved.

4. ACOUSTIC EMISSION EXAMINATION

Single-edge notched (SEN-T) specimens were cut
and subjected to static tensile load both direction. Their
notch was prepared by sawing and sharped by a razor-
blade. The SEN-T specimens were tested the similar
conditions like tensile specimens. From the load — elon-
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During loading of the SEN-T specimens the acoustic
emission (AE) was monitored by a microprocessor con-
trolled AE device (Defectophone NEZ-220, Atomic En-
ergy Research Institute, Budapest, Hungary). The acous-
tic events were picked up by a wide bandwidth
transducer in the frequency range 100 to 600 kHz (peak
sensitivity —70dB/V/ubar, type Micro-30D of Dunegan
Co., USA). The output signal of the transducer was am-
plified logarithmically.

During the tests the following primary AE signals
were measured, calculated and stored: elapsed time,
number of events, peak amplitude, AE energy, event
width and rise time. A burst-type acoustic signal along
with characteristics is depicted schematically in Figure 2.

Table 3 contains the number of acoustic events up
to reach the maximal force.

Regarding the values of the Table 3 more events
have been detected in wale direction to direction
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Table 3 Cumulative events of examined specimens

Cum. Eventftime

Layer Direction [piece/s]
1 wale 46.2
1 course 32.1
2 wale 61.8
2 course 47.1
3 wale 72.6
3 course 59.0
4 wale 75.7
4 course 77.6
5 wale 78.0
5 course 77.7

i. the mechanical properties of composite were getting
grow increasing of number of knit layers. It was
found an optimum of number of layers after this ten-
dency has stopped and the properties have stag-
nated.

ii. The effect of number of layers was demonstrated by
acoustic emission (AE) techniques too. It was real-
ised that acoustic parameters show similar property
like mechanical characteristics, which refer to corre-
lation.
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optimal number of layers can also be found what fact par-
allet to the previously mentioned similarities testify that
close correlation exists between mechanical character-
istics and the number of acoustic events. To examine the
amplitude of detected events can be say that the number
of layers can not influence them, 10-25 dB means ma-
trix deformation, 25—40 dB means debonding, 4060 dB
means pull out and over 60 dB means fiber fracture [6].

5. CONCLUSIONS

Based on this study devoted to determine the number
of layer dependent mechanical response and acoustic
emission (AE) behavior of weft knitted glass fiber (GF)
fabric reinforced poly (ethylene terephthalate) (PET)
composites with different number of reinforcing layers,
the following major conclusions can be drawn:
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3-DIMENSIONAL TEXTILE MATERIALS
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INTRODUCTION

How to create spatial (3-D) textile products? The
most primitive way is tailor it from flat fabrics. Neverthe-
less it is not the best way as it usually creates waist
material. The technologies of flat textile fabrics forma-
tion enables to made even quite complicated 3-D prod-
ucts with little or without any lost material. Let us un-
derline these possibilities.

Just begun millennium starts with 21 century, which
is supposed to be the century of new materials. We be-
lieve that textile based composites and alike products
are to play important role in new technologies. Why?
They are able to use materials properties very well.

3-D textile products can be divided into next main
groups:

1) Products with one major dimension.

2) Products with two major dimensions (double or

multi-layered fabrics).

3) Deformed flat fabric. The principle is based on

change of fabric dimensions in main directions.

4) Really spatial product with comparable all three di-

mensions in x, y, z co-ordinate system.

1. CONSTRUCTION OF PRODUCTS WITH ONE
MAJOR DIMENSION

Such longitudinal textiles may be created by different
ways and technologies. If they are to bear only the axial
tension (not bend), simple twisted ropes and similar
products can be used. More complicated profiles,
aimed to bear as well bending moment, can be created
as well by ,tailor” technology (cut from the flat fabric),
examples see in the Fig. 1. The most usual profiles,
used in machine industry etc. such as |, T, Uand L
cross-section, are introduced.

=
— 1=

Fig. 1 ,Tailored" profiles.
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From the point of view of bending load in one direc-
tion the | profile is very popular (the most of the active
mass is distanced form neutral axis), for two perpen-
dicular bending loads the square profile may be used
and if the load is random the tube is the best cross-
section.

2. CONSTRUCTION OF PRODUCTS WITH TWO
MAJOR DIMENSIONS

The bending load used to be the most important in
this case. To construct the product effectively, the most
of the active mass should be concentrated far form the
plane of symmetry. The reason is the same as why |
profile is preferred — maximal profile modulus (moment
of inertia) at minimal mass. Inner parts of the fabric
bears little of the bending load as there is little elonga-
tion near the axis, it needs to bear only little lateral com-
pression (the curvature of these products use to be
small or radius r great and normal tension oy, as a func-
tion of tangential tension o+ is oy = o1fr). The examples
of so-called sandwich textiles for knitted composite re-
inforcements are shown in the Fig. 2 a, b (weft and
warp structures).

The product in a shape of plate can be created as
well by three or several layers technology (laminate),
Fig. ¢, d [1]. Shaped composite made of knitted fabric
is used as inner very light part of the plate; outer lay-
ers can be another textile composites or non-textile
product.

Some of more particular possibilities of knitting two
connected layers on double bed warp knitting ma-
chine (raschel) are in the Fig. 3. The principle is based
on tubular knitting — some yarns knit only on face side

SCOSOSE 600
VI a (OO0
TITILT, 000
oSS b C

Fig. 2 The ,sandwich* textiles.
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Fig. 3 Examples of the warp knitted double layered fabrics.

section A - A

b

Fig. 4 Examples of using locally connected tubular knitted fabrics.

of the structure and others on the reverse side. Exam-
ple (a) shows connection of the face and reverse fab-
ric by cross lapping of the yarns (right guide bar KL to
the left needle bed and on the contrary). Example (d)
uses for connection third complementary yarns. Fig. b,
c. e introduces some of possibly used warp knitted
structures [2, 3].

Relatively simple possibilities of 3-D product imitation
using local connection of tubular fabric are introduced
in the Fig. 4. First (a) are seamless sacks (the space
of connection is grey, white is space of tubular fabric).

Product (b) can be used for example to replace a
concreting boarding. On Fig. ¢ there are pockets that
can be used for protection of plants on sheer slopes
etc.

Fig. 5 Four-layered plane weave.
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The two or multi-layered woven structure can be cre-
ated in a very similar way. To produce several parallel
fabrics on one weaving machine is not problem, exam-
ple of four layers of plain weave connected by two other
warps are in the Fig. 5. At least ten heald shafts are
necessary.

3. SPATIAL PRODUCTS BASED ON DEFORMED
FLAT FABRICS

To create such woven fabric is rather difficult.
Why? The main reasons are that there is probiem to
change the number of both warp and weft yarns (and
so the number of the binding points) in the fabric space.

DX B
_BER N
D] X >Z<l l
| T [ [] ()

Fig. 6 Example of deformed woven structure.
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Fig. 7 Examples of 3-D deformed weft knitted fabrics.

Other problem is to change the length of the yarns put
into the fabric, namely weft yarns. Warp yarns can be
supplied from two or several warp beams or from bob-
bin creel. Example of the structure, which can partly
eliminate these problems, is in the Fig. 6. It is a com-
bination of tubular (two layered) and single (inner
square) plain weave (a). By crosses (x) are marked the
binding points where all upper warp yarns lays above
lower wefts. Fig. b shows the scheme of the product,
but without 3-D deformation of single layer space. Nev-
ertheless we can notice that the real yarn sett is in this
part doubled.

From our point of view weft knitting technology is in
exceptional position. If the fabric can be made of one
reversibly laid yarn the possibility to insert the courses
of alternating length arises [1, 4, 5]. It is connected with
large scale of change of number of the stitches both in
the wales and in the courses. The basic principle in
well-known form hosiery products (reversible knitted
heel), the knitting scheme see in the Fig 7 a. To under-
stand the figures: in inner parts there is fabric made of
reversibly laid yarn, out of the thick lines the knitting but

% <
Q
0-X>
<D

Fig. 8 Calculation of the wails length.
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not the fabric is interrupted (knitting needles do not
work but keep the stitches).

In the way alike the knee-joint on the tube can be
knitted, Fig. b (b is knitting scheme, b’ product). In this
case the decreasing and increasing of the courses
length is almost from all fabric width to almost zero.

x=§cos<9, D, = D-sin@=+D? - D? cos?

= D2—D2§x2 =4D? - 4x?

Example (c) is as well the knee-joint but with circular
axis shape. Last example (d) presents knitted box
(without circular knitting).

Calculation of the spatial products is easy in some
special cases (in others intuition is necessary). We as-
sume that the stitches dimensions (spacing in both
main directions) are approximately the same in the
product. Lets wish to knit spherical shape and to keep
all the wales to be circular. Then we can use the Fig. 8.

— | [
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!
| i "
T ——— I _
— il
T ———— "
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//_ '\
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— | Lo
1 T ——
i |
0 x—»> D/

Fig. 9 The scheme of spherical knitting.
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If the sphere diameter is D, the diameter of wale is D,
in distance x from the centre (point 0) it will be:

The perimeter of the circle and so the length of the
investigated wale will be L = n-D, = n-(D? — 4x%)°®, Knit-
ting need be done in sections (Fig. 9); inside one sec-
tion the fabric is plane. The more of the sections the
better the result (but there are limits done by the fact
that we have minimal space unit — one stitch).

Some possibilities provide using of different knitted
structures, as we can receive very different width of

P>

<P
/
X

XX
@

i@

Fig. 10 Fully 3-D woven fabric.

particular courses. Warp knitting technology possibili-
ties are more limited.

4. FULLY SPATIAL PRODUCTS

In the Fig. 10 fully 3-D woven fabric [6] is intro-
duced. The formation of such structure is not easy.
Three yarn systems are used: several levels of warp
yarns, horizontal and vertical weft yarns. The weaving
system needs to create alternatively several horizon-
tal and several vertical parallel sheds with simultane-
ous several weft yarns insertion. If we mind the prob-
lems known from multi-shed weaving systems
realisation (the principles have been known for a long
time) we can estimate that such machine development
will not be quick matter.

Technology of braiding enables production of quite
complicated products of different and even changeable
profiles (Fig. 11 a). To remember, this technology use

Vidkna a textil 8 (2) 148-151 (2001)
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Fig. 11 Spatial braided products profile.

one or more yarn diagonal systems with interlacing by
binding points such are these known from weaving (the
most simple example in the Fig. b). Some of the mod-
ern computer controlled braiding machines enables
very complicated movement and crossing of yarn car-
riers.

DISCUSSION

The presented paper brings only the brief survey of
3-D shaping of textile products possibilities. The mod-
ern machines are able, for example, to knit sweater in
ready-made form, without necessity of any confection.
The development in this direction is rapid.

Acknowledgement: this work was supported by the research
project ,Research Centre TEXTILE“ - LNOOB0SOC.
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DETERMINATION OF ESTIMATING CRITERIA FOR CLEAN
ROOM TEXTILE

Vlasenko, V., Suprun, N.
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The concept “technology of cleanliness” appeared at
the middle of 20" century under the influence of the rapid
development of high technologies. In all advanced coun-
tries the clean technologies concern to the most progres-
sive branches of science and engineering and have se-
rious state support. They are widely used in electronic,
nuclear, space, pharmaceutical, perfumery-cosmetic
branches, in exact instrument industry, foodstuff produc-
tion etc.

The constituent parts of this special kind of technolo-
gies are so-called clean rooms, equipment and facilities
for them which don't eliminate particles during the work
and air systems. The service staff need to wear specific
garment which protects workspace and the product from
contamination.

The researches show that the basic sources of con-
tamination in the clean rooms is the personnel: on the
average 70-80% of micro contamination are generated
by them; 5-10% by equipment and 5-10% by an environ-
ment.

Perfectly designed, constructed and equipped clean
room of a high class turns to an ordinary room in a few
minutes, if the working personnel has no appropriate
garment and his behaviors is not regulated. In the
world practice such garment carry the name “clean
room garment” and it is an equal component of high
product technologies.

The basic function of the clean room garment is pro-
tection of technological environment and product from
contamination generated by human being. The contami-
nation must stay inside the garment within so-called un-
derwear space and on the inside surface of the garment.

As a matter of fact clean room garment must play a role
of a specific barrier or better - filter which finally deter-
mines cleanliness of the air at the functioning clean room.

Depending on the class of cleanliness in underwear
space have to held 60-95% of the particles generated by
the human being.

Holding the particles the garment has not to be the
source of contamination. Besides, the garment should
carry out protective function preserving the workers from
harmful and dangerous industrial factors.

High requirements to the functional properties of the
garment determined rigid demands to the choice of tex-
tiles, garment system, its design. (In this contribution are
considered the textiles for upper garment only.)

World market offers a great variety of textiles for clean
room garment — woven and knitted fabrics, non-woven
and laminated materials.

At the present stage of technical textiles technology
development the new textiles are creating continuously.
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Such textiles have their specified and regulated func-
tional performance.

Each kind of textiles presented at the world market has
its distinctive properties, however there are some obliga-
tory requirements for all clean room textiles. First of all
such characteristics as minimal own dust generation
(linting), high durability, abrasive stability, also satisfactory
antistatic properties and easy contamination removal
during the processing are concerned to them. Another
requirements are more specific.

Satisfy the main demands in full measure can only tex-
tiles from synthetic filament fibers as polyester, polya-
mide, polyolefin .Textiles from polyester fabric are used
most often. Textiles from polyamide and polypropylene
fibers are also used rather widely. In biologically clean
rooms the limited use of textiles from the blend of polyes-
ter and cotton yarns is possible. By the way the issue of
use of polyester fabric that contain cotton or rayon yarn
is wide discuss by the scientific and user of the clean
room.

Each kind of the above mentioned textiles has its dis-
tinctive field of use. Polyester and especially
polypropylene textiles are resistant to chemicals includ-
ing acids. Polyester textiles can be used for sterilized
garment. Polyamide materials are not stable against acid
but they have greatest abrasion stability among synthetic
textiles and therefore minimum self linting.

Rather recently manufactures of the clean rooms gar-
ment have begun to use laminated textiles where fabric
is covered with membrane polyurethane film. Their spe-
cific features consistin small pore size and ability to pass
water vapor only one direction.

The fabrics from polyester and cotton blend are com-
patible to sterilization, have antistatic properties and are
hygienic. However they can be used only in service and
technical (so named “grey”) zones. Using of such fabrics
are strictly prohibited in the workshops by production of
injection medicine.

Variety of quality parameters and wide scale of quan-
titative meanings make choice of textiles with optimum
performance problematical. Forecasting of garment per-
formance in functioning clean room without perfect infor-
mation about technology condition is practically impossi-
ble. Especially this approach is important under condition
of chemicals influence. Such a situation causes, on our
opinion, necessity to discuss principle of evaluation cri-
teria choice for clean room textiles at a modern level of
knowledge.

Our work is based on generalized data presented in the
scientific and technical literature. First of all, it is recom-
mendation of the Institute of Environment Science and
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Technology (IEST), USA [1,2,3]. This recommendation
have no status of the normative documents but are very
authoritative among the users of the clean room and
manufacturers of the textiles and garment for them. For
today these are practically sole source, where described
in details the principles of textile choice, technique of the
basic parameters estimation, approach to creation of op-
timum system of clean room garment. Besides we have
generalized our own data of experience garment exploi-
tation at the enterprises of a pharmaceutical industry in
Ukraine and Russia [4,5,6,7,8].

In our opinion it is expedient to divide utilized param-
eters on some groups.

First group — obligatory parameters which character-
ize the properties ensuring the functioning of clean room
garment as such.

Second group — parameters which describe raw com-
position, fabric construction, design, production mode of
textiles and its mechanical properties. As a matter of fact
these parameters are also obligatory, since the quanti-
tative meanings each of them are necessary informed by
manufacturer of textile of the clean room garment for
each lot of goods.

Third group — parameters which importance is de-
fined by concrete conditions of garment function.. It
can be parameters of hygienic and aesthetic proper-
ties etc; in the certain cases for definite kind of garment
some parameters of this group can become obligatory.
For example, the parameter “compatibility to chemi-
cals” is obligatory in conditions of chemical agents use.
These parameters are claimed by users of the gar-
ment. This group can include parameters of protec-
tive properties concerning workers.

The authors of this contribution invite to discussion
specialists who deals with the maintenance of clean
rooms in different branches of industry.

The authors considered their pleasant duty to ac-
knowledge their colleagues from Czech Enterprise
SPOLSIN for samples and assistance with research-
ing. We also express our thanks to the companies
TORAY, KLOPMAN, FRISTADS, SATI, QUALITECH,
SEIREN, SHENZHEN for samples which were used in
investigations.

Table 1 Performances of Textiles (obligatory requirements of

quality)
No.  Parameters of quality, units
1. Generation of particles, number of particles
2. Durability (surface abrasion resistance)

- weight loss, %,;
— cycles, number

3. Pilling, number per cm?

4. Chemical compatibility (stability), %

5 Dimension stability after processing (laundry,
dry-cleaning, sterilization), %

6. Compatibility to processing (laundry, dry clean,
sterilization), points

7. Specific surface resistivity, Ohm

8. Particle filtration efficiency,
(determined by fabric producer) %
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Table 2 Fabric Description

z
°

Parameters of quality, units

Surface density, g/m?

Thickness, mm

Width, cm

Type of the weave

Conductive fibers (kind and pattern)
Breaking strength by warp and weft, H
Tear elongation by warp and weft , %
Fabric density, thread per 10cm

©ONOO AN~

Table 3 Hygienic requirements

=z
o

Parameters of quality, units

Air permeability, cm¥cm?s
Hygroscopicity, %

Water uptake, %

Capillarity, mm

Thermal conduction, W/im-K
Biological inertness

Acoustic properties

Equivalent pore diameter, mkm
Moisture permeability, mg/m?h

©ONOO AN

Table 4 Aesthetic Requirements of Textiles

No. Parameters of quality

1. Weave design

2. Transparency (optical rating, opaque)
3. Color design, points

4, Perfection of performance
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LIGHT COMPOSITES REINFORCED WITH 3-DIMENSIONAL
DISTANCE TEXTILES

Schmidt, H., Kaminska, |., Lao, M.

Institute of Textile Materials Engineering,
Gdariska 118, 90-520 tddz, Poland, e-mail: iimw @mazurek.man.lodz.p!

Light structural composites have been made up of matrices consisting of chemosetting polyes-
ter and epoxy resins, reinforced with three-dimensional woven fabric (3-DDW), comprising about
80% empty air spaces. The adhesion of the resins to polyester, polyamide and polypropylene has
been assessed as well as the tensile, compression and bending strengths of the composites and
their modulus of elasticity. Advantages of the obtained composites include a high strength to
weight by volume ratio and very low resin and fiber consumption in making such composites.

1. INTRODUCTION

In order to reinforce polymeric composites, spatial
textile structures, especially woven, and recently also
braided, are more and more often used. They are most
often solid composites or the ones consisting of shaped
elements, made of continuous filament filled with a
polymeric matrix or coated with a polymer.

In earlier studies carried out at our Institute, there
were obtained light composites with relatively good me-
chanical properties, with chemosetting resin matrix re-
inforced with 3-dimentional distance knitwear [1]. The
present study shows the results of tests of composites
reinforced with three-dimensional woven fabric (3-

DDW).

2. AIM OF THE STUDY

The aim of the present study was to examine the ad-
hesion of chemosetting resins to fiber-forming synthetic
polymers, i.e. polyethylene terephthalate (PET), polya-
mide (PA), polypropylene (PP), and determining the
mechanical properties of the composites reinforced
with 3-dimensional distance woven fabric (3-DDW)
made of synthetic fibers.

3. EXPERIMENTAL

3.1. Materials

The composites in question were prepared by a labo-
ratory process, using the following materials:

— athree-dimensional distance woven fabric (3-DDW),
made of polyester yarn with a linear density of 1030
dtex f 256, a tenacity of 71 cN/tex and elongation at
break of 16.5%. The surface weight of the 3-DDW
was 465 g/m?,

— Epidian E-53 epoxy resin, (a product of condensa-
tion of dihydroxydiphenylpropane and epichlor-
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hydrine) with hardener Z-1
1,8diamine}),

— Polimal 109 polyester resin (orthophthalic) with an
accelerating agent (cobalt naphthenate) containing
2 % of Co (Chemical Works “Organika Sarzyna”)
and Luperox initiator,

— polyester, polyamide and polypropylene continuous
filament yarns,

— PET, PA, and PP films

(3,6-diazoocta-

3.2. Testing methods

Composites reinforced with 3-DDW were obtained by
impregnating the woven fabric with Polimal 109 resin
with an addition of 0.4 % cobalt accelerating agent and
1% Luperox initiator, or Epidian E-53 resin with an ad-
dition of 10 % hardener Z-1, followed by pressing off the
resin excess. Figure 1 shows a cross-section of such
a composite.

After 7 days, mechanical properties of the resultant
composites were tested.

Fig. 1 Composite reinforced with 3-DDW
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The tensile strength of the composite outer layers,
the compression strength of composites reinforced with
3-DDW and those in the form of rods reinforced with
yarn were tested by means of a Zwick GmbH univer-
sal tension tester. In compression tests with compos-
ites reinforced with 3-DDW, the travel rate of a 100 mm?
foot was 1.35 m/min. The bending strength was tested
on an Instron tester according to the Polish standard
PN-82/C-89051. Three-point bending of composite
beams was used at a loading rate of 100 mm/min.

The compression strength of the composite made of
resin in the form of rod reinforced with continuous fibers
was tested by our own method. To a polyethylene tube
with an inner diameter of 1.6 mm and a length of 70 mm
a bundle of yarns impregnated with resin was drawn in.
Once the resin was hardened, the tube was removed
in its center on the length of 11 mm. The jaw spacing
was 11 mm and the jaw travel rate 1.05 mm/min. The
maximum compression force F,, [N] was taken from
the dependence of compression force on the jaw travel
rate.

Fig. 2 Examples of determining the contact angles of water and
methylene iodide on cured PET resin as well as of polyes-
ter and epoxy resins on PET film.
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The static adherence of yarns to the matrix was de-
termined according to the Polish standard PN-81/C-
04267.

The contact angle of polymers was measured by
means of a stereoscope microscope SZ-CTV of OLYM-
PUS with a photo camera coupled with a computer us-
ing the ,Microscan” program for microscope image
processing. The films were treated with ethanol and pe-
troleum benzin to remove their finishing agents. A mi-
crometric syringe was used to place a small drops of
liquids on films. Fig. 2 shows examples of contact an-
gles of water and of methylene iodide on cured PET
resin end polyester and epoxy resins on PET film.

The reversible work of adhesion W4, [2] at polymer
interface was calculated from Dupré’s relationship:

Woan = st + Ys2 - Vsts2 = 2[(¥31752) 2+ (Y3173 "]
where: Wy, is the work required to separate of both
polymers S; and S, thereby create unit areas of S, and
S, at the expense of the unit area of S,—S, surface, vs;
and y,, are surface tensions of S; and S, polymers, re-
spectively, vys2is interfacial tension at the interface S,—
S,, the superscripts d and a refer to the dispersion
forces and the combined polar interactions. -

The forces of interfacial tension at the interface of
polymers which form the composite were calculated
from the contact angles with two liquids of known sur-
face tensions y. from the relationship [2]:

1+ cos9 = 2{[(yD "2 () Il + [ 2 (v2) Ive)

where: § is contact angle, ys and v, are surface tensions
of the polymer and liquid, respectively.

Water and methylene iodide were used to measure
the surface tensions.

3.3. Results

The physical and mechanical properties of compos-
ites reinforced with filaments are determined by the re-
inforcing and matrix properties, the quantitative ratio of
components, the forces at the component interface and
the geometric arrangement of components. In the com-
posites composed with polymeric matrix reinforced with
3-DDW, the mechanical properties are determined by:

— the properties of the hardened resin,

— fiber properties,

— resin to fiber adhesion,

— wettability of fibers during resin impregnation,

— quantitative ratio of textile material to resin and to

free spaces,

— textile fabric structure.

The reversible work of adhesion is a measure of co-
herence of two polymers at their interface. Table 1
shows the contact angles of water and methylene jodid
on polyester, polyamide and polypropylene films and
cured Polimal 109 and Epidian E-53 resins as well as
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Table 1 Contact angles of water, methylene iodide and liquid resins, and surface tensions of the polymers

Contact angle of

Contact angle of liquid resin

Surface tension

Tested sample [degrees] [degrees] [mJjm?]
water CHoJ, Polimal 109  Epidian E-53 ¥ ¥ Y
PET film 61.6 29,9 43,6 413 38,3 10,8 49,2
PP film 71,9 32,1 46,9 44,9 39,0 6,8 45,8
PA film 441 31,4 35,0 32,3 34,7 24,1 58,8
Cured Polimal 109 67,1 36,8 - - 35,9 10,1 45,9
Cured Epidian 53 76,4 53,0 - - 28,4 8,0 36,4
Table 2 Reversible work of adhesion of resin/fiber-forming polymer interface and static adherence yarn to resin
Work of adhesion W4, Static adherence

Polimer [mJ/m?) IN]

Polimal 109 Epidian E53 Yarn Polimal 109 Epidian E53
PET film 95,02 84,59 PET 50,6 86
PP film 91,33 81,29 PP 49,8 52,7
PA film 101,70 90,57 PA 72,9 171,7

the calculated from them surface tensions y°, y* and y.
As expected, PP shows the lowest wettability having
the lowest surface tension. The surface tension of
Epidian E-53 is considerably lower than that of Polimal
109. Therefore, reversible work of adhesion W, for all
the three polymers is higher for Polymal 109 than that
for Epidian E-53. The values of W,y, are given in Ta-
ble 2. Table 2 shows also the static adherence of yarns
to the cured resins. For both resins the adherence force
and the reversible work of adhesion are the lowest in
the case of polypropylene and the highest in polya-
mide. The static adherence of Epidian E-53 is in all the
cases higher than that of Polimal 109 as contrasted
with W,4,. This indicates that the force of matrix-fiber
adhesion is also affected considerably by the liquid

resin-wettability of fibers. This is confirmed by lower
contact angels of Epidian E-53.

The dependence of compression strength of com-
posites in the form of rods on the PET and PA reinforce-
ment volume fraction is shown in Fig. 3. From this de-
pendence it follows that a good result is obtained when
the PET content is about 60 %. In the case of PA fibers,
it was impossible to obtain higher fiber content than
35 %. The maximum strength is observed with 20—
25 % PA reinforcement volume. The drop in strength
with high reinforcing fiber content is due to the worse
wetting of tightly packed fibers.

Based on these resuits, 3-DDW of PET yarn was
chosen for the first trials of composite reinforcement.
Unfortunately, the impregnation of polyester woven

) /\
40 /
g / XL.X /0/
£ 30 \ »———-—""/
5
]
20
—e—PET/108
—-PETES3
10 —&— PA/109 T-_
—>¢— PAE-S3
0 I I 3
0 10 20 30 4 50 60 70 80

Mass fraction [vol. % ]

Fig. 3 Dependence of the compression strenght of tke composites with polyester matrix (PET/109 and PA/109) and epoxy resin
matrix on volume fraction of the PET and PA yarn reinforcement
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Table 3 Mechanical properties of 3-DDW reinforced composites

Composite Free space Resin Fiber Tension Compression Bending Tension Compression Bending
with matrix of  volume  consumption consumption  strength strength strength modulus modulus modulus
[%] {kg/m?| [kg/m?) [kPa] [kPa]j [kPa] [kPa/mm]  [kPa/mm]  [kPa/mm]
Polimal 109 80 23t 96 3120 2100 7460 20,9 4,33 910
Epidian E-53 84 128 72 4720 2040 8435 39,1 2,65 375

fabric with resin fails to obtain such a high ratio of re-
inforcement to the resin content. From the amount of
the applied resin it follows that the reinforcing woven
fabric constitutes 25-30 % of the total resin and fiber
volume.

The mechanical properties of composites reinforced
with 3-DDW including modules of elasticity and tensile,
compression and bending strengths as well as fiber
and resin amounts in 1 m® of composite are given in Ta-
ble 3. The tensile strength of the composite outer layer
is lower than the strength of the reinforcing woven fab-
ric. The reinforced composites show also a very low
elongation at break, about 1 %, as compared with the
elongation of fibers. Thus, the strengths are determined
by the forces of polymer-fiber adherence. The com-
pression and bending strengths of composites made of
both resins are at the same levels, while the compos-
ite with epoxy resin matrix shows almost twice as high
tensile strength in spite of lower resin content. This is
consistent with the results of liquid resin-wettability of
polyester and the static adhesion of the resin to poly-
ester yarn. Although the strengths of composites rein-
forced with 3-DDW are lower than those of solid com-
posites, the preparation of the former requires 3-5
times less resin and fiber. Owing to the high content of
air space and the spatial arrangement of the element
linking the composite outer layers, the ratios of com-
pression strength to the weight by volume (R/m,) and
the ratios of bending strength to the weight by volume
(Ro/m) are very high. For the composite with polyes-
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ter matrix these ratios are: RJ/m, = 6.4 kPa/kg/m® and
Ry/m, = 22.8 kPa/kg/m®, while for the composite with
the epoxy matrix they are almost twice as high: R./m,
= 10.2 kPajkg/m® and Rym, = 42.2 kPa/kg/m®.

CONCLUSION

The performed study made it possible to obtain very
light composites with a high elasticity, a good compres-
sion and bending strengths as well as a high ratio of
strength to the weight by volume. The composites re-
inforced with 3-DDW with matrices of polyester and
epoxy resins show weights by volume amounting to
327 kg/m® and 200 kg/m®, respectively. Further stud-
ies are expected to use distance textiles made of PA
yarns and modified PP yarns for composite reinforcing.
The effect of the textile fabric structure on the mechani-
cal properties of composites will also be examined.
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MODERN TEXTILE SAILCLOTHS AND POSSIBILITIES OF

EVALUATING THEM
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Modern sailcloth materials are extremely complex, both regarding the type of fibers used and,
even more so, regarding specific construction characteristics. However, there is still a kind of
primitive manufacturing approach present in the production of these otherwise high performance
materials. There are no clear requirements regarding quality, and experience is still the most
important parameter in assessing a product. For those reasons, precise characterization and
evaluation of modern sailcloth materials is a topic that asks for systematic investigation, both in
view of defining relevant characteristics and parameters and in defining and adapting adequate
testing methods and procedures and evaluation of results. The paper presented here is a contri-
bution to the scientific and professional approach to the topic.

1. INTRODUCTION

Ever since sailing began, design and manufacture of
sails seems to have almost more important role than
the techniques of sailing itself. Maximum sail perform-
ance can be achieved through optimal aerodynamic
shape of the sails, stability of the initial shape, its air im-

a) Crosscut panel layout: all panels are
parallel to each other and perpendicular
to the leech; cross-cut sails use fabrics
with their greatest strength in the fill
direction (fill-oriented fabrics) to
withstand the anticipated loading along
the leech of the sail (the greatest loads
in any sail are up and down the leech)
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permeability and smooth surface [1, 2]. Sailmakers
should shape their foils by balancing the forces of the
wind with the tension in the sail, which is a difficult and
ever-changing task to be solved. Manufacturing a sail
is a process of constant optimization, not concerned only
with sail design (Fig. 1) and construction [3-5], but also
with the manufacture of suitable sailcloth materials.

RADIAL

“TAPE-DRIVE"

b) Radial panel layout: made with long
narrow triangular panels called gores
which attempt to align the warp thread of
the laminate with the primary load paths
of a sail; The laminated fabrics used in
radial sails have much more strength in
warp direction; by mixing cloth types on
sail sailmakers can make a lighter but
sufficiently strengthfull sail

Fig. 1 Present state of the art in sail design

c) “Tape-drive”® is only associated with
high-tech two-parth construction
process in which the structural strength
of the sail is given by grid of high
strength and low stretch tapes while the
membrane produces aerodynamic lift.
The tapes, radiate across the sail with
a heavier concentration at the predicted

high load areas, the corners and along
the leech
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2. MODERN SAILCLOTH MATERIALS

Sailmakers can design the best shape of sail based
on experience, but the permanence of the shape un-
der different wind conditions depends upon the fabric
used, e.g. its construction, geometry (warp, weft and

i34 & R N BRI O S

Fig. 2 Present state of the art in sailcloths design

Table 1 New fibres used in modern sailcloth materials

bias) and properties like stretch resistance, strength,
flexibility etc.

The last 50 years have seen a virtual explosion in the
development of new sailcloth materials (Fig. 2), largely
as a result of the evolution in the field of fibers [6, 7].
Today’s sailcloth fabrics are not made only of the famil-
iar woven Dacrons® and Nylons® in various weights
and finishes, but also from all kinds of laminates. Most
laminates include one or two layers of transparent
Mylar® film, the main purpose of which is to form a base
to hold the structural fibers in place and to stop air slip-
ping through something that would otherwise be rather
more like a net than a cloth. On or between the Mylar®
layers there are one or more layers of scrim — thin rib-
bons of yarn arranged in a lattice pattern (Fig. 3). These
make up the load-bearing structure of the film. To fulfil
different requirements for variety of applications, the
arrangement of the layer’s may be varied, and a
number of different fibers (Tab. 1), each with different
properties, may be used [8-13].

3. TESTING SAILCLOTH MATERIALS

Testing sailcloth materials can be enormously com-
plex and, of course, in the final analysis, the best pos-

Trade Produced by Generic Tenacity  Modulus Breaking  Density Moisture
name name [cNdtex'] [cNdtex™'] elongation [gcm™]  regain
[%] [%]
Dacron Du Pont (USA)
Terylene Imperial Chemical Industries (GB) Polyester 58 100 10-20 1,39 0,4
Trevira Hoechst Celanese Co. (USA)
Dyneema Dutch State Mines (NL) Polyethylene 35 1100 3.8
Spectra 900  Allied Signal Co. (USA) 34 1250 35 0,97 0,0
Spectra 1000 Allied Signal Co. (USA) 35 2200 2,7
Keviar 29 Du Pont (USA) 23 545
Kevlar 49 Du Pont (USA) 24 895
Kevlar Edge Du Pont (USA) Aramid 29 940 3,6 1,45 45
Twaron Akzo (D) 23 545
HM Twaron  Akzo (D) 24 880
Technora Teijin (J) 28 540
Vectran Hoechst Celanese Co. (USA) Modified Polyester 23 510 1,2-5,5 1,78 -
Zylon Toyobo (J) Polybenzoxazole 44 1850 2,5 1,56 0,6
FILM

TAFFETA

FiLM

SCRIM G

TAFFET
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FIBER and RESINS

FILM
Fig. 3 Possible constructions of laminated sailcloth
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Table 2 Sailmaker testing methods

Mass per unit area

Tenacity

Flex strength

= ls important factor from the standpoint
of sail-handling as well as weight
aloft. It is defined like:

SM [0z/36in x28,5in] (42,83gm™)
SAILMAKERS WEIGHT e.g. the weight in

ounces (28,35g) for a piece of fabric 36
inch x 28,5 inch (0,9144m x 0,7239m).

= |s, beside breaking strength, more

often represented with yield strength.
Yield strength: dividing line between
recoverable and non-recoverable strain.
Stripes of fabrics that are 2 in (5cm) wide
and 16 in (app. 40cm) long are stretched
with constant pull speed (0,3-0,4 or 2 in/
min) to 40-50-100-200-225 b (453,59g)
of load.

= |s commonly expressed as loss in
breaking strength after flutter testing.
Flutter testing: set of strips has been flut-
tered (whirled around at 30 mph or app.
48,4 kmh™ for 30 min) which simulates
some of abuse cloth is subject to in sails
e.g. sail luffing when not being trimmed.

= The flutter test determines the fabric

= Combing the yield-strength number
with the predicted sail-load number

ability to resist degradation giving
a reasonable indication of how the
cloth will last in use.

allows the sailmaker to determine
the“maximum wind-speed capability”

of a given sail.
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Table 3 Proposed testing methods and procedures

Parameter Methods and procedures

Qualitative FT-IR ASTM D 276-87F Standard Test Methods for Identification of Fibers in Textile,

analysis spectroscopy also comparison with FT-IR spectrograms according to [17]; Perkin-Elmer Spectrometer,
Model 2000/KBr matrix; IRDM software package

Construction Fabric count HRN F.S2.013 Defining yarn density in a woven fabric

characteristics Fabric thickness ASTM D 1777-64 Measuring Thickness of Textile Materials (respectively in
DIN 53855/1,2,3; HRN F.S2.021); Kawabata evaluation System [18] for KES-FB-3

Mass per unitarea HRN F.S2.016 Defining mass per unit length and unit area
Mechanical Tensile properties ~ ASTM D1682 Test Method for Breaking Load and Elongation of Textile Fabric
properties (respectively in DIN 53837; HRN F.S2.017); dynamometer ZWICK backed by

a computer (PC software Z7005); Kawabata evaluation System [18] for KES-FB-1

Tear resistance

ASTM D 1424 Test Method for Tear Resistance of Woven Fabrics by Falling Pendulum

(Elmendorf) Apparatus (respectively in DIN 53862)

Flex resistance Flex strength DIN 53362 Bestimmung der Biegesteifigkeit
Crease resistance  DIN 53890 & DIN 53891/1,2 Bestimmung des Knittererholungswinkels
Water absorption ~ Wetting angle NRL.C.A. Goniometer Model No A-100, Rame-hard

sible testing ground is in a sailboat on water, preferable
on arace course. However, many manufacturer of sail-
cloth materials and sails have developed a series of
their own routine tests, to be performed on the cloth
they manufacture (Tab. 2) [4, 5, 14—-16]. This allows
them to monitor the quality and uniformity of their sail-
cloth materials. It also helps sailmakers to adjust their
design to account for the detailed stretch properties of
a particular style of cloth and to ensure that a new lot
of cloth is as closely matched as possible to previous
delivered lots used in successful sails.

Although sailcloth materials belong to the group of
high-performance materials, a kind of primitive manu-
facturing approach is still present in their production,
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there are no clear requirements regarding the quality,
and experience is still the most important parameter in
assessing a product. The above statement is also con-
firmed by the fact that only a few research papers have
been published on the topic of testing and characteri-
zation of sailcloth materials, although itis an extremely
complex and scientifically interesting problem. The
paper presented here is a contribution to the scientific
and professional approach to the topic.

4. POSSIBILITIES OF SAILCLOTH EVALUATION
Theoretical knowledge, as well the practical experi-

Vigkna a textil 8 (2) 158-162 (2001)
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Table 4 Some results of comparative sailcloth analysis

Samples 1 2 3 4 5 6 1-6
Qualitative . PES - Dacron
analysis . PES — Dacron

oOhwWN =

. PE-Spectra //[PE+PES

. PE-Spectra [[PE+PES

. AR-Kevlar/PE//PE+PES
. AR-Twaron/PE//PE+PES

Fabric count

9o/9s0 440/326 558/456 53/46 47,8/30,2 24/20 30,8/15,4 -
[threds/10cm]
Fabric D,,=0,18 D,,=0,16 D,,=0,14 D;,=0,26 D,,=0,25 D;=0,34
thickness D,0,=0,16 Dy00=0,13 D,00=0,06 D,0=0,18 Dy0=0,17 D;00=0,26
D [mm]
Mass per
unit area 131,59 98,06 39,37 84,74 96,67 109,19
PMy,[gm~?]
Tensile C1%20=18,60 Gy920=20,14 G1420=40,00 C19420=39,29 Gy990=42,86 G1y20=37,14
properties Gyyg0=11,40 Gyyg0=12,86 G1990=54,29 Gy990=14,29 G19%90=35,71 G1990=12,86
o1 [NMmM™] G1%45=6,40 O1%45=12,86 G1945=2,50 Gy545=4,29 Gy945=5,71 Oryas=7,14
L [km] L,=22,08 L,=14,65 L,=67,57 L,=48,93 L,=33,55 L,=29,10
L4o=18,31 Lgo=10,71 Lgo=73,70 Lg=22,01 Lgo=15,33 Lgp=19,92
Ls=13,24 L,s=8,92 L,5=19,95 L4s=5.48 L,s=9,77 L,s=11,49
Tear - W=42510 W,=29757 W,=61476 W,=123279 W,=84366 W,=77826
resistance Wy,=33354 Wgo=29103 Wyo=71286 W4o=87963 W,o=68997 Wgo=76518
W [cNcm] W,s=43818 W,s=26487 W,s=66708 W,5=94503 W,s=62457 W,s=69978
Flex So=14,84 S,=7,84 So=1,57 S=72,82 S,=178,52 S;=156,20
otrength S90=9,80 Sg0=7,62 Sgo=1,52 Sg0=16,17 Sg0=35,32 S¢=75,14
S [cNcm?) S45=13,01 S,s=5,44 S4.=1,28 S,5=24,27 S4=52,15 S,5=89,44
Crease K,=13,46 Kq;=6,97 Ko=0,00 Ko=4,31 Kq=7,86 Ko=7,46
resistance Kgo=15,04 Kgo=5,69 Kg0o=0,00 Kgo=11,13 Kg=5,62 Kgo=15,73
K [%} K4=18,33 K,s=4,82 K45=0,01 K4s=5,84 K,s=6,08 K4s=9,24




ence on the part of sailcloth manufacturers and sail pro-
ducers, indicate that the following fabric properties
should be well known in order to design and manufac-
ture top-quality sailcloth and sails: cloth geometry,
stretch resistance, strength, mass per unit area, flex-
ibility, tear resistance, porosity, water adsorption and
UV stability. No precise specification of individual test-
ing procedures was found either in literature [2, 3, 6, 7,
12] or technical data provided by some manufacturers
[4, 5, 15, 16]. No regulations and procedures are gen-
erally accepted in testing, and considerable degree of
chaos is present in sailcloth characterization, partly due
to the implementation of different systems of measures
(SI; UK etc.), and partly due to utter lack of definition
in assessing individual fabric properties (different instru-
ments, different testing conditions, different testing
samples etc.).

Having above in mind, but also respecting adequate
rules in objective evaluation of individual properties of
the materials tested, standard and partially modified
tests were performed for the purposes described here
(Tab. 3) on sailclothes, with the aim of describing them,
as well as to be able to compare various testing sam-
ples (Tab. 4).

Investigations described here indicate that contem-
porary sailcloth materials include a wide variety of prod-
ucts — both regarding the type of fiber used they are
made of and (even more) the characteristics of their
construction.

Since most revolutionary advances in sail design and
manufacture resulted from the implementation of new
fibers in sailcloth manufacture, their qualitative analy-
sis should be the first element to be analyzed in order
to characterize the samples to be tested. A reliable
qualitative analysis proved to be impossible without so-
phisticated instrumental analytical techniques, such as,
for example, FTIR spectroscopy.

Various types of cloth constructions are used in sail-
cloth manufacture — from simplest woven constructions
to a variety of complex composites, laminated ones
being most often the manufacturer’s choice. The
strength, as well as specific mechanical and aerody-
namic properties of these constructions can be attrib-
uted to the high-performance fibers mentioned, coated
by a polymer film. Specific construction characteristics
of the textile component of the sailcloth materials dic-
tate the degree of optimal end-use characteristics of the
sailcloth to be attained. This is why their definition and
evaluation constitute a quality parameter of extreme
importance. In new (laminated) sails, the polymer film
exhibits, as compared to the fibers used, most often
poorer properties. Investigations described here indi-
cate a need for better adjustment of the film and fiber
characteristics, meaning optimization in the content,
construction and strength of the bond between the
components used, with the aim to exploit maximally
exquisite properties of the high-tech fibers used in their
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manufacture. Success in this will determine the possi-
bility of attaining all the other properties important in the
end-use of sailcloth products.

4. CONCLUSION

The results of comparative testing of sailcloth mate-
rials of various raw material content and various con-
structions, as presented and analyzed above, are a
sound basis for objective assessing some crucial and
specific characteristics of these materials. Still, to give
a reliably estimation regarding the quality, it is neces-
sary to be familiar with the requirements on sails for
various purposes. In this context only it is possible to
assess correctly the usability of a particular cloth, pos-
sibility of it being used for a particular purpose, or, sim-
ply saying, the quality of a sailcloth material. The results
presented here are a sound basis for making the above
assessment.

REFERENCES

[1] Maritime Encyclopedia, Leksikografski Zavod Zagreb, Vol. 3,
HR 1953

[2] Wallace R: Sail Power, Alfred Knopf Pub. Inc., USA 1984

[3] Whidden T, Levitt M: The Art and Science of Sails, St.
Martin’s Press, USA 1990

[4] URL:http://www.uksailmakers.com/otherconstruction.htmi

[5] URL:http://www.cubenfiber.com

[6] Doyle B. E.: Strong Fabrics for Fast Sails, Scientific Ameri-
can 277(1997)1:60+, 46-53

[7] Bartlett T: Crusing Sails, Yachtting World (1999)1, 104-105

[8] Mukhopadhyay S. K.: High-performance Fibres, Textile
Progress 25 (1993) 3/4, 1

[9] Pilato L. A., M. J. Michno: Advanced Composite Materials,
Springer-Verlag, New York 1994

[10] Hongu T., G. O. Phillips: New Fibres, Woodhead Pub. Ltd.,
UK 1997

[11] Kroschwitz J.: High Performance Polymers and Composites,
John Wiley & Sons, USA 1991

[12] Vujasinovic E., Cunko, R.: Spectra, one of the latest sailcloth
wonder fibres, Proceedings of The 1% AUTEX Conference,
26-29 July 2001, Portugal 2001

[13] Lindemalder J. L. at all: DMS High Performance Materials,
Proceedings of The 11", International Techtextile Symposium,
23-26 April 2001, Frankfurt 2001

[14] URL:http://www.sailcloth.com

[15] URL:http://www.bainbridgeint.com

[16] Testing of Sailcloth — Dimension Polyant, Private communi-
cations

[17] Hummel D. O., F. Scholl: Atlas of Polymer and Plastic Analy-
sis, Vol. 2, Verlag Chemie International, D 1984

[18] Operating Instruction for KES-FB, Kato Tech Co. Ltd., Japan
1997.

ACKNOWLEDGEMENT

Investigations presented here are a part of broader research
project organized at the Department of Textile Chemistry and Mate-
rial Testing, Faculty of Textile Technology, University of Zagreb, in
collaboration with a well-known sailmaker company (Victory —
Intervela d.o.o., Sl) through usage of new sailcloth materials produced
by Bainbridge, North Sail, Dimension Polyant and others.

Vidkna a textil 8 (2) 1568-162 (2001)



50 years of activity of the VUCHV,a .s. Svit in the field of
chemical fibre development

Budzak, D., Varga, T., Brejka, O.

(Vyskumny ustav chemickych vldkien, a.s. Svit)
Research Institute for Man-Made Fibres, a.s. Svit, Slovak Republic

Nowadays, when we evaluate this period of activity
of the Research Institute for Man-Made Fibres in Svit
(hereinafter referred to as VUCHV), we assess its con-
tribution to national development of fibres as significant,
indeed. Since the end of fifties, the Institute has condi-
tioned the development of cellulose and synthetic fibres
with respect to quantitative increase not only by its ac-
tivity but, particularly, also by the development of new
types and new assortment of fibres. The implementa-
tion of development achievements of the VUCHV af-
fected production growth even by 70 % in some peri-
ods. The Institute has contributed to the development
of fibre production by implementation of its achieve-
ments not only at home but also abroad.

The research activity in the first period after establish-
ment of the Institute was focused on rationalization
tasks of chemical fibre production at home. After 1955,
the Institute was charged to solve the preparation of
viscose cord yarns that were imported from abroad.
The Institute resolved and implemented this task in
Czechoslovakia: the production of 1,100 t/y in Rudnik
in 1959 and the plant with total capacity of 10,000 t/y
of “Super 1” and later “Super 2” type in Lovosice in
1960.

The Institute implemented the production of this cord
yarns also in Pirna/GDR in 1965 and in Tomaszov in
Poland in 1967. The economic effect, in effective prices
of that period, recorded the income of our production
of amount about 70 mil. K&s/y (Czechoslovak crowns)
and about the same amount per sales of machinery
and know-how. Establishing the production of cords of
Super 2 grade the former Czechoslovak Republic was
ranked to advanced industrialized countries, possess-
ing this technology.

Other great task of the Institute was solving of POP
fibre production development. Informative works
started in the VUCHV and in Chemical-Technological
Faculty of the Slovak Technical University in 1958 and
first patent was already granted in 1959 for preparation
of polyolefine and POP fibres. First production of POP
staple fibres with capacity of 1,000 {/y was established
in Chemosvit in 1965 followed by other implementa-
tions of production in the Chemical Factory of Jurij
Dimitrov in 1970 with 4,400 t/y of staple fibres, in 1975
with 4,000 t/y of textured filament yarn, in 1980 with
15,000 t/y of staple fibres and 12,600 t/y of textured fila-
ment yarn.
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Even in 1973, the pilot-plant production of POP fila-
ment yarns with the output of 120 t/y and in 1980 the
production of capacity 4,000 t/y were implemented,
both in Chemosvit.

The implementation of non-woven textiles and fibres,
films and other special types of POP fibre materials was
also accomplished. All these productions represent the
capacity about 68,000 t/y. To assess the total economic
effect of production implementation of all these mate-
rials is complicated. However, the income only from
production of POP fibres represents the amount of
more than 1 ths. mil. K&s. The main effect was mani-
fested in textile products, especially in their export. At
present, some export problems occur resulting from the
loss of eastern markets as well as the requirement of a
change of POP fibre assortment. But definitely, the Insti-
tute give respective attention to these perspective fibres.

The technology and machinery for drawing and twist-
ing of cord filament yarn was successfully solved in the
field of PAD fibres and the production was implemented
in Chemlon. Equally, the solution of PAD filament yarn
preparation was successful, including mass-dyeing of
fibres, what was implemented in Chemosvit Svit and
Chemlon Humenné.

What is the area of PES fibres concerning, the pro-
duction of staple fibres for bulked yarns of Velana,
Tesil-31 type with reduced pilling and increased affin-
ity to colouring agents was implemented in Silon Planag,
national enterprise. The mass-dyeing was introduced.
These modification were applied in filament yarn pro-
duction. We affected the engineering production of
Slovakia, as well, by our achievements in building of
considerable fibre production capacities.

Comparatively good instrumentation of the Institute
along with staff capability have enabled to achieve
many new knowledge of theory of polymer structure
modifications, fibre preparation processes, technology
development, process regulation and the like, in the
process of complex solution of tasks.

information achieved in the mentioned areas was of
high level. The staff of the Institute presented this
knowledge in nationdl or international periodicals, in
lectures of professional conferences and seminars at
home and abroad. Moreover, the Institute became rec-
ognized by the worldwide professional community
thanks the periodic organization of Tatras” conferences
and the issue of own magazine “Chemical Fibres”.

163



The activity of the Institute was again re-evaluated in
the period after 1989. This was induced by fibre capaci-
ties in Slovakia, which have been sufficient till that time,
and further by changed economic conditions in our
economy that resulted in reduction of implementation
possibilities of many fibre companies. Naturally, this
impacted also the activity and work of our Institute.

Therefore, the first-rate task was to stabilize the In-
stitute activity, to establish a program that would stop
staff drain, mainly specialists and, at the same time, to
redirect the activity. First of all, it meant proper utiliza-
tion of all facilities built in the Institute till that time as
well as patient and steady persuasion of customers that
we have still been able to support them in solving their
problems.

The results have gradually occurred. We have dis-
covered such solutions during 1993 that started a
stabilization of the Institute.

Different approach of fibre companies resulted in dif-
ferent approach of the Institute to research-develop-
ment tasks. From their financial background through
solving of short-term tasks up to preparation of new
ones that will help to keep continuity of solutions in near
future.

The research of synthetic fibres was characterized
mainly by solving of fully aromatic polyesters with im-
mediate impact on automotive industry, but from the
aspect of monomer preparation, the application of this
project was extended to other branches.

When dealing with new types of fibres, let us mention
high-tenacity polyethylene and/for polyurethane fibres
that were a scope of our research, too. Moreover, the
research of PES industrial yarn and/or inflammable
treatment of PES textile filament yarn has continued.

A considerable research capacity of the Institute is
spending for polypropylene fibres that were a domain
in the past. As a specific sample, the research of POP
micro-fibres was done, where the POP micro-filament
yarn was solved in the 1-th step. Now, let me mention
that this research task was a typical example of co-
operation between a solver, i.e. our Institute, the foreign
partner that participated in supply of needed machin-
ery, i.e. the Barmag and/or Inventa company, the im-
plementation party, i.e. Chemosvit and the user, i.e.
Tatrasvit, a.s.. The co-operation with Istrochem, a.s.,
Bratislava continues in the field of POP staple fibres.
Other research tasks, or ideas for the moment, are pre-
pared for solving, whether it is a case of colour
masterbatches, POP industrial filament yarn or others.
In the field of viscose fibres, the Institute put the most
effort into revival of the research-development activity.
The attention was focused on modernization of ma-
chines of KVH family for continuous production of vis-
cose filament yarns but also on solving of the technol-
ogy itself towards higher speeds.

As it was mentioned before, a redirection of the ac-
tivity was vital for keeping of the Institute operation. It
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was a case of generation of a manufacturing segment
as one of critical activity in the transition period. This
philosophy was built on utilization of all facilities built in
the Institute. We took advantages of long-term knowl-
edge of our Institute in the field of colour
masterbatches, POP fibres and others, too. Naturally,
the segment of this activity needed investments for up-
grading of small-lot productions to meet a character of
production process. This production, along with the
engineering one, covers about 75 % of performance, at
present. We believe this is the right trend for a specific
period.

Another important point for revival of the Institute
activity and utilization of its facilities was the initiation
of establishment of testing activities. The Institute was
granted the accreditation of laboratories in the begin-
ning of 1993 and the statute of the State Testing Room
SKTC-118 at the end of 1993. Thereby, technical and
legislative conditions were originated for operation in
this field. At present, laboratories equipped with highly-
specialized instrumentation and professional personnel
offer their activities to companies involved not only in
the field of fibres but also in the environment, polymer
chemistry and mainly in textiles.

Rather wide range of laboratory activities resulted in
formation of the team with 15 members that prove the
professional capability by following basic documents:
— Certificate of accreditation of testing laboratory,

— Certificate of accreditation of certification body cer-
tifying products .

— Decision of authorization issued by UNMS of the
Slovak Republic. The Authorized Body SKTC-118in
the VUCHYV, a.s. Svit acts in the field of testing and
conformity assessment,

o textile fibres, yarns, threads
e textile products.

The Authorized Body SKTC-118 offers its services to
entrepreneurs in the field of textiles in meeting legal
obligations as well as services in the field of consultant
and advisory activities.

The implementation capability of the Institute after
1989 can be characterized as follows:

We implemented the production of filtering candles
for filtration of dyes and varnishes in the SLZ, a.s.
Hnusta and intensified the production of non-woven
textiles in the Tatralan, a.s. Kezmarok in the period
from 1992 to 1993. In 1995, we provided for a complete
delivery of injection colouring of PA textured filament
yarn in the Chemlon, a.s. Humenné and similar device
for granulating line, one year later. In 1998, we imple-
mented a separation of lines IWKA and RS-9 for pro-
duction of PA textile yarn in the same company that
have been renamed to NYLSTAR Slovakia. The aim
was to create pilot plants with self-contained heating
and driving aggregates from 1/3 of these machines. In
1999, we delivered to the Silon, a.s. Plana the device
for injection colouring of PES fibres and we participated
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in implementation of the production of 3,500 t/y of the
PA-FQY filament yarn for the company NYLSTAR
Slovakia, where we delivered dinyl circuits, finishing
agent system, controlled drives of pumps, godets and
winding machines including electrical panels. In 2000,
we developed and implemented the filtering device in-
tended for filtering tests of masterbatch meits in the SH,
a.s. Senica. From the aspect of our implementation
capabilities, this year was really eventful as we imple-
mented following projects.

— colouring device for 10,000 t/y of PET staple fibres
for the Silon, a.s. Plana (Czech Republic)

- heat-air canals for production of PE staple fibres
for the Istrochem, a.s. Bratislava

— 1-station compact spinning line for PP POY for the
Fibrochem, a.s. Svit

— device for finishing agent application in the line for
PA PQY for the Zoltek RT (Hungary)

- completion and modification of a station for block
polymerisation for the Kaucuk Kralupy (Czech Re-
public).

The important milestone of our company develop-
ment was the acquirement of the certificate that certi-
*.es conformity of the quality system to the standard ISO
9001:1994. Representatives of the Norwegian certify-
ng company Det Norske Veritas presented this certifi-
cate to the Chairman of the Board of Directors and the
General Manager of the VUCHV RNDr. DuSan Budzak
n the beginning of July 1998, as to the first company
of the branch in Slovakia. One year later, in November
1999, our company successfully sustained the Environ-
mental Management System to ISO 14001 in the cer-
tification audit again by the company Det Norske
Veritas. Our company was the first organization with
research character that actively express its relation to
the environment by its activity in the Environmental
Management System. The VUCHYV, a.s. controls all
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activities in the systems of quality management and en-
vironmental management, assures the quality of its
production and research-development activity in rela-
tion to the environment with liability for sustainable
quality improvement. This fact was proved by re-certi-
fying audit of the Quality Management System in com-
pliance with revised requirement of the standard ISO
9001:2000 and 2-nd Periodical SEM Audit 14001:1996
that were successfully passed in June of this year.

Let us proudly state that our Institute has lately origi-
nated good prerequisites for active co-operation not
only with national but also with foreign customers. As
a result, we solve and/or have solved 13 research-de-
velopment tasks of projects for national and foreign
companies, such as ISTROCHEM, a.s. Bratislava,
SLOVENSKY HODVAB, a.s. Senica, CHEMOSVIT,
a.s. Svit, MATADOR, a.s. Puchov, RHODIA INDUS-
TRIAL YARN Humenné, NYLSTAR SLOVAKIA
Humenné. To mention foreign companies, they are
PRECOLOR, a.s. Prerov, SILON, a.s. Plang,,
KAUCUK, a.s. Kralupy, DEGUSSA AG Germany, CIBA
SC Switzerland, ZOLTEK RT Hungary. Moreover, our
commercial activity is successfully developing with the
companies in Russia, Hungary, Czech Republic, Po-
land, Germany and Switzerland, where we have ex-
ported about 40 % of our performance.

Dear Ladies and Gentlemen,

| tried briefly mention activities of the VUCHYV, a.s.
Svit during its 50 years lasting existence in this lecture.
Naturally, not everything can be mentioned and not all
our customers and co-operating companies can be
listed. Finally, let me thank to all our co-operating com-
panies and customers for present co-operation and
express a hope of further good relations on behalf of
the general Manager RNDR. D. Budzak and the Board
of Directors of our company.
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THE MAN-MADE FIBRES INDUSTRY IN EASTERN EUROPE

Urbanowski, A.

Institute of Chemical Fibres,
t6dz, Poland

1. The Past and the Present

Table 1 The ten biggest man-made fibres producing countries
(x 1000 tonnes)

1. USA 2250
2. Japan 1517
3. Germany (West) 707
4, USSR 623
5. Great Britain 592
6. Italy 412
7. France 306
8. Germany East 215
9. Poland 139
10. India 135

Source: Textile Organon, June 1971.

Cannot be true. It, however is true, the list goes for
1970. In the 70ties the Comecon region was in the fore-
front of the development in production and consump-
tion of man-made (m-m) fibres. At the end of the dec-
ade the expansion in other regions begun. In 1980
following countries with considerabie production drove
some countries back from the 1970 list: Taiwan — 557,
Korea South — 536 and P.R.China — 248 (x 1000
tonnes).

The dramatic changes in the production of the man-
made fibres which took place in the period 1980-1999
(data for 2000 still not available) in Eastern Europe are
presented in Table 2.

Table 2 Production of man-made fibres except olefin in Eastern
Europe — 1980 and 1999 (x 1 000 1)

1980 1999

Country synthetic total cellulosic

cellulosic synthetic total
Bulgaria 54 36 90 27 4 31
USSR (CIS) 550 650 1200 260 88 348
Czechoslovakia 76 55 131 - - -
Czech Rep. - - - 17 18 35
Slovakia - - - 48 4 52
Hungary 21 9 30 17 - 17
Lithuania - - - 17 11 11
Latvia - - - 16 - 16
Poland 163 86 249 75 2 77
Romania 136 64 200 35 6 41
Yugoslavia 63 75 136 46 6 52
Eastern Europe 1202 1142 2334 541 139 680
Western Europe 2163 744 2907 2203 453 2656
Turkey 98 6 105 636 9 645

Source: Textile Organon, June 1981 (1). Fibres Organon, June 2000 (2)
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In 1980 the Eastern Europe production of m-m fibres
constituted nearly 40% of the entire European output,
it dropped to only 21% in 1999. In the same time the
Western European synthetic fibres output stagnated
with a distinct down-trend in the cellulosics. The quan-
tity of 541 synthetics comprised 237 polyester, 185
polyamide, 113 acrylics and 6 tonnes of other fibres (all
figures in tonnes x 1000). The figure below gives a
summary of the changes which occurred in the three
regions.

3500 e

| ‘2907‘ . Wester Europe
3000 2656 ; (] easterE

' aster Europe
2500 - 334 ¥ LR
B Turkey
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1500 { |
1000 1 g
500 A
105

1980
Fig. 1 The summary of the m-m fibres production for three
regions in 1980 and 1999 (except olefins)

1999

Olefin fibres (mainly polypropylene) expanded very
quickly in nearly all regions of the world to become the
second fibre raw material after polyesters amongst the
m-m fibres.

Table 3 gives information about the olefin fibres pro-
duction in some regions.

Table 3 Production of olefin fibres in some regions — 1999
(x 1000 tonnes)

Country Staple + filament staple — film
Western Europe 926 367
Eastern Europe 75 73
Turkey 191 112
USA 1009 334

Source: Fibres Organon, June 2000 (2)

Once again, in olefin fibres Eastern Europe lags be-
hind other regions.

The overall regional pattern of the European m-m fi-
bres production is presented below.

The most turbulent changes in production had oc-
curred in the 80ties however continued in the 90ties.
This is shown below for some of the countries in Fig-
ures 3, 4, 5.
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Fig. 2 The regional pattern of European man-made fibres
production; European production 1999: 4.8 million tonnes
(Source: C. Purvis presentation at Dornbirn 2000 (2))
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Fig. 3 Man-made fibres production in Central Europe, '000 tonnes;
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Fig. 4 Man-made fibres production in South East Europe 000
tonnes; Bosnia, Bulgaria, Croatia, Macedonia, Romania,

Yugoslavia
0 S T - ‘[ ..... T
%00 = —
- ,l/v :
&0 o i
T : i
500 ]
R |
400
——— L i
20 - ‘
200 1 1;
100 b f ST SRR WY I S L JRBEE SO I el
=3 - o~ [ < w0 @0 ~ [ D
-3 [-:3
3 3 a 3 4 a 3 3 3 3
- -~ - - - - -~ - - -

Fig. 5 Man-made fibres production in Turkey '000 tonnes
(Source: C. Purvis presentation Dornbirn 2000 (2))
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The reasons of the catastrophic down fall by nearly
70% in production of the m-m- fibres in the former so-
cialist countries were as follows:

Firstly — the radical changes in politics and economy
in the region caused a recession in the overall indus-
try. The recession in the light industry and the related
m-m fibres industry occurred quicker and was deeper
than in other industry branches.

Secondly — the formerly organised and centralized
market in the Comecon world suddenly disappeared.

Thirdly — many countries in Eastern Europe were
flooded with cheap garments and textile products from
the Far East. This in turn caused closures of spinning
and weaving mills that is the main consumers of m-m
fibres.

Fourthly — many of the m-m fibres production facili-
ties were outdated in comparison to West European
and Far East counterparts and producers in the region
confronted with competitive prices could not compete
due to high running costs.

The main cost problem was in the over-employer in
the Eastern m-m fibres factories.

2. Integration with the European Market

The m-m fibres are part of a global market both di-
rectly as indirectly through the entire textile chain down
the stream to apparels.

Many countries from East Europe are now closely
integrated with the EU in the exchange of textile goods.

An illustration for this is Table 4.

Table 4 The EU trade in textiles and clothing with East
European partners, 1999 (min. EURO)

Country Import value  Export value
Poland 1020 1061
Romania 956 772
Hungary 564 540
Czech Rep. 517 485
Slovenia 261 271
Croatia 230 213
Slovakia 248.5 201
Bulgaria 291 217
Macedonia 114 85
Total 4290 3919
Former USSR Countries 825 762

Source: Textite Outlook, March 2000 (4)

The EU is the prevailing partner for the countries
listed in Table 4 in textile and clothing goods.

Also the exchange of chemical fibres for many of the
East European countries is concentrated on the EU. Let
only take Poland as an example.

Some of the renowned West European producer took
over m-m fibre plants in the Eastern region.

It is interesting to note that four out of the six take-
overs are in polyamide fibres. Particularly Rhodia and
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Table 5 Poland’s production and foreign exchange of m-m fibres,

1998 (x 1000 tonnes)
Production in Poland 96
exports of which: 38
to EU 28
to Central and East European Countries 4
imports of which: 88
from EU 46
from East and Central Europe 14

Rep., Slovakia, Poland) composure seems to be
ahead. In the entire region still some down- tendency
in production can be expected. The pressure of fibres
and textiles deliveries from abroad particularly the Far
Eastis mounting. Imported fibres are easy available for
consumers at attractive prices.

The cellulosics (viscose fibres) producers were most
afflicted with the recession. Viscose factories once
stopped never resume operation, hence there is no
chance to return to the once substantial capacities. In

Table 6 Take-overs of m-m — fibre plants in Eastern and Central Europe

Country Plant taken over Acquiring company
1. Slovakia Chumene — PA 6 filament plant Rhodia, France, Italy
2. Poland Stilon Plant in Gorzéw Wikp. PA 6 filament and granulate Rhodia, France, ltaly
3. Latvia Tolaram Fibres PA 6 filament Rhodia, France, ltaly
4, Romania Fibrex Savinesti PA 6 staple and filament Radici, Italy
5. Czech Rep. Lovosice Glanzstoff Bohemia Glanzstoff (Acordis) Germany
6. Hungary Magyar Viscosa Zoltec Magyar Acrylic PA 6 filament Zoltec, USA

its JV with Snia — the Nyistar company are following a
strategy to capture the nylon markets in Eastern Eu-
rope.

Most of the m-m - fibre producers in Central and
Eastern Europe save the CIS countries are closely in-
tegrated with the EU. The vivid foreign exchange in
textiles and m-m fibres between the regions extorted
the adoption of unified nomenclature, standards ana-
lytical methods and legislature for example the rules on
public aid which may be granted to producers of m-m
fibres.

The integration is particularly advanced in the field of
polyamide fibres where multinational companies are
controlling a substantial part of the production and
market. Some companies, producers of m-m fibres are
members of CIRFS (Comite International de la
Rayonne et des Fibres Synthetiques) in Brussels.

3. Prospects for the future
It is very difficult to forecast the further development
in the m-m fibres sector in Central and Eastern Europe

due to still lasting unstability in the economy of some
of the countries. In some countries (Hungary, Czech
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this sector even some further still-stands can be ex-
pected. The synthetics are much better off, particularly
the polyamides in some countries of the region. Poly-
esters as in other regions, constitute the major part of
the m-m fibres production. Their producers in the region
remain as single players without strategic alliances.
This poses a mounting danger from the integrated poly-
ester makers for whom the Eastern European market
is an attractive bite.

Presently, there is little chance for the m-m fibres in-
dustry in Central and Eastern Europe to develop and
to regain markets. It seems that in the future the de-
mands will, to an even larger extend, be covered by
imports from Turkey and the Far East.

Note. This article was published in Fibres and Textiles
in Eastern Europe, Vol. 9, No 3, p.12-14.
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TECHNICAL FIBRES AND

YARNS - PRODUCTION,

PROPERTIES, APPLICATION*

Matchalaba, N. N.

Joint-Stock Company “Tverchimvolokno”. Tver city, 170000 Russia

Introduction

The high performance fibers (yarns) based on
aramides have super-high mechanical properties and
improved thermal properties. The capacity and produc-
tion of para-aramides are the highest among all high
performance fibres —in 1999 were produced 31000 ton
[1].

The most important high performance aramide yarns,
which will be discussed in this paper, are following:
¢ Super-high mechanical properties and thermal re-
sistant yarns based on polyamidobenzimidazole

(PABI) — SVM and co-polyamidobenzimidazole (co-
PABI) — Armos (Russia).

High mechanical properties and thermal resistant
yarns based on polyparaphenyleneterephtalamide
(PPTA) — Twaron (The Nederland), Kevlar (USA)
and similar copolymers (co-PPTA) — Terlon (Rus-
sia).

There are two main types of para aramide yarns —

high modulus (dynamic deformation modulus 130-160

GPa; static deformation modulus 100-120 GPa); high

strength (dynamic deformation modulus 80-100 GPa;

static deformation modulus 60-90 GPa) [2-5];.

The properties of first type yarns — high modulus
ones (with maximal mechanical properties) are shown
in table 1.

The main thermal resistant fibres, which will be dis-
cussed in this paper are following:

e Thermal resistant fibres based on co-poly-meta-
para-amidobenzimidazole (co-PMABI) — Tverlana
(Russia)

e Thermal resistant fibres based on polymeta-
phenileneisophtalamide (PMIA) — Fenilon (Russia)
and Nomex (USA).

Table 1 Main properties of yarns with high mechanical characteristics

These thermal resistant meta- and meta-para-links
containing aramides have common textile properties,
which will be shown below (see table 4).

This paper present new aramide fibres and yarns
Armos and Tverlana that have the highest properties
in aramide group. Traditional - PPTA, SVM and PMIA
fibres are in examination for comparison to more new
aramide fibres

Short history of aramides

Thermal resistant fibres based on meta-aramides
were elaborated in USA in seventieth years of 20-th
century. Approximately at the same time these fibres
were created in Russia. Creation and production of
meta-aramide fibres was a new step in application of
fully aromatic polymers, which have opened the direc-
tion of thermal resistant fibres and textiles. At the same
time these fibres were a stimuilus for series of re-
searches in the field of different thermal stable
fibreforming polymers and copolymers. For the last
three ten years a number of high developed countries
(including Russia) have developed and have begun
producing new fibres and fibrous materials with ultra
high mechanical and improved thermal characteristics
for technical application on the base of different aro-
matic linear polymers, including different aromatic
polyamides and a number of related co-polymers.
These fibres are necessary for the development of the
modern technical spheres.

The next step was in area of para-aramides, which
were elaborated in beginning of eightieth years by two
independent ways in two countries —in USA, based on
aromatic carbocyclic para-polyamides (PPTA) and in

Fibres Fibres Deformation modulus, Tenacity, Elongation at Moisture
(yarns) density, Gpa GPa* break, content,
glem® Dynamic Static % % **)
Terlon, Twaron, Kevlar 1,45~1,47 140-150 95-120 2,7-3,5 2,5-3 2-3
SWM 1,45-1,46 130-160 95-115 4-4.5 33,5 3,5-4,5
Armos 1,45-1,46 140-160 100-120 4,5-5,5 3,54 3-3,5

* The presented data are the results of testing — trenacity by singie fibers or microplastics, deformation modulus — dynamic by impulse

acoustic method, static based on mechanical tests.
** Moisture content of fibres is at relative air humidity 65 %.

* This paper contain new data of super-high tenacity para-aramide yarn Armos and first published data

of new thermoresistant fibre and yarn Tverlana
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Russia based on aromatic co-poly-para-polyamides
(co-PPTA) and especially hetero-cyclic para-
polyamides (PABI) [2, 6 — 8].

These new fibres (often called “the fibres of the third
generation”) were created in Russia by All-Russia Sci-
entific and Research Institute of Polymer Fibres (former
NPO “Khimvolokno” — Scientific and Research Organi-
sation) on the base of the fundamental and technologi-
cal researches with the close collaboration of other
organisations. The main achievement in this area was
super-strength yarns SVM and later Armos. The excel-
lent scientific leader of these researches was Prof.
Georgy |. Kudryavtsev. The great role in researches
and Armos yarn development was of Prof. Viadimir S.
Matveev, Prof. Gennady A. Budnitsky, Prof. Alexandra
V. Volokhina, Dr. Anatoly V. Tokarev, Dr. Vladimir B.
Glazunov, Dr. Alexander M. Stchetinin, Dr. Viktor M.
Stchetinin, Dr. Igor V. Tikhonov and many other spe-
cialists. St-Petersburg Research Institute of Chemical
Fibres and Composites (SVM fibre) and J-S Co.
“Tverchimvolokno” (Armos fibre) have taken an active
part in this work for many years improving the technol-
ogy and producing para-aramide fibres. The main re-
searches of these fibres structure, properties and ap-
plication in textiles and composites were done in
St-Petersburg Research Institute of Chemical Fibres
and Composites and St-Petersburg State University of
Technology and Design by direction of Prof. Kirill E.
Perepelkin.

The production of SVM and later Armos, these ones
technology improving were organised by J-S Co.
“Tverchimvoloko” and later J.-S. Co “Kamenskvolokno”
with the output volume and assortment necessary for
country needs. Russian researchers and technologists
having chosen their own original way; have created the
world strongest reinforcing para-aramide Armos yarns
having high thermal and flame resistance. The creation
of Armos was the next step after the creation and pro-
duction of SVM yarns.

The logical development of these high performance
fibres was possibility to create thermal resistant fibres
based on co-PMABI polymers. The fibre named
Tverlana was created due to initiative of this paper
author and developed by his collaborators in J.-S. Co
“Tverchimvolokno” and All-Russia Research Institute of
Polymer Fibres. It was the fibre of more high thermal
properties and open fire resistance in comparison with
PMIA fibres.

Requirements for polymers and fibres structure
of high mechanical properties and thermal
resistant fibres

There are some requirements to baseos polymers
and fibres on three main structural levels — molecular,
sub-molecular and micro-levels [9, 10], which are nec-
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essary for achievement of optimal structure fibres with
high performancde characteristics. These main pecu-
liarities are following.

For high mechanical properties fibres:

e maximal chemical bonds energy in polymeric
chains or / and maximal number of these chains
in cross-section. Absence of large side substitutes
and weak chemical bonds. There are preferable to
have only aromatic links in chain structure;

e extended polymer links configuration and poly-
meric chain conformations;

¢ super-high orientation of molecular chains in fibre
axis direction;

¢ homogenous fibers micro-structure

For high thermal resistant fibers:

e maximal chemical bonds energy in polymeric
chains. Aromatic structure of polymeric chains.
There are preferable to have hetero-aromatic links
in chain structure;

e there aren’t any “super-special” requirements in
comparison with common fibre-forming polymers
and fibres.

Technological requirements:

e fibre-forming aromatic polymers should be soluble
in accessible solvent (non-degradable and recy-
cled);

e solution concentration and their reological proper-
ties, absence of impurities etc. should be optimal
from point of view technology (filtration, degassing,
fibre-spinning);

e structure building — as spun fibre formation and
further fibre treatments shoud lead to mentioned
above optimal structure peculiarities.

All discussed in this paper aramide polymers, copoly-

mers and fibres have mentioned above structural char-
acteristics in high degree.

Aramide fibres production and properties
regulation principles

The para-aramide fibre formation and high mechani-
cal properties achievement are based on possibility of
rigid-chain linear polymers to transform in liquid-crys-
talline state. This fact lead to self-ordering effects even
at small preliminary orientation both on the stage of fi-
bre spinning and thermal treatment [2, 4, 8].

All heterocyclic para-polyamides are non-fusible,
therefore these polymers are dissolved in nucleophilic
solvents — amide compounds with addition of lyophilic
salts (in particular dimethylacetamide with addition of
lithium chloride).

Homo-polymer (PABI) or copolymer (co-PABI) are
produced by one-step or two-step polycondensation of
terephtaloilchloride and para-aromatic diamines (car-
bocyclic or hetero-cyclic) in organic solvent. Spinning
solution will be able made based on previously pre-
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pared polymer (secondary solution scheme) or directly
after polymer synthesis {primary solution scheme —
direct solution).

The fibres are spun by wet-spinning method (often
through air-gap). The as-spun fibres are washed of
solvent rests and dried. All these mentioned above
operations are led as step-by-step uninterrupted proc-
ess. Next stage is thermal treatment, which lead to fi-
bres spontaneous orientation. The small stretching is
applied for deformation modulus arising.

Exactly this way was the base of highest mechanical
property indexes of Armos fibres (yarns). The hetero-
cyclic copolymer solution is in non-isotropic state; there
is an opinion that transformation to liquid-crystalline
state is by fibre-forming process.

The fibres properties are determined of raw polymer
or copolymer composition in many respects. There
were taken in attention, that transition from poly-para-
phenyleneterephtalamide to less regular polymer and
copolymer decrease structuring of spinning solution
and is promoting to fibre high-oriented structure-build-
ing at spinning and thermal treatment and therefore
arising of mechanical properties.

Meta-containing links copolymers are produced by
the same method as para-aramides by direct spinning
solution preparing. Aromatic meta-polyamides and
meta-links containing co-polyamides are more soluble
n polar organic solvents and therefore their solutions
are more concentrated. The same conventional proc-
ess is suitable for wet spinning and post-treatments of
fibres based on these polymers and copolymers.

Peculiarities of Armos and Tverlana fibres
technology

The technology principles of aramide fibres and yarns
Armos production (the same as SVM) are presented in
previous papers [2, 7, 12 - 16].

Armos yarns are produced on the base of co-
polyamides with = 35% hetero-links. The main stages
of technology:

¢ copolymer synthesis with direct spinning solution
production;

¢ spinning solution preparing for fibre-forming proc-
ess — mixing, filtration, degassing;

¢ wet-spinning, drawing, washing, drying — uninter-
rupted process;

¢ thermal treatment and additional thermal drawing
(not more than a few percents)

e textile operations — for yarns winding to final bob-
bin; for roving — siubbing and winding to final bob-
bin.

Fibres and yarns Tverlana are produced on the base
of co-polyamides of following constitution:

¢ staple fibres — copolyamide with meta-links 15—
35% and hetero-links 15-35%;
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e yarns — copolyamide with meta-links > 5% and
hetero-links > 35%);

Tverlana yarns production is based on the same
technological scheme, but technological regimes on
separate stages should be corrected. As-spun staple
fibres production has any differences:

e thermal treatment both without tension or at ten-
sion in dependence of final fibres requirements,
especially deformation characteristics (modulus
and deformation ar break);

¢ additional operations — surfactants treatment, crim-
pling, cutting etc.

Assortment and technical data of Armos and
related para-aramide yarns and roving

All produced by J.-S. Co “Tverchimvolokno” yarns are
divided to following types [2, 4, 5,7, 8, 13, 16 — 19]:
® high-modulus reinforcing yarns and roving —
Armos — HMR

e high-modulus yarns for technical textiles — Armos
— HMY

e thermal resistant yarns for technical textiles
TepMOCTOﬁKHe TEXHHYECKHUEC HUTHU AJIA TCKCTHIBHBIX
usnenuii - Armos — TRY, Tverlana — TRY (Tverlana
yarns are produced as marketing batch).

The main Armos assortment include complex yarns
with linear density from 29.4 till 167 tex. On their basis
the company produces also a roving with linear density
of 600 tex. that are produced by slubbing of yarns 100
tex [16-19].

Technical requirements for yarns and roving meet the
guaranteed data given in Table 2.

The main data of the produced roving are the follow-
ing:

e breaking strength not less than 1 373 N;

e dynamic elasticity modules of yarns in the roving

not less than 142 GPa;

e average destruction stress of filaments under

microplastic stretching not less than 5 100 MPa.
All data given in tables on mechanical properties are
obtained in testing of yarns according to the Russian
standards:
e yarn data according to GOST 6611 at testing
length of 250 (500) mm;

e microplastic data according to GOST 28007 at
testing length of 100 mm;

¢ dynamic (acoustic) modules of elasticity is deter-
mined with the impulse method according to
GOST 28007;

e yarn humidity in the samples conditioned in the
standard conditions is 3,5%.

It should be noted that the actual data of mechanical
properties of the produced yarns are higher than it is
guaranteed according to the technical requirements.
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Table 2 Para-aramide yarns properties

Parameter Armos (guaranteed indexes) Tverlana Terlon, Keviar,

HMR yarn HMR roving TRY yarn TRY yarn Twaron

Yarn specific tenacity, cN / tex 185-206 196-240 150-180 180-230 165-260
240-280* 260-280*

Elongation at break, % 4,0-6,0 4,0-6,0 4,5-5,0 3,542 1,4-3,5
2,8-3,5* 2,8-3,5*

Dynamic elasticity modules, GPa 137-142 142-157* 70-120 68-98 130-160

157*
Breaking stress of yarn in microplastic, MPa, 4120-4412 4414-4905 38004100 - 3500-4000
5100-5435*
Humidity at standard conditions, % 3,0-3,5 5-6 2,0-2,5

* Real achieved values

Assortment and Technical Data of Tverlana fibres

There are elaborated two main kinds of Tverlana
fibers and yarns [16]:

® Thermal resistant technical yarns 28.4 tex and
58.8 tex — Tverlana TRY;

* Thermal resistant staple fibres Tverlana TRF: sta-
ple length 38 — 40 mm and linear density 0.17 tex
and; staple length 60 — 70 mm and linear density
0.3 tex.

There is possibility to produce also another assort-

ment. The main characteristics of Tverlana fibres in
comparison with PMIA fibres are shown in table 3.

Armos and related yarns thermal troperties and
Flame Effect

Armos and related para-aramides are characterised
of high glass transition temperatures, high thermal and
thermal-oxidative resistance. [2, 4, 17-21]. The main data
of their thermal characteristics are given in Table 4.

Armos yarns (as well as SVM) have high thermal
characteristics and can be related as high thermal re-
sistant fibres. The strength of these yarns at high tem-
perature changes slightly:

¢ in the temperature range till 100 °C by 10-12%

e till 200 °C by 25~-30%.

The strength preservation in air exposition for 10
hours is:

* 95-96% at temperature of 250 °C,

* 88-90% at temperature of 275 °C,

® 60-70% at temperature of 300 °C.

The temperature of long exploitation of Armos (SVM)
is 250-300 °C.

These fibres have high ignition and self-ignition tem-
peratures, pumnp aisLreys oxigen indexes. Armos yarns
and fibres do not ignite in open flame up to 500-550 °C
and they stop burning after removal of fire source. Itis
determined by the high values of oxygen index (38—
43%). The oxygen index is 40—45% for SVM. Limited
oxygen index of Tverlana yarns is 38—-39% (the values
for staple will be shown below)

The principal peculiarity of para-aramides in compari-
son with other fibres is shrinkage absence or low
shrinkage till very high temperatures. It is due to their
tendency to spontaneous elongation. PABI and co-
PABI fibres (Armos and) haven’t dimension change till
300 °C and only at 400450 °C a slight shrinkage can
be observed that is not more than 2-3%. PPTA fibres
have the same shrinkage approximately at 350 °C.

Para-areamide fibres resistance to active media
and their hydroscopic properties

Armos, SVM and Tverlana yarns and fibres have high
resistance in many kinds of active media — moisture,
many kinds of chemicals, petrochemicals, micro-organ-

Table 3 Main characteristics of Tverlana and traditional thermal resistant fibres

Indexes Tverlana Fenilon, Nomex
Fibres density, g / cm® 1,40-1,41 1,37-1,38
Tenacity, cN / tex 40-45 30-45
Elongation at break, % 12-17 20-40
Deformation modulus, GPa 10-14 7-12
Shrinkage in boiling water, % 2,0-2,5 <3

Shrinkage in hot air, % (Temperature, °C)

Moisture content at standard conditions, %
Limited oxygen index, %

Shrinkage beginning 320-370 °C
0,5-1 (400—420 °C)
4,0-6,0; 11-12

3-10 (300 °C)
12-15 (450 °C)
4,5-5,0

35-36 28-29

172

Vldkna a textil 8 (2) 169-175 (2001)



Table 4 Thermal characteristics of para-aramide fibres indexes

Indexes

PABI (SVM), co-PABI (Armos)

Fibres (yarns) types
PPTA (Twaron, Kevlar, Terlon)

Glass transition temperature, °C
Melting point, °C

Exploitation temperature (long time), °C
Exploitation temperature (limited), °C
Destruction temperature, °C

Ignition temperature, °C

Self-ignition temperature, °C

Oxigen index, %

270-280 345-360
no melt no melt
250-300 220-250
300-330 250-270
550-600 450-550
500-600 450-500
550-650 500-600
40-45 27-29

isms [2, 4, 5, 17-20]. They unlimitedly swell in polar
solvents.

Armos yarns belong to the fibres with limited
hygroscopicity, which is slightly lower than SVM and
considerably less than other polar fibres (e.g cellulose).
Moisture sorption in the atmosphere in normal condi-
tions (relative air humidity 65% and temperature 20 °C)
is for discussed yarns: Armos 3,5% for SVM 4-4,5%,
Tverlana 5-6%.

Armos swelling in water is not high and is 15—-16%.
Its strength properties change slightly in water. These
changes are mostly reversible after drying. Armos
yarns and fibres in wet state slightly change mechani-
cal properties which are close to the initial data after

drying.

Comparison of Armos with other para-aramide
fibres and yarns

Armos in many characteristics has substantial advan-
tages in comparison with the fibres and yarns on the
base of PPTA and co PPTA Terlon, Twaron, Kevlar.

As it has been shown above, Armos reinforcing yarns
and roving have higher strength among all types of
para-aramide yarns at the equal values of deformation
modules. The values of their strength are in average
higher by 30% than of SVM yarns and are higher by
50% than of Terlon and other PPTA yarns. Armos tech-
nical yarns also exceed the existing values of other
para-aramide yarns, that can be seen in the above
mentioned values (Tab. 6).

Thermal characteristics of Armos yarns considerably
exceed the values of PPTA yarns and at the same time
they are close to those of SVM. Their thermal resist-
ance in air is higher, and their oxygen index is 38-43%
that is higher by 10—15 units than of the values of PPTA
yarns.

Tverlana yarns and fibres are characterised by more
high thermal resistance in comparison with PMIA.

Application of Armos yarns in textiles

The main application of Armos yarns are high loaded
textile manufactured goods [4, 5, 16, 21]. Textile

Vidkna a textil 8 (2) 169-175 (2001)

processing of Armos yarns does not cause any consid-
erable problems. The usual typical textile equipment is
used in the most cases to Armos textiles production.
Armos yarns are processed into bends, fabrics and
other textile structures without any difficulties but their
processing has some peculiarities. It is necessary to
use pre-prepared yarns by specially chosen lubricants
for successful conducting of this process and to use a
high quality size for weaving.

Braided and twisted ropes are characterised with
high strength and low deformation replacing in many
cases steel cables due to the high specific mechanical
characteristics. It gives advantages especially at high
length of cables when their own weight limits the pos-
sibility of their application. Application of such cables for
deep-water operations (lifting of deep-water appara-
tuses or sunk ships from extra-high depth) can be used
as an example. Application of ropes and braided straps
in load-bearing goods, rescue devices for sea-ships
and aircraft, insurance kits for steel erectors, mountain-
eers and in many other cases is also very important.

Textile materials Armos yarns based are widely used
in some types of individual protection. Nowadays fab-
ric structures are widely applied in ballistic protection -
particularly in constructions of “soft” bullet-proof vests.
Cut resistant gloves and garment parts for workers of
different specialisation turned to be highly effective.

Application Armos yarns and roving in
composites and composite Goods REA

Armos yarns and roving application in construction
composites is based not only on high values of their
mechanical properties but also on the other specific
peculiarities [4, 5, 7, 13, 16, 21}. Processing on yarns
and roving into composite materials is possible with
standard equipment, which is traditionally used for
processing of analogous assortment of glass yarns, but
it have some differences in comparison with glass re-
inforced plastics production. This difference is caused
by the fact that components of many of thermo-reac-
tive binders diffuse into para-aramide fibres that can
lead to reduction of the obtained properties. Therefore
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it is required to correct binder resin compositions and
conditions of their hardening.

High adhesion of Armos to majority of reactoplasts
(epoxide, phenolic acetalic, polyurethane and others)
allows to obtain composites with high monolithity and
an excellent complex of properties for drawing loading.

Due to high mechanical properties of para-aramide
fibres in the axial direction and rather lower values in
cross-section direction, composites on their base have
also high values for drawing and moderate values for
pressing, bending and shear. There is exfoliation with
destruction of not only at the inter-phase fibre surface
(matrix), but a cracks can be in the fibres at these me-
chanical influences. That is why hybrid structures from
para-aramide and carbon or glass fibres are often used
to increase considerably the values of pressing and
shear.

The main types of composite materials and goods in
which application of Armos is the most effective, are
composites and goods obtained with the winding
method and used under drawing loading are especially
effective. They include large-sized parts of aircraft,
high-pressured vessels and others. Construction com-
posites on the base of fabrics from para-aramide fibres
are especially effective where high specific mechani-
cal characteristics are required and where application
of metal and ceramic materials becomes less effective.
For example: different types of armour are created on
the base of textiles from Armos yarns. Bullet-proof
vests based on combined structures o of ceramic
plates together with textile composite structures (“hard”
bullet-proof vests) are especially effective. Reinforced
helmets different sport goods is also very important

Original application is additional reinforcement with
winding of different metal hard-pressured vessels to
decrease their weight. Gas-pressured vessels, oxygen-
pressured vessels for mountaineers and skin-divers are
produced in accordance with this method.

Application of Armos reinforced composites is effec-
tive in creation of high-speed rotors for different appli-
cation particularly for mechanical energy accumulators
and centrifuges. These goods have high specific char-
acteristics of mechanical properties and accordingly -
reliability.

Application of Armos yarns and roving reinforced
composites has high effectiveness in comparison with
traditional kinds of materials in all cases for composite
materials and goods used under stretching where mini-
mal weight at high loading is required.

It should be note that Armos can replace asbestos in
friction materials. At present brake shoes made on the
base of para-aramides for automobiles, other vehicles,
high-speed powerful presses and other devices have
taken a position in the modern technique having solved
the very important ecological problem.

Para-aramide yarns and textile structures from them
are considerably seldom used for reinforcement of
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reactoplasts as high mechanical and thermal proper-
ties of these fibres are used not in full value. Moderate
adhesion of para-aramide fibres to thermo-plasts lim-
its the application sphere for these fibres in such ma-
terials.

Possibility of Tveriana yarns and fibres
application

Tverlana yarn and fibres have preferable possibility
for application in sphere of professional safety and for
rescues means in many cases — protective thermal
resistant garment and gloves for workers of different
specialisation — fire-mans, rescuers, special transport
drivers, workers of chemical and metallurgical industry
etc [16]. Tverlana is more economic kind of fibres in
comparison with SVM or Armos due to more low cost
of raw materials and partly — technology. The process-
ing of Tverlana yarn and fibres haven't any difficulties
in comparison with common fibres.

Conclusion

There were discussed requirements to fibres-forming
polymers and fibres with high mechanical properties
and thermal resistance. In paper are presented infor-
mation about aramide new elaborated fibres and yarns,
which are produced by J.-S. Co “Tverchimvolokno”
Armos (co-PABI) and Tverlana (co-PMABI). Compara-
tive data about mentioned above aramide fibres and
other aramide fibres based on PPTA (Twaron, Kevlar),
related copolymers (Terlon), PABI (SVM), PMIA
(Fenilon, Nomex) are shown. This information is use-
ful for selection of these fibres, based on them textiles
and manufactured goods in comparison of functional
properties and prices.

The functional advantages of hetero-cyclic aramide
fibres Armos and Tverlana) are shown in mechanical
properties and thermal resistance, especially open fire
action in comparison with fibres based on aromatic
carbo-cyclic aramides (PPTA and PMIA - fibres).

There are the planes of Armos and Tverlana fibres
production increasing based on reconstruction and
widening of workshops J-S Co “Tverchimvolokno”.
There are planes to increase Armos fibres production
and Tverlana fibres to organize in amounts, which will
be necessary for different consumers.

The ways of development para-aramide fibres will be
in joint cooperation of J-S Co “Tverchimvolokno” with
All-Russian Research Institute of Polymer Fibres,
Sankt-Petersburg State University of Technology AND
design and other institutions in Russia and abroad. The
specialists of mentioned above organizations lead a
great work in area of technology improving, assortment
widening, properties increasing and also economical
indexes improving.
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BIOACTIVE SYNTHETIC FIBRES

Struszczyk, H., Niekraszewicz, A., Lebioda, J., Brzoza, K.

Institute of Chemical Fibres, M.C. Skfodowskiej 19/27, 90-570 Lodz, Poland
e-mail: iwch @mazurek.man.lodz.pl

INTRODUCTION

The allergic diseases, especially in the breath
system like allergic rhinitis and astma bronchiales, are
becoming more and more dangerous for human health.
100 min people suffer from allergic diseases caused by
house-dust mites. The house-dust mites of
Pyroglyphidae strain, playing the most important role in
the allergy threat, themself are harmless for human
whereas their excrements in lump form with diameter
of 10-40um contain a lot of antigens. These antigens
are transfered into human breath system causing the
allergic reaction.

The house-mite dust problem in private and public
houses in Europe shows also a growing tendency. The
concentration of dust mites, especially in carpets, floor
coverings and bed clothes, shows a dramatically in-
creasing tendency in spite of the use of well-know
cleaning techniques or membrane covers for bed pil-

Table 1 Selected bioactive additives for PP, PET and PA-6 fibres

Symbol/name of additive ~ Producer

M-20 Esel Techtra Inc., South Korea

Triclosan (Irgasan DP300) Ciba, Switzerland

Tolnaftate Aarti Drugs Ltd., India

Permatrine (Coopex) AgrEvo Environmental Health Ltd,
Great Britain

Stearic acid SIGMA ALDRICH, Germany

Tanine Silesia University of Technology,

Poland

SIGMA ALDRICH, Germany

Actigard 87-12 Sanitized, Switzerland

Palmitic acid SIGMA ALDRICH, Germany

K -

c -

CA -

Benzyl benzoate

lows and quilts. Medical, technical and household tex-
tile producers express the requirment for the new “high
tech” bioactive chemical fibres useful for protection
against above diseases.

The aim of this work is to present some aspect of
bioactive chemical fibres containing selected additives
predisposed for reduction/elimination of dust-mites
hazard.

EXPERIMENTAL PART

Several additives for polyamide and polypropylene
fibres selected according to their bioactivity were used
(Table 1) for modification of polypropylene, polyamide-6
and polyester fibres. The additives were introduced into
polymeric chips before melt spinning.

Bioactivity of additives as well as modified fibres were
tested in vitro for inhibition of growth of fungi of Aspergil-
lus repens ATCC 10079, being a nutrition bridge for
dusty mites, at the Microbiological Laboratory of Insti-
tute of Chemical Fibres, Lodz, Poland according to in-
ternational Standard of SN 195921.

RESULTS

Some bioactive additives were tested according to
their activity for inhibition of the growth of Aspergillus
repens (Table 2).

Based on the results presented in Table 2 some se-
lected bioactive additives coded K, C and CA were
used for modification of polyamide, polypropylene and
polyester fibres. The results of bioactivity test are pre-
sented in Tables 3-5.

Table 2 inhibition of Aspergilius repens growth by selected additives

Symbol/name of additive Growth Description Result
M-20 middle no inhibition zone, growth reduced negative
Triclosan no inhibitiom zone higher than 1 mm positive
Tolnaftate full no inhibition zone negative
Permetrine no inhibition zone from 0 to 3 mm positive
Stearic acid full no inhibition zone negative
Tanine no inhibition zone from 0 to 3 mm positive
Benzyl benzoate middle inhibition zone from 5 to 10 mm limited action
Actigard 87-12 no inhibition zone from 85 to 100 mm positive
Palmitic acid full no inhibition zone negative
K no inhibition zone from 30 to 35 mm positive
C no inhibition zone from 20 to 30 mm positive
CA no inhibition zone from 25 to 35 mm positive
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Table 3 Inhibition of Aspergillus repens growth by modified polya- Table 4 Inhibition of Aspergillus repens growth by modified
mide fibres and knitted fabrics. polypropylene fibres.

Sample type Additive  Additive  Bioactivity Sample type Additive  Additive  Bioactivity
type content, % test result type content, % test result

Standard PA-6 (40/9) - - negative Standard PP (56/17) - - negative
PA-6 (40/9) K 0.5 positive Modified staple fibres C 0.5 positive
Cc 0.5 positive Modified (57/17) CA 0.5 positive

Knitted fabric (30% modified K 0.4 positive Modified (57/17) CA 1.0 positive
PA-6, 10% Elastil) Modified (56/17) K 0.35 positive
Knitted fabric (100% Cc 0.5 positive Modified (56/17) K 0.5 positive
modified filament) Modified (56/17) K 0.75 positive
Modified (56/17) K 1.0 positive

CONCLUSIONS

1. Selected bioactive additives were used for modifica-
tion of polyamide, polypropylene and polyester fibres
prepared by standard melt spinning technique.

2. Modified polyamide, polypropylene and polyester fi-
bres were distinguished by inhibition of the growth
of Aspergillus repens fungi, being a nutritious bridge
for dusty mites.

3. Modified chemical fibres seems to be suitable for
reduction or elimination of dusty mites.

Vidkna a textil 8 (2) 176-177 (2001)

Table 5 Inhibition of Aspergillus repens growth by modified poly-
ester fibres.

Sample type Additive Additive  Bioactivity
type content, % test result

Standard PET (52/16) - - negative

Modified (52/16) CA 1.0 limited action
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THE INFLUENCE OF VISCOELASTIC PROPERTIES OF FIBERS
ON THE COURSE OF THEIR MECHANICAL PROCESSING

Nosek, S.

Technical University Liberec.

The influence of viscoelastic and dynamic properties (dynamic compliability) of textile fibers,
yarns and other LTB’s (linear textile bodies) on the dynamics and resulting quality of mechanic
textile processes is described in the paper. Relevant properties of the participants of the textile
working process, i.e the viscoelastic properties of textile materials on one side and the dynamic
characteristics of active parts of textile machines on the other side, are described in terms of

rheologic and dynamic models.
1. Preface

Processing of textile materials represents a bilateral
exchange of energies between the working machine
and the object of processing. Yet the energy flow and
the resulting effect on the material depend on the re-
sistance of material against processing on one side,
and of course on the ability of the machine to overcome
this resistance on the other side.

As an illustration of that fact let us first observe a sim-
ple working process — stirring of some loose viscose
material in a mixer (Fig. 1.).

EQUILIBRIUM OF MOMENTS
Mmn Mm _Mb =0
M"'g"" My = Mo —kpy -0
Zmo,
K E
(0] R|+R 4
Mp =My + b.o
M, no80 . _80 Mno —My
Mo * 2n 2n (km+b\

Working effect =
=amount of impulses
imparted to the mate-
rial in a time unit

o
Processed
n

Retarding influences:

- working resistance km

of the machine @—
b - working resistance b

Decrease of working effect with of.processed.mater. @—

increase of material resistance

Fig. 1 The influences acting on the working effect of a producing sys-
tem a) viscoelastic properties of the processed material (= of
the object) b) inner machine properties (of the working char-
acteristics). (Simple stirring of materials taken here as an ex-
ample of the process.)

The mixer consists usually of a rotating propeller and
of a motor which transforms the energy gained from an
electric supply to the energy of rotation. The rotation
energy is then imparted to the material against its re-
sistance to stirring. This resistance depends on the
velocity of rotation o and on the viscoelastic proper-
ties E(jw) of the material. The working effect of stirring
is determined by the properties of both participants of
the process — by the s.c. moment characteristics de-

178

pending on the working speed of the working device
(M= f(jw)) and by the viscoelastic resistance
(R = g(v,e)) of the processed material.

It is evident, that the working device (mixer) influ-
ences the processed object the more, the higher fre-
guency and intensity of impulses can be imparted to the
object in a time unit. Yet the processed material influ-
ences the machine backwards, too, so that the mixer
rotates more slowly and yields lower useful output if the
material shows higher viscosity. The viscoelastic prop-
erties of material play here the basic role. They affect
not only the ability of the material to be processed but
also the productivity and quality of the whole process.

Similar effect of feedback from the processed mate-
rial back to the working machine occurs of course also
in more complex devices than in a simple mixing ma-
chine. The above mentioned statements on simple
mixing of materials hold therefore commonly for all
processing systems, especially for textile machines and
textile fibers and materials.

The feedback effect between any working machine
and processed material shows the Fig. 2. Today’s tex-

Control} ;
material inputs

Utility values
of the produc

Working device Working object
(the source of the consumer
working power P of energy)

and energy)

.
>

v

Influencing of the working |
device by the feedback [
from the processed material

Fig. 2 Influencing of the working machine by the feedback from the
processed material and vice versa.

tile machines must be designed as relatively light (with
low masses) due to the necessity to highten the ma-
chine working frequencies and productivity. In result of
that their mechanisms are more and more compliable.
With similarly compliable processed materials as e.g.
man-made fibers, the tandem ,machine - textile mate-
rial* functions as a single closed feedback circuit where
both members interferre with each other. The textile
material becomes thus an integral part of the whole pro-
ducing system.
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2. The textile material as a part of the working
unit ,textile machine + material*

Drawing of linear textile products.

Drawing of linear textile products represents an om-
nipresent process in textile materials treatment. In any
mechanic textile process an accompanying effect of
material treatment is usually the drawing or stretching
or other result of straining of textile materials between
the working mechanisms of textile machines: elonga-
tion of individual fibers, drawing of slivers, rowings,
straining of yarns, warps, fabrics, knitted fabrics
etc. There always act together the mechanism and the
textile material as a unit.

For the reason of shortness let us call the textile
products underlying the straining or drawing generally
as linear textile bodies (LTB).

Let us study the relevant dynamic properties of both
the processed textile material and the working ma-
chines as well.

Drawing of LTB's is followed by

- reversible elastic elongation (with maintaining the

molecular structure of the material), or

— irreversible stretching (with certain rearranging of

molecular structure), or with

- irreversible material extension (caused e.g. by slid-

ing of fibers on each other at drawing).

Processes illustrating these deformations (stretching,
drawing, weaving...) are shown on Fig. 3.

The deformations of textile materials rise not only
with steady velocities but often also with alternating or

STRETCHING

Vo DRAFTING

777
VA7

P

ULSES REBOWND AND DISTORTION,
T i I

H i i
CONTINUOS DELIVERING OF WARP BEATUQ
BY THE LETT+OFF MOTION; . IMPULSEFORM
[ IS U WS O ! TAKE-UP
o e >
crndenn Z [VISCOELASTIC MASSIVE WARP =
=PATH OF ELASTIC WAVES

PROPAGATION

WARP ELONGATION AFTER THE BEAT-UP

Fig. 3 Typical textile technologies where the textile materials (fibers)
are stretched without shifting of any particles along each other
or elongated under shifting of fibers with friction (in slivers,
rovings), or strained by short deformation pulses followed by
propagation of elastic tension waves along the LTB's (warp
ends) practically without sliding of fibers inside of yarns. In all
cases the deformations are both elastic and plastic.
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wavering or impulse-type courses of motion velocity,
which depend on the principles of the feeding and de-
livering devices in the given technological system.
Steady velocities correspond usually to the area of
spinning processes whereas the impulse-type un-
steady motions correspond mainly to knitting and weav-

ing.

Generalized drawing field.

After a certain abstraction, any textile technologic
system with some input and output delivering velocities
can be modelled as an generalized drawing device as
on Fig. 4.

Cdriver 1
dx

Idrivcr 1

[
v
<
51| ci 3
& e
» dx > i
» 1 AN
: i
; e
vi{x) L €(x) :
Vi j Q(x) ;
I v ;
5 : —

Fig. 4 Practically every mechanical textile process represents a sornt
of stretching of the processed textile material. An idealized
stretching device of some textile process is shown on the fig-
ure. An arbitrary LTB (fiber, yarn, warp... ) is stretched between
the fictitive delivery and take-up points on the textile machine
(here represented by two pairs of rollers). The courses of the
local speed (flow) v(x) of the material particle and the imme-
diate local elongation &(x) as well the resulting drawing force
Q (which is constant in the whole drawing field length) depend
on the input and output velocities v, v, and on the type and
value of the viscoelastic parameters of the stretched material.
Both the processed material as well as the driving mechanism
are less or more compliable and deform themselves due to act-
ing outer and inertia forces.

The idealized (generalized) drawing device consists
of two fictitive driving mechanisms acting on the LTB
— a feeding (delivering) driver and a drawing-off one.
On the figure the drivers are equipped with two pairs
of driving rollers, yet ofcourse the feeding and drawing-
off mechanisms on varios real machines can be real-
ized also in very different forms. Due to inner inertia of
the drivers (illustrated here by two flywheels with iner-
tia moments ly;ver 12), and due to elastic transmission
Cuariver 1.2 Of revolutions from the motors to active ele-
ments (to the rollers), the drivers may possibly react
dynamically (= with delay) on outer signals as well as
on the varying tension of the LTB between the rollers.
(The LTB represents the loading of drivers).
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In result of the elongation of material in the drawing
field, in the strained LTB arises a drawing force Q.
Whereas Q is naturally constant along the whole length
of material in the drawing field, the material elongation
&x) increases along the drawing field in various
courses depending on viscoelastic properties of mate-
rial.

Viscoelastic properties of the LTB's

Viscoelastic properties of a LTB with the real length
¢, total elasticity C, and some inner energy dispersion
(damping) B can be modelled by a chain of continu-
ously distributed differential models with lengths dx
which consist of springs with the rigidity ¢ = C(€¢/dx) in-
verse-proportional to that of the original, of dampers b
= B(¢/dx) and of distributed differential masses dm =
m.dx/¢. Capitals C, B represent the elasticity and
damping of the whole length ¢ of the original LTB,
whereas ¢, b belong to short sections dx of the model.

To express the different types of elasticity of the given
material, rheologic models [2] presented on the Fig. 5
can be used. If any of these models begins with a
spring in series, the model may represent elastic be-
haviour of the material without sliding of fibers or other
particles on each other inside of the LTB (e.g. it may
represent some retarded propaga-tion of elastic waves
in the body). On the contrary the models beginning with
dampers in series represent processes with sliding of
particles in the LTB or with irreversible deformations.

Description of a stationary model of viscoelasticity
of textile (mainly man-made) materials

The parameters of the model of some viscoelastic
material must respond to the course of the force/defor-
mation curve of material at the proportional increase of
elongation or at other types of straining.

To find the time course of elongation of one differen-
tial section dx of the LTB let us observe e.g. the 4-ele-
ment elasticity model in the form as in the Fig. 4.
(damper-spring-(spring//damper)) = -EJWEE‘KI- .

In each element of the model the longitudinal force
Q causes a deformation described by the equations

a(y=b, B0+ o) = b.pie, - o1
Q(t) = c4[€2(p) - &4(P)] = Q(p) = ¢4[&2(P) - &(P)]
_ d o5t o 1 -

Q= c2+barg a0+ -0} =

=Q(p)=(co + bzp){[é(p) + %f(p)dXJ -& (p)}

Here & &, &, [€ + (64 0x)dx] are the deformations of
function points between individual elements of the

model.
Notice: It is of advantage to write these equations
in the Laplace operator form where a function of time
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Fig. 5 Rheologic models of viscoelastic behaviour of textile fibers or
of other LTB's (= linear textile bodies). Models which start with
a spring represent elastic deformation of fibers accompanied
with some time delay of the deformation. Models which start
with a damper represent sliding of fibers on each other, accom-
panied with some viscoelastic deformation.

tis transformed to a function of the s.c. Laplace op-
erator p, e.g. &) — &(p). The operator p represents
a symbol of 1.st derivative: p.&(p) — &0) = (d/dt) &(1).
Operator methods bring a simplification into the cal-
culations: the set of operator equations can be
solved as plain algebraic equations. Their results Q
=Q(p), £= &(p) can be then simply transferred back
into the time domain Q(t), &£(t), when using ready
solutions content in tables of two-sided Laplace
transforms [3] prepared already before by a row of
authors.

If some section dx of material is loaded by the force
Q(1) it starts to elongate by values [6£(x,1)/dx].dx =
£x).dx yielding from the equation (1) (which represents
in fact the generalized Hook's law in the operator form):

_ o, Pril+p72) 05(X.P) . _
Qlp) =c; 1+a.p+ p’.pz ox o @)
_E().A 05(xp) 4

dx _0x

&(x,p)

Here 7, = by/cy; 7 = by/Co; a=[(Cy + C)/Co). 7y + ; B=
7,1, are the time constants of the elongation &(xt) re-
acting on the force Q(t).The coefficient [E(p)A)/dx be-
tween the force Q and elongation £.dx of the section dx
represents the dynamic elasticity of the section dx of
the strained material. A/dx is the material cross section
divided by the length dx of the differential model, and
E(p) is the operator modulus of elasticity (the general-
ized ,complex modulus®).

For the step-form force Q(t) = Q.1(t) = Q.(1/p) the cor-
responding elongation d&(x,t) = [0&4(x,1)/ox]dx = &(x,t).dx
of the 4-element model in the section dx is from (2)

Ql, t ¢ t
dé(x,t) = g(x, t)dx = 0—1[1 +r_1 +€;—(1 - eXp[‘ZJH 3)

here t = x/v,, ¢; = C4(€¢/dx) (C, = elasticity of the real
material length, c,= elasticity of the differential model).
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After certain transition process at the start, the
elongation of the 4-elem. model increases proportionally to
time.

Similarly all other types of rheologic models can be de-
scribed. Their behaviour may be but very different to (3)
according to different organisations of various models.

Process of elongation of moving (yielding)
viscoelastic material in the drawing field.

Textile materials practically newer work stationary
like the rheologic models described in the literature:
being fixed between two steady points without motion
and strained by some given constant or varying force
or deformation.

The textile material practically allways passes
through some working process, the parts of the mate-
rial successively entering the working line and leaving
it on the other end. During the passage the material
particles are exposed to forces so that at the given time
instant the parts which entered sooner are exposed to
acting forces allready for a longer time than those which
entered later. Therefore the transformation processes
(deformations, form transformations, chemical reac-
tions etc.) with the longer influenced parts of material
are accomplished with a greater extent than with the
parts just arriving into the line.

The process of continuous material straining in any
textile machine can be iilustrated as the passage of a
series of differential sections dx of textile material (LTB)
through an idealized drawing field with feeding and
drawing-off devices with different input and output ve-
locities vy, Vo, not necessary steady. During passing
through the drawing field the material is loaded by the
drawing force Q. In result of it and of the material vis-
cosity the material ,creeps” in the course of time. Indi-
vidual sections dx of the material can be modelied by
using the known rheologic models of elasticity.

During a period t of time the feeding device inserts
into the drawing field a length X(t) of (unstretched)
material. In this time period individual sections dx of the
inserted reach successively the positions x, x+dx,
x+2dx..., X in the times t, = x/v,, t,.q,= t,+dt=
(x + dx)/v;..., t = X/v,. During these individual times the
sections dx dilate by the increments d&(x,t,) according
to eq. (3). The total elongation &(t) of the inserted length
X(t) is then given by the integral of the increments
d&(x,t,) in all sections of X. When addying to the total
elongation &t) the originally inserted unstrained length
Xiot(t) we obtain the total path X(t) of the material which
has been covered in the given time t:

Xior ()= X(1) + 0) = vt + [ 40x, )t =

_ Q V1T1
_V1t+C—1 X (4)
e\t 1t ¢ ¢
R L BT T
X[[ Cz]ﬁ 272 ¢ T1( Pl /12]):'
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If the properties of the strained material are those of
the 4-element model, the covered path of any material
section dx in the drawing field increases progressively
with the time t or with corresponding inserted length
x?=(v,.1)2 It does not increase linearly as it is usually
suposed e.g.in the theory of spinning as if the material
would be purely elastic.

Now from the eq. (4) it is possible to derive further
important equations discribing the process of material
straining in an idealized drawing field:

The motion velocity of a section dx of material (by dif-
ferentiation of the eq. (4)):

Vigg (1) = v1{1+-60—£{(1 +ﬁ)+i ~ & exp(-t/ 7, )}} (5)

1 Ca) 71 Co

The drawing force Q follows from the egs (4) and (5)
when considering that the total strained length of in-
serted material X,,, = X + £ covers the length L of the
drawing field:

L = Xia(T) (6)

The transcendent equations have to be solved to-
gether by numeric methods, yet with some
simplifications (supposed e.g. long drawing fields
where the exponential functions fade off) we can ob-
tain coarsely the expression

] o

The courses of relative elongation of material
&x) = &(v4.t) (according the eq.(3)), of local velocity
vy <V(X) <V, (eq. (5)), and of the drawing force Q(t) = Q
(eq. (7)) are plotted on Fig. 4.

As it can be seen from the expression (3) and on the
Fig. 4 bellow, the course of elongation g(x).dx=d¢ is
unsteady. It starts immediatelly with a jump, yet then
decreases a bit and at the end of the drawing field it
grows again practically proportionally to time ¢ or dis-
tance x. The exact form of elongation depends
ofcourse on the type (on the rheologic model) of the
material viscoelasticity and on the elasticity and time
constants of the material.

Yet the textile materials — natural as well as man
made - can show up different viscoelastic properties
expressed e.g. by various more or less complex types
of rheologic models. Also the time- and proportionality
constants 7, C; of the models may differ significantly
what influences the resulting courses of material defor-
mation and strain. On the Fig. 6 courses of £(x), v(x),
and Q are plotted for main known types of visco-
elasticity models. For possi bility to compare the influ-
ences of the model types on the deformation courses
the time and proportionality constants have been kept
the same for every model types.

O:_C_Vz-W L
T4 vy |1+cifecs
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Similarly to a LTB in the above mentioned fictitive
models with the textile material strained between two
simple and steadily working drivers, in real dynamically
moving textile machines work also the real textile ma-
terials — in a drafting machine, spinning and winding
machine, warping machine, weaving loom etc.

0 0.2
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Fig. 6 The influence of various viscoelastic behaviours of different tex-
tile materials (represented by various rheologic models) on the
generalized process of drawing of LTB’s occuring in various
forms practically during any textile technology. Different rela-
tions between viscose and elastic resistances change signifi-
cantly the courses of material elongation £X) in the drawing
field as well as the values of drawing forces Q.

On the base of dynamic analyses like that one shown
in this paper the influences of various properties of tex-
tile materials on various working processes can be
studied. The problems can be certainly wider than just
the described steady drawing of a fictitive LTB. E.g. in
the weaving process the deformations of the processed
material obtain a impulse form, what certainly brings
further complications into the solution. The working
mechanisms of the machines are not rigid enough and
therefore they yield under the resisting forces of the
material, as it was mentioned with the simple model of
a mixer loaded by the stirred viscoelastic material on
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the beginning of this paper. With very fast dynamic
processes as it is especially weaving of today even the
masses of the processed material (warp and wefts)
play a significant role. There arise effects like propaga-
tion and rebound of tension waves in the material —
warp as well as weft. The dynamic characteristics of
elasticity of these materials become then still more
complicated than those shown here. During high dy-
namic loading of that type the material can change its
properties in the course of time, what needs to be stud-
ied, too.

Literature

[1] — Nosek Stanislav: Straining of various linear textile bodies in
generalized drawing fields, mainly in warps on looms. Book
of proceedings, Conf. Textile Science, TU Liberec 1998.
[2] - Dillon J. H., Rezinovskij M. M., Priss L. S. Ustalost vysoko-
polimerov. Gos.Naué.Issled.lzdat. Moskva 1957
— Ferry J.D. Viscoelastic Properties of Polymers.John Wiley,
N.Y.1960.
—~ Freudenthal A.M. Inelastisches Verhalten von Werkstoffen.

Vidkna a textil 8 (2) 178—183 (2001)

VEB Verlag Technik, Berlin 1955.

— Holodniok M, Kli¢ A., Kubigek M., Marek M. Metody analyzy
nelinearnich dynamic. modell. Academia Praha 1986.

— Holzmdller W., Altenburg K. Physik der Kunstoffe. Ak.Verlag
Berlin 1961.

— Jambrich M., Pikler A., Diagik J. Fyzika vlakien.
Alfa Bratislava 1987.

— Leadermann H. Elastic and Creep Properties of Filament Ma-
terials. The Textile Found., Washington 1943

— Plander T.,Tomas J. Dynamické vlastnosti viskoelastickych
materidlov. SAV Bratislava 1964.

— and other publications on viscoelasticity.....

[3] — Pirko Z., Veit J.: Laplaceova transformace (The Laplace
Transform). SNTL/Alfa, Praha - Bratislava 1970
- Nixon J. Principy soustav automatického fizeni (Principles
of Systems of Automatic Control)-Appendix: The Laplace
Transform (incl. list of Laplace transforms)

[4] — Nosek Stanislav : Teorie tkani i-lll. (Theory of Weaving | —
I11.). Ddm Techniky Pardubice 1988-9.

— Nosek Stanislav: The dynamics of fabric forming on the loom
at high weaving rates. Indian Journal of Fibre and Textile
Research Vol.19, September 1994, pp.125-138.

— and other publications on these topics.

183



STRUCTURE AND PROPERTIES OF SUPERCRITICAL
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The influence of different treatment media, e.g. supercritical CO, fluid, water and hot air, re-
spectively at the same thermal conditions on poly(ethylene terephthalate) (PET) fibre properties
was investigated. Different treatment media caused some structural changes in polymer but were
not pronounced enough to influence significantly the fibre properties.

INTRODUCTION

The fine structure of poly(ethylene terephthalate)
(PET) fibres varies with processing history and due to
these differences fibre properties are influenced [1-4].
In general, the higher orientation introduced at drawing,
the higher will be tenacity and the lower its extensibil-
ity. An increase in crystallinity due to heat setting of
PET fibres completes the effect of high orientation [1].
For commercial PET fibres a highly oriented and devel-
oped crystalline structure is characteristic. Any addi-
tional high temperature treatment of fibres can cause
some structural changes which can influence the fibre
properties.

Recently supercritical CO, fluid (critical conditions of
CO,: Tc= 304.2 K, p.= 7.38 MPa), an environmentally
friendly medium for transportation for hydrophobic
dyes, was introduced in the textile fibres dyeing proc-
esses. The energy saving and no waste water are the
main advantages of this dyeing process [5-6]. Struc-
tural changes in poly(ethylene terephthalate)
multifilament yarn caused by supercritical CO, fluid
blind dyeing were intensively studied by means of dif-
ferent analytical methods. e.g. x-ray scattering, density
measurements, calorimetry and SEM analyses [6-10].
The determined effect of the supercritical fluid treat-
ment on the structural changes was additionally com-
pared to the changes in PET fibres observed after con-
ventional dyeing in hot water and after heating the
fibres in dry air, respectively [10].

It was found that supercritical CO,fluid increases the
crystallinity parameter of the polymer fibre due to for-
mation of new smaller or less perfect crystallites or due
to an increase of imperfection of the previously formed
crystallites [8]. Different treatment conditions show lit-
tle difference with respect to the observed changes in
crystalline structure [10]. The crystalline orientation
remains nearly unchanged after treating PET fibres in
different media at the same temperature conditions [9].

The microvoid system of the fibres is slightly influ-
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enced by different thermal treatment. Some oligomers
from the inner part of the fibres are pushed by the el-
evated pressure to the fibre surface and at their previ-
ous place new microvoids are formed. SCF causes a
dispersion of a void in a few smaller voids and addition-
ally new voids are formed [7].

EXPERIMENTAL

Preparation of the samples

The analyses were carried out on a PET multiflament
yarn (dtex 143 f 48) from Hoechst (Bobingen). The SCF
blind yeing was performed in an apparatus Andreas
Hofer. The SCF treatment condition were: T = 130 °C,
p= 40 MPa, t = 60 min. The dyeing in water medium
and CO, fluid was similar to conditions employed in
conventional textile processing. The blind-dyeing in the
water medium was performed in the laboratory dyeing
apparatus Ahiba. Dyeing was started at 70 °C, after-
wards the temperature was raised to 130 °C at a heat-
ing rate of 2 °C/min. Dyeing was carried out at this tem-
perature for 60 min. The cooling rate of the dyeing bath
was the same, 2 °C/min. The fibres were hot air treated
in a forced draft oven at the same temperature condi-
tions as the blind water dyeing of the fibres. All thermal
treatments were performed with the yarn wound up on
perforated cylinders.

Analytical methods

Thermomechanical Analysis TMA, a method for the
determination of mechanical properties under tensile
load in a thermally controlled environment was per-
formed by means of a Shimadzu TMA-50 detector. The
measurements were carried out under different experi-
mental conditions. The heating rate was 10 °C/min and
5 °C/min, respectively and maximal temperature be-
tween 150 and 230 °C. The measurements were per-
formed without the initial load and with it, i.e. 0.5 N and
1N load, respectively.
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Table 1 Fine structure changes of PET fibres treated under different conditions [7-10]

Sample Untreated SCF treated Water treated Hot air treated
Density (g/cm?) 1.3881 1.4001 1.3961 1.3976
Crystallinity index (from density) 0.464 0.564 0.531 0.531
Long spacing (nm) 16,3 15.7 16.0 15.8
Dimension of crystallites D(ygq), (NM) 8.1 6.3 5.9 6.4
Dimension of crystallites Dy, (nm) 6.2 47 4.4 47
Dimension of crystallites Dy, (nmM) 5.6 5.1 5.0 5.0
Orientation of crystallites 0.9714 0.9763 0.9758 0.9755
Volume fraction of voids (%) 1.38 2.07 2.58 2.21

Additionally stress-strain curves were measured on
the dynamometer Statigraph S Textechno (Herbert
Stein) with the length between the clamps of 500 mm
according to ISO 2062 [11]. Average data were calcu-
lated from 10 experiments.

RESULTS

Fine structure changes observed after the SCF, wa-
ter and hot air treatment of PET samples treated at
130 °C are given in Table 1 [7-10].

The deformation of PET samples under load was
measured while the samples were heated linearly

(Fig.1).
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Fig. 1 TMA relaxation curves of PET fibres treated under differ-
ent conditions

The thermal history of the samples influences the
thermomechanical properties of PET fibres to some
extent (cf. Fig.1). Some slight changes in thermal ex-
pansion characteristics of the PET polymer due to the

increased crystallinity index and increased crystalline
orientation are observed with all treated fibres, espe-
cially after treating PET fibres in SCF. Very slight dif-
ferences between the expansion coefficients of the
treated samples can be observed when comparing the
slope of the TMA curves of treated fibres, but the
curves are significantly different in comparison to the
TMA curve of the untreated fibre.

Elongation ¢ and stress at break o for some of the
analysed samples are presented in Table 2. Any treat-
ment increases the strength of the filaments, but tak-
ing into account the variation coefficient (CV) between
3 to 9 %, the differences between the various treated
samples are not significant. o/c results do not point to
any change of mechanical properties. Probably the
structural changes are not pronounced enough to be
reflected in changed mechanical properties.

CONCLUSIONS

PET fibres with a highly developed microfibrillar struc-
ture were supercrical fluid dyed, conventional water
dyed and hot dry air treated in accordance with the
conventional conditions used in practice. Different treat-
ment conditions change the fibre structure to some
extent and some changes in fibre thermomechanical
properties were detected as well, but the observed
structural changes are not pronounced enough to in-
fluence much the mechanical properties of the fibres.
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