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A. SOUHRN UVEREJNENYCH VEDECKYCH A TECHNICKYCH
PRACI

Védecké priace v mezinarodnich ¢asopisech s recenznim Fizenim
a) tykajici se problematiky habilita¢ni prace

1. VaniCek J., Janacek J.: Differences in the mechanical and optical behavior of a physical
network of amorphous polv(ethylene terephthalate) as a result of annealing J.Polymer Sci.,
Polymer Symposia No. 53 , 325 (1975)

2. Koukol L., Vaniéek J.: Mikroskopische Untersuchung des Reokens amorpher

Polydthylenterephthalatfiden. Faserfoschung und Textiltechnik 27(12), 655 (1976)

3. Vaniéek J., Jansa J.: Beitrag zur Auswertung des natiirlichen Verstreckungsverhdlinisses
amorpher Polvdthyleneterephthalatiden Faserforschung und Textiltechnik 29(8), 544 (1978)

4. Budin J., Vani¢ek J.: DSC [nvestigation on Interchange Reaction in the Melt of Different
Polyesters. Thermochimica Acta 28, 15— 21 (1979)

5. Vani€ek J.: DSC /nvestigation of an Isothermal Crystallize polyethylene terephthalate
Thermochimica Acta 30, 1 — 7 (1979)

6. Vanicek J., Budin J., Berka M.: [sothermal crystallization measurements on copolyesters by
differential scanning calorimetry. J. Thermal Analysis 12, 83 (1977)

7. Militky J., Vanicek J., Dostal J., Jansa J., Cép J.: Influence of diethyleneglycole content on
behavior of poly ethylene terephthalate) fibres. J. Appl. Polym. Sci. 25, 1195 (1980)

8. Vanicek J., Militky J., Sittler E.: Influence of chemical modification on the structure and
properties of poly(ethylene terephthalate) fibres. Acta Polymerica 31,546 (1980)

b) ostatni prace

9. Klimek M., VaniCek J.: Calculation of DNA synthesis in UV irradiated mammalian cells. The
role of pyrimidine dimmers and of the by-pass mechanism. Studia biophysica 12, 83 — 90 (1968)

10. Klimek M., Vaniéek J: The role of pyrimidine dimmers in the inhibition of DNA svnthesis in
mammalian cells afier ultraviolet irradiation. The mathematical interpretation of resulls.
Mathematical Bioscience 9, 165-177 (1970)

I'1. Vani¢ek J., Klimek M.: 4 mathematical model of the course of the DNA synthesis in
mammalian cells after ultraviolet irradiation and its use in the determination of the length of the
replicon. Currents in Modern Biology 3, 347- 352 (1971)

12. Kolafik J., Vanicek J, Migliaresi C.: Preparation and strength of poly (ethylene terephthalate)
fiber bundles for model synthetic tendons. J.Biomed.Mater.Res. 18, 115-121(1984)



Védecké prace v narodnich ¢asopisech
a) tykajici se problematiky habilita¢ni prace

13. Vani€ek J., Vondrakova J.: Iznik defektu pri kabelovém nebo kabilkovém dlouzeni
polyesterovych viaken. Textil 24 (5) , 168 — 172 (1974)

14. Vanitek J., Berka M.: Vliv tepeiné historie nedlouzeného polyetylentereftalatového viakna na
predorientaci a dlouzeni. Chemické vlidkna 24 (4) ,95 — 104 (1974)

15. Vaniéek J.:Stanoveni rovnovazné teploty tani a skelného prechodu u polyetylenterefialdatového
vildkna na DSC. Chemicky prumysl 25(8) ,423 (1975)

16. Budin J., Vaniéek J.: Termooxidacni degradace modifikovaného polyesteru. Chemicky
prumysl 27(1) , 14 (1977)

17. Vaniéek J.: Studium anizotropie nedlouzeného amorfniho vidkna = polyetylenterefialdatu.
Chemické vldkna, 25(6) , 211 (1975)

18. Vanicek J.: Sledovani tepelné fixace polyesterovych vlaken pomoci termické analyzy. Textil
30(9), 328 (1975)

19. Sittlerova H., Vaniéek J., Jalovecky J.: VIiv vicefunkcnich komonomeru na vlastnosti
vidknotvorného polyesteru. Chemické viakna 28(6),181 (1978)

20. Vani¢ek J., Berka M.: Nékiteré aplikace termické analyzy pri hodnoceni tepelnych vlivu na
polyesterova a polvamidova vidkna a textilie. Textil 33(10), 368 (1978)

b) ostatni prace

21. Sittler E., Vaniéek J.: Nové postupy modifikace polyesterovyich stfizovyich vidken. Chemické
vliakna 27(2-4), 165 (1977)

22. Vaniéek J., Budin J., Filip J.:V1iv chemické a fy=zikalni modifikace na vlastnosti a strukturu
polvesterovych viaken.l. Obecné uvahy. Vlakno se zlepsenou vyvbavitelnosti a snizenym sklonem ke
Zmolkovani. Textil 33(1), 3 (1978)

23. Budin J., Vanic¢ek J., Filip J.: Vliv chemické a fvzikalni modifikace na viastnosti a strukturu
polyesterovych viaken.11. Vidkna srazliva, nehorlava a antistaticka Textil 33(2), 43 (1978)

24. Filip J., Vani¢ek J., Budin J.: Vliv chemické a fyzikalni modifikace na viastnosti a strukturu
polvesterovych vlaken.Ill. Polyesterova viakna pro progresivai textilni technologie Textil 33(3),
84 (1978)

25. Filip J., Pe¢man V., Vanicek J., Vondrikova J.: Prispévek k méreni ohybovyich viastnosti a
moZnosti jejich ovlivaéni v procesu vyroby PES vidken. Textil 34(4),125 (1979)

26. Vanicek J., Koukol L., Berka M.: Vv fyzikalnich podminek pripravy polyesterovych vidken
na jejich odolnost v ohybu. Chemické vlikna 29(1-2),37 (1979



Monografie, u¢ebnice

27. Militky J., Vani€ek J., Krystifek J., Hartych V.: Modifikovand polyesterova vidkna, SNTL
Praha 1984 — monogratie, podil 40 %

28. Militky J., Vani¢ek J., Krystifek J., Hartych V.: Modified Polyester Fibres , Elsevier 1989
ro=Sifend a upravenda monografie v anglictiné, podil 40%

Védecké prace ve sbornicich (doma i v zahranici)

a) tykajici se problematiky habilitaéni price

29. Vaniéek J : Some Application of DSC in Polyester Fiber Production | Thermal Analysis,
Vol.3., Akadémiai Kiado, (E.Buzds,Ed),Budapest 1975,p.379-388

30. Vaniéek J.: Vvuzuti termické analyzy ve vyzkumu a vyrobé polyesterovych vidken.
X.aktiv viaknaru, Ceské Budéjovice, zari 1972, Sbornik predndsek II. dil, referdt ¢. 37

31. Vani¢ek J., Berka M.: I'liv tepelné historie nedlouzeného polyvetvlenterefialatového vidkna na
predorientaci a dlouzeni. XI. Aktiv vliaknaru, Ceské Budéjovice, kvéten 1974, Sbornik prednasek,

referdt .6

32. Vanicek J., Budin J., Berka M.: Sledovani kinetiky krystalizace polyesteru pomoci
diferencialni snimaci kalorimetrie. VIIL. celoStdtnd konference o termickej analyze, THERMANAL
76, Vysoké Tatry, fijen 76, Sbornik predndsek, sekce O, str. 53

33. Budin J., Kvizova M., Vanicek J.: Studium vyménnych reakci pri pFipravé modifikovaného
polyetvlenterefialatu kyselinou isoftalovou. XII. Aktiv vlaknaru, referdt ¢. 5, Ceské Budéjovice,
1976

34. Vanicek J., Sedlaéek P., Koukol L.: Zmény struktury a vlastnosti viaken pri smrsténi. XII.
Aktiv vlaknaru, referat ¢. 9, Ceské Budéjovice, 1976

35. Vanicek J., Sedlacek P., Koukol L.: Chovani polyesterovych vidken v prubéhu smrsténi
struktura a vlastnosti. Mezindrodni sympozium o chemickych vidknech, Kalinin 1976, SSSR,
Sbhornik prednasek, svazek 1, str.247 — 252

36. Budin J., Vanicek J.: DSC’ Investigation on Interchange Reaction in the Melt of Different
Polyesters. Proceedings of the 1" European Symposium on Thermal Analysis (D.Dollimore, Ed.)
HEYDEN, London, 1977

37. Berka M., Vanicek J.: Sledovani kinetiky krystalizace polyesteru pomoci DSC — a hustotniho
gradientu a vzajemné srovaani obou metod. Konference Makrotest 1978, Sbornik s. 179,
Pardubice 1978

38. Berka M., Vaniéek J.: Metodické problémy stanoveni teploty skelného prechodu
polyetylentereftalatu. Zbornik VII.Celostitnéj konference o termickej analyze. Vysoké Tatry 2-
5.10.1979. THERMANAL’79, str. 239-42 g

39. Vanicek J.,Berka M..: Rozdily v termickém chovani razné orientovanych polyamidovych a
polyesterovych vlaken. Zbornik VII.Celostatnéj konference o termickej analyze, Vysoké Tam' o
5.10.1979. THERMANAL’79, str. 223-26 .



40. Vanicek J Berka M: SC Behaviour of Isothermally Annealed Fibres. Thermal Analysis
Vol.2.,415-420 (W.Hemminger,Ed), Proceedings of 6™ International Conference on Thermal
Analysis, Bayreuth, July 6-12,1980

41 Militky J., Vanicek J., Berka M.: Vyuziti metody moldrnich prispévku pro predikaci vybranych
charakteristik kopolvesterovych vidken, Sbornik predndsek,str. 15 ,,Védeckd konference SVST
Bratislava, zari 1982

b) ostatni prace

42. Klimek M., Vani¢ek J.- Uloha pyrimidinovych dimerti v inhibici synthesy DNK v L burkach a
reparacnni” efekt _by-pass™ mechanismu. Radiobiologickd konference, Brno 1968, Souhrn
referdtu s.27.

43. Blazek J., Vaniéek J., Franta J.: Ucinky ultrazvuku na polyesterové vidkno v prubéhu jeho
vyroby. Konference ,,VyuZiti ultrazvuku v chemickém priemysle*, Trencin, Cerven 1975. Shornik
prednasek s.34-37, Dum techniky SVTS, Bratislava 1975

44 Vanicek J., Sedlacek P., Jansa: Reologie smrsténi polyesterovych vidken, 41. Zaseddni
CSCH, odborna skupina reologie , Dvir Krdlové n.L., Sbornik str. 4, 1977

45. Vanicek J., Hylena J.: Nékteré poznatky = pripravy a zpracovani srazlivych polyesterovych
vldken se zlepsenou barvitelnosti. XIIL aktiv vlaiknaru, Sbornik s.106, Ceské Budéjovice 1978

46. Vanicek J., Budin J., Pe¢man V.: Méreni specifické tuhosti polvamidovych monofilu na
dvnamometru [nstron. Konference Polyamidy 78, Sbornik s. 20, DT Pardubice, Chlum u
Treboné 1978

47 Militky J., Jansa J., Vanicek J., (ap J.: Influence of modifying component on stress-strain
behavior of PET, Proceedings 5" Int.Conf. ,Modified Polymers®, Bratislava , July 1979

48. Militky J., Dostal J., VaniCek.: Bezeithungen zwischen der Féarbbstkriz und den
technologischen Parametren bei der Herstellung von PE-Faser , INTERCOLOR 79, Drdid’any,
1979, Sbornik ref.c.V

49 Militky J., \ anic¢ek J., Dostal J.: Relation between sorptive and mechanical behavior of PET.
Proceedings 26" Symposium on Macromolecules IUPAC, Mainz, September 1979

50. Jansa J., Kudrna M., Militky J., \aamcck J.s Acoustic Derivative Methods for Studying
Deformation of I'ibres, Proceedings 26" Symposium on  Macromolecules IUPAC, Mainz,
September 1979

51. Militky J., Jansa J., Dostal J., Vanicek J.: V=tah mezi akustickymi a mechanickymi
charakteristikami kopolyesteru. Sbornik pfedndsek, Konference FIBRICHEM 80, Bratislava,
cerven 1980

52 Militky J., 5 ap J., Vaniéek J.: Influence of Co-monomer on Dyeability of PET.
Proceedings 1 2’ Congress IFATCC, Budapest 1981



53. Militky J., Jansa J., Vani¢ek J.: Vv rychlostniho zvldknovani na strukturu POY  vldken.
Sbornik prednasek, Mezindarodni konference ., Vldknotvorné polymery*, Strbské Pleso, kvéten
1981.

54. Militky J., Vanicek J.: V=tahy mezi strukturou PES vldken a je;.'ch sorpcnimi chovanim. .
Sbornik prednasek, XV.konference ., Vliknotvorné polymery*, Strbské Pleso, kvéten 1982
Referatové a prehledné ¢lanky
a) tykajici se problematiky habilita¢ni prace

55. Vani€ek J.: Kvantitativni urceni fazovych prechodu polyesteru pomoci DSC. SemindFf
Mikrokalorimetrie makromolekul, UMCH CSAV, Praha, kvéten 1976

56. Vaniéek J. Berka M: DSC' Behaviour of Polyamide and Polyester Having Been Annealed in
Water or in Hot Air Respectivelv. 20 Prague Microsymposium on Macromolecules
wMicrocalorimetry of Macromolecules*, Prague, July 16-19,1979, Ref.No,.21

b) ostatni prace

57. Vaniéek J. : Stanoveni stredni délky replikonu v chromosomu savcich L-bunék.

Studentska védeckd konference prirodovédecka fakulty UJEP Brno, 1969 (nejlepst studentska
prdce)

58. Vaniéek J.: Diouzeni amorfniho polymeru -a studena. 33.zasedani Ceskoslovenské spolecnosti
chemické, odborné skupiny reologie, Pland nad LuZnici, duben 1975

59. Vani€ek J., Koukol L.:Relation between cold drawing and crazing of amorphous polyethylene
terephthalate. 5" International Symposium ,, Polymers 75 Varna 1975

60. Sedlacek P., Vanicek J., Filip J., Baldrian J: Pusobeni textilniho predeni na strukturu a
vlastnosti polyesterovvch strizovvch viaken. XIII aktiv vidknara, Sbornik s.134, Ceské
Budéjovice 1978

61. Jansa J., Kudrna M., Militky J., Vaniéek J.: Reo-optické a akustické metody studia
deformacniho procesu textilnich vidken. XIII. aktiv vidknarii, Sbornik s.75, Ceské Budéjovice
1978

62. Vanicek J. : ['vzikalni struktura syntetickych vldaken, Vesmir,59(5),133-7 (1980)

63. Militky J., Vanicek J., Dostal.: Viiv struktury PES vidken na jejich barvitelnost dispersnimi
barvivy. Zajimavosti SVUT, No 5, 151-186 (1978)

Prednasky a postery na mezinarodnich konferencich
a) tykajici se problematiky habilita¢ni prace

64. Vani¢ek J., Janacek J.: Differences in the mechanical and optical behavior of a physical
network of amorphous poly (ethylene terephthalate) as a result of annealing. 14™ Prague
Microsymposia on Macromolecules ,,Crosslining and Networks*, Prague 1974 Abstract G3

65. Vanicek J : Some Application of DSC' in Polvester Fiber Production . £t International
Conference on Thermal Analysis, Budapest, 1974



66. Sittler E., Vani¢ek J.: Nové postupy modifikace polyesterovych stfizovvch vidken. III. Kongres
FIBRICHEM 77, Bratislava 1977

67. Vani€ek J.: Secondarv Transition of Crystalline Poly (ethvlene terephthalate) by DSC.
Proceedings Ist Czechoslovak Conference on Calorimetry, ref. No .A 11,Liblice 1977

68. Militky J., Vani¢ek J., Dostal J.: Relation between structure and sorption behavior of
polviethviene terephthalate) fibers. International Symposium on  Macromolecular Chemistry,
Abstracts of short communications, Vol. 5 (poster paper No. 237), Taskent, SSSR. 1978

69. Vanicek J., Militky J., Cap.: Differentially shrinkable copolyesters fibres — structure and
properties. Int. Conf. ,,Chemical Fibres*“, Varna , Fijen 1982

70. Militky J., Vaniéek J.: Fvuziti metod termické analyzy pro hodnoceni sorpcnich vlastnosti
modifikovanych PES viaken. Proceedings Conference INTERCOLOR 87, Rumunsko, zdfi
1987

b) ostatni prace

71. Klimek M., Vanicek J.: Calculation of DNA synthesis in UV irradiated mammalian cells. The
role of pyrimidine dimmers and of the by-pass mechanism. Sixth Annual Meeting of the European
Society for Radiation Biology. Interlaken, Svycarsko, July 1968.

72. Vaniek J.: Theory of cold drawing of amorphous polymers. Proceedings of the VIIth
International Congress on Rheology, p.419-21, (C.Klason, J.Kubdt, Eds.), Gothenburg, 1976

73. Militky J., Jansa J., Vaniéek.: /nvestigation of Structural Changes in PET During Tensile
Deformation. Proceedings Int. Symp. On Macromolecules IUPAC, Napoli, September 1980

74 Militky J., Vanicek J., Cap J.: Some methods for improving dyeability of PET fibres. Int.
Conf. ,,Chemical Fibres* , Varna , fijen 1982

75. Vaniéek J., Srata F.,Bandzuch J.: Water Sorption in the System [Fibre Finishing Agent Int.
Conf. ,,Chemical Fibres* , Varna , October 1982

76. Militky J., Vanicek J., Vavacek M., Cap J.: Ultimate Mechanical Properties of Modified
PLT Fibres, Proceedings IVth Int. Symp. On Man Made Fibres, Kalinin, May 1968

77. Militky J., Vanicek J., Vaviacek M., Hes L.: Influence of Co-monomer Content on
Viscoelastic Properties of Modified PET Fibres, Proceedings IVith Int. Symp. On Man Made
Fibres, Kalinin , May 1968

78. Vanicek J., Militky J.: (/ltimate strength of PET fibres and its relation to thermal and
mechanical fustory. Symposium ,, Zeitisse Technologien fiir Herstellung und Verarbaitung der
Polyesterseide...*. Dimitrograd , rijen 1986

79. \’lll““}' -l., Vanicek J.: f)‘];’(_'tfbf/-’f_l' f)/.n’h‘l{l;fﬂ,'(!fl)!',.fllf”);‘('_\" ¥ ‘srl-"'!)”s"“"] “Z‘)'l"ﬁss‘_)
Technologien fiir Herstellung und Verarbaitung der Polyesterseide... " Dimitrograd , October
1986



80. Militky J., Vani&ek J.: Influence of Forming Conditions on Mechanical Properties of
Modified PET Fibres. Int.Symp. on Polymer Processing, Orlando, USA, May 1988

81. Vanicek J: The Association of Czech, Moravian and Silesian Historic Towns and Cities,
Proceedings European Historic Towns and Their Associations, Valletta (Malta), 1-3 October
1998, Studies and texts, No.60, Council of Europe Publishing, August 2000

82. Vanicek J: Financing of Local and Regional Cultural Activities in the Czech Republic.
Conference "Cities and Regions: Cultural Diversity — A Precondition for a United Europe”,
Innsbruck, 11-12 December 2000

83 Vaniéek J.: “Egropské konvence o krajiné Mezindrodni konference EKOTREND-trvale
udrzitelny rozvoj, Ceské Budéjovice 28.3.2001

84 Vanicek J., Hasman M. :  Preshranicni cestovni ruch v jiznich Cechdach™ Mezindrodni
védeckd konference Ekonomickd tedria a prax - dnes a zajtra, Banska Bystrica 7.-8.2.2002

Prednasky a postery na narodnich konferencich (i se zahrani¢ni ucasti)
a) tykajici se problematiky habilita¢ni prace
85 Sittlerova H., Vanicek J., Jalovecky J.: Viiv vicefunkcnich komonomeru na vlastnosti
vidknotvorného polyesteru. Konference ,,Zamérné premény vlaknotvornych polymeru a

chemickych vidken* , Bratislava 1977

86. Militky J., Vanicek J.: /nterpretace teplotni zavislosti relaxace napéti PET vldken. V.
mezindrodni kongres FIBRICHEM 83, Bratislava, ¢erven 1983

87. Militky J., Vani€ek J.: Termické viastnosti modifikovanych PET vidken. Mezindrodni
konference , Vldknotvorné polymery*, Strbské Pleso 1985

88. Militky J., Vanicek J.: Vztah mezi barvitelnosti modifikovanych PET vidken a jejich
teplotami zeskelnéni. Mezindrodni konference textilnich chemikii, Zilina, cerven 1986

89. Vanicek J.,Pohorelsky L.: Priprava srazlivych vidken fyzikalni modifikaci. VI. konference
wNekonecny polyesterovy hodvab* Senice nad Myjavou, Fijen 1987

90. Vani€ek J., Koukol L., Militky J.: V1iv fyzikdalnich podminek pripravy na = strukturu a
vlastnosti kopolvesteru. XII. Mezindrodni konference ., Vidiknotvorné polymery*, Strbské Pleso,
kvéten 1979

b) ostatni prace

91. Militky J. Vanicek J., Jahn V.: Ultimativni mechanické charakteristiky PET vidken.
Mezindarodni kongres FIBRICHEM 86, Bratislava, ¢erven 1986

92. Militky J.,KryStufek J., Vanicek J.: Prispévek ke kinetice barveni A-PES vidken
Mezindarodni konference textilnich chemiku, Zilina, ¢erven 1986



93. Militky J., Jansa J., Vani&ek J.: Viiv typu kopolymeru na mechanické vlastnosti PET vldken.
Konference MAKROTEST 80, Pardubice, cerven 19780

94. Vanicek J., Militky J., Berka M., Jalovecky.: V'/iv komonomeru na chovani
vidken.l.Struktura. XIV.aktiv vldknatu, Tdabor, kvétenl 981

95. Militky J., Jansa J., Vani€ek J.: V1iv komonomeru na chovani vidaken.Il.Mechanickeé
vlastnosti. XIV.aktiv vliadknaru, Tabor, kvétenl981

96. Militky J., Vani¢ek J., Dostal J.: V1iv komonomeru na chovani vidken. I11.Sorpcni viastnosti.
XIV.aktiv viaknaru, Tabor, kvéten1981

97. Militky J., Vanicek J.: Viiv typu a obsahu komonomeru na viastnosti modifikovanych viaken.
X.konference ., Polyamidovy hodvab“, Humenné, zdri 1981

98. Militky J., Vaniéek J.: Ultimativni pevnost PES vidken a jeji souvislost s podminkami
pripravy. XV. Aktiv vidknaru, Tdabor 1984

99. Militky J.. Vaniéek J.: Zotavovaci schopnost modifikovanych PES vidken. 4. Celostdtni setkdant
chemiku 85, sekce Textil, rijen 1985

100. Militky J..Vanicek J.: Korelace mezi sorpcnimi vlastnostmi a teplotami zeskelnéni PET
viaken, Konference MAKROTEST 86, Pardubice, cerven 86

101. Militky J. Vaniéek J.:Statisticka analyza pevnosti modifikovanych polyesterovych vidken.
XVI. Aktiv viaknaru, Tabor, kvéten 1987

102. Militky J., Vanicek J.: Viiv obsahu sodné soli kyseliny 3-sulfoisofialové na mechanické
viastnosti modifikovanych PES vidken. XVII. Konference ,, Vidiknotvorné polymery a ich vyuitie*,
Strbské Pleso, kvéten 1988

103. Militky J., Vaniek J.,Komendova L.: I'Yvojové tendence v oblasti modifikovanvch PES
viaken. V. celostatni konference textilniho zkusebnictvi, Hradec Kralové, zdari 1988

104. Vanicek J., Hasman M.,Sip J.: .. Profil navstévnika jiznich Cech predevsim = pohledu
dopravy,ubytovani a mista bydlisté " seminar Aktudlni problémy cestovniho ruchu, Dopravni
fakulty Jana Pernera University Pardubice, Pardubicich, 27..11. 2001
105, Vanicek J., Skorepa L.,Sip J.: . Nékteré poznatky z marketingoveého vyzkumu cestovniho
ruchu v Ceskych Bud¢jovicich a jejich uplatnéni pii vyuce obchodné podnikatelského studia na
zemedelske fakulté jihoceske university™ 6. Mezindrodni konference ,,Cestovni ruch, regiondlni
rozvoj a skolstvi*, Tabor 28.3.2001

Patenty

106, Vaniéek J.,Koukol L.,Sedlacek P Sittler E.: Zpusob pripravy kopolyesterového vidkna . AQ
185 545

107, Vaniéek J., Koukol L.: Zpusob pripravy srazlivého kopolvesterového vidkna, AQ 194 404
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108. Filip J., Vani€ek J.: Smés viiken pro virobu objemnych vidknitych titvaru, AO 200 664

109. Filip J., Hartych V.,Hylena J.,Krystifek J.,Vani¢ek J.,Vobornikova E.: Zpusob lazriového
barveni polyesterovych modifikovanych viaken, AO 198 495

110. Filip J., Kviz M., Némec J.,Vaniéek J . Smés vidken pro vyrobu objemnych vidknitych
utvaru, AO 187 543

111. Filip J.,Vani¢ek J.,Morava J., Vobornik V.: Zpusob barveni nedlouzeného polyesteroveho
viakna, A0 200 304

[12. Vaniéek J., Koukol L.,Franta J.: Zpusob pripravy polyesterovych a kopolyesterovych
kabelu, AO 198 616

113. Vaniéek J.,Koukol L.:Zpusob vyroby nesrazlivého kopolyesterového vldkna barvitelného do
100° C bez pouziti prenasecu, AO 197 955

114. Vanicek J., Kolarik J.,Berka M. : ( ;’pmva vlastnosti tvarovaného polyesterového a
polyamidového vidkna, AO 203 822

115. Koukol L, Vani¢ek J., Smolova L., Horaéek J.: Zpusob pfipravy objemnych vlaknitych
atvaru, AO 210 161

116. Jansova L, Jansa J., Marek J., Budin J., Vanicek J.: Zpusob cisténi odpadnich vod
= bareven a pradelen, AQ 215 256

117. Jansova L, Jansa J., Marek J., Budin J., Vani€ek J.: Zpusob cisténi odpadnich vod
= bareven a pradelen, AO 217 561

118. Jansova L., Jansa J., Marek J., Budin J., Vaniek J.: Zpusob cisténi odpadnich vod
= bareven a pradelen, AO 217 562

119. Jansova L., Jansa J., Marek J., Budin J., Vani¢ek J.: Zpusob cisténi odpadnich vod
= bareven a pradelen, AQ 217 563

120. Marek J., Témin J., Budin J., Vani¢ek J.: Zpusob regenerace polymernich sorpcnich
materialu s obsahem aniontovych a dispersnich barviv a barvarskych meziproduktu, AQ 212 930

121. Vanicek J., Blazek J., Hynek Z., Konopik B. : Zpusob vytvdreni orientované a krystalizaci
stabilizované struktury syntetickych vidken. AQ 217 144.

122 Filip J., Kviz M., Vanicek J., Kazda J. : Zpusob pripravy polvesterovych kabelu,
AO 214 227

123, Sruta F., Vani¢ek J. - Vodny pripravek pro preparovani syntetickych vidken predevsim
polvesterovych a polyakrylovych, AQ 218 364

124 Srata F., Vaniéek J., Hradecka J. Zpusob preparovani polyesterovych vidken,AQ 218 381



125. Blazek J., Hynek Z.,Konopik B., Vanicek J. : ZaFizeni pro nepretrZity ohrev opasanych
plosnych utvaru, AO 219 044

126. Vanicek J., Sruta F., Prokes K. : Zpusob méreni vihkosti granulovanych materidlu a
-arizeni k provadeni tohoto zpusobu, AQ 226 527

127. Srita F., Hemer F., Vanicek J. : Zpusob preparovani multifilnich syntetickych vidken
-vlaknovanych = taveniny, AO 237 051

128. Vanicek J., Prokes K. : ZaFizeni pro testovani Zivotnosti svazku viaken, AQ 228 295

129. Srita F., Mrazek V., Vaniek J. : Zarizeni pro nandseni preparacniho roztoku, vypirani a
odmackavani svazku syntetickych vlaken, AO 230 363

130. Blazek J., Kvizova M., Siisser O., Svoboda J., Vanicek J. : Zpusob nepretrzité pripravy
chemicky modifikovanych polyesterovych viaken, AO 234 505

131. Vanicek J.., Siisser O., Svoboda J., Blazek J. : Zpusob nepretrzité pripravy modifikovanych
polyesterovych viaken, AO 232 936

132. Srita F., Vaniéek J.., Kvizova M. : Polyesterova vidkna s regulovatelnymi povrchovymi
vlastnostmi, AO 226 275

133. Sriita F., Proke$ K., Vanicek J. Zpusob kontroly a Fizeni technologie preparovani
syntetickych viaken a zarizeni k jeho provadeni, AO 223 610

134. Srata F., Mrazek V., Vaniek J. : Zpusob ohfevu a preparovani svazku syntetickych vidken,
A0 237910

135. BartuSek T., Vani¢ek J., Marek V. : Zpusob vyroby psacich vidknovych hrotu, AO 233 541

136. Blazek J., Kvizova M., Siisser O., Svoboda J., Vanicek J. : Zpusob pripravy chemicky
modifikovaného viaknotvorného polyetylentereftalatu, AO 238 936

137. Sedlacek P., Jalovecky J., Vanicek J.,Blazek J., Kuéera 1. :Zpusob pripravy
modifikovanych polyesteru. AO 244 359

138. Filipu P., Vani¢ek J. : Zpusob stanoveni rovhomérnosti naneseného avivazniho prostiedku,
A0 236 248

139. Vanicek J., Blazek J., Konopik B., Prchlik V. : Zpusob vedeni a sdruzovani sva=ku viiken
na kabelovych linkach, AO 245 218

140 Sedlééek Pn. Vaniéek -lu Prch[ik V : Zp“.\'f)h V_V."”V”{;‘V(inf 1’!{1.\'."}1“.\‘”, ”{’l‘.j/ﬂ”ji’”_‘."{,'h
polyesterovych vidaken, AO 249 997

141. Vanicek J., Blazek J. : Zpusob zvlaknovani, dlouzeni a fixace svazku vidken, AO 251 608

142, Blazek J., Vanicek J., Prchlik V.,Konopik B.,Hynek Z. Zpusob krckového dlowzeni
syntetickych viaken, AQ 251 315



143. Blazek J., Konopik B., Hynek Z.,Vani&ek J., : Zarizeni pro navadéni pasu vldaken do
cpracovatelskych linek, AO 237 935

144 Blazek J., Vani¢ek J., Prchlik V., Hynek Z.,Konopik B. : Zpusob ohrevu svazku
polyesterovych vidken pfi nehomogennim krckovém dlouzeni, AO 251 258

145. Vani€ek J., Blazek J.,Hofman Z. : Zpusob vyroby polyetylenterefialatu a nebo jeho
kopolyesteru, AO 258 331

146. Vaniéek J., Heran J., Prehlik V., Pecka J. : Rounové textilie a zpusob jejich pripravy,
A0 255212

147. Srata F., Kvizova M, Vaniéek J. : Zpusob ipravy polyesterovych vidken, AO 252 130

148. Bartusek T., Sloboda J.,Vanicek J. : Zpusob vyroby psacich vilaknitych hrotu
= polyvesterovych viaken, AO 251 861

149. Kvizova M., Srita F., Vani¢ek J., Heran J. : Zpusob pripravy polyesterovych vidken,
A0 269 812

150. Blazek J., Vanic¢ek J., Konopik B.: Zpusob dlouZeni svazku polyesterovych vidken,
A0 252110

151. Pohorelsky L., Homoli¢ova J.,Vanicek J. : Zpusob stanoveni obsahu povrchové aktivnich
latek nanesenych na viaknity material, AO 268 470

152. Vanicek J., Sedlacek P., Pohorelsky L. : Srazlivé kopolyesterové viakno a zpusob jeho
pripravy, AO 273 123

153. BartuSek T., Vani¢ek J., Maixner V., Vdovcova Z. : Viaknovy zasobnik psaci tekutiny,
A0 262 965

Prehled nejvyznamnéjSich realizovanych technickych dél

154 Vaniéek J., Srita F., Prokes K. : Zpisob méFeni vihkosti granulovanych materialu a
zarizeni k provadéni tohoto zpusobu, AO 226 527. Realizovan v roce 1981, spolecensky prospéch
vynalezu 50 000 Kc¢/rok

155. BartuSek T., Vanicek J., Marek V. : Zpusob vyroby psacich vlaknovych hrotu, AO 233 541.
Realizovan v roce 1983, spolecensky prospéch vynalezu 300 000 K&/rok

156. Filipu P., Vanicek J. : Zpusob stanoveni rovnomérnosti naneseného avivazniho prostredku,
AO 236 248. Realizovan v roce 1953, spolecensky prospéch vyndle= 52 800 Ké/rok

[57. Vanicek J., Pohorelsky L., Prokes K., Pecka J. : M¢reni teploty v balu viaken PV 782/84,
Realizovano jako =zlepSovaci navrh v peti organizacich. Spolecensky prospéch 50 000 Ké/rok

158 Vanicek J., Blazek J., Hynek Z., Konopik B. : Zpusob vytvareni orientované a krvstalizaci
stabilizované struktury syntetickych vidken. AQ 217 144.. Realizovan v roce 1984, spolecensky
prospéch vynalezu 1 332 558 Ké/rok '



159. Sedladek P., Jalovecky J., Vanicek J.,Blazek J., Kuéera L. :Zpusob pripravy 54
modifikovanych polyesteru. AQ 244 359. Realizovdn v roce 19835, spolecensky prospéch vyndlez je
3 883 372 Kc/rok

160. Vani¢ek J., Blazek J., Konopik B., Prehlik V. : Zpusob vedeni a sdruzovani svazku vidken
na kabelovych linkdch, AQ 245 218. Realizovan v roce 1988, spolecensky prospéch vyndle=
16 000 K¢.

161. Vani¢ek J., Blazek J., Konopik B., Prchlik V. : Zpusob vedeni a sdruzovani svazku vidken
na kabelovych linkach, AO 245 218. Realizovan v roce 1983, spolecensky prospéch vynalezu je
813 406 Kc/rok.

162. Blazek J., Konopik B., Hynek Z.,Vaniéek J., : ZaFizeni pro navadeéni pasu vldken do
zpracovatelskych linek, AO 237 935. Realizovan v roce 1984, spolecensky prospéch vyndlezu je
20 000 K¢

163. Vanicek J., Blazek J.,Hofman Z. : Zpusob vyroby polyetylenterefialatu a nebo jeho
kopolyesteru, AO 258 331. Realizovan v roce 1989, spolecensky prospéch vynalezu je
348 684 Kc/rok

164. Blazek J., Hynek Z.,Konopik B., Vanicek J., : Zarizeni pro nepretrzity ohrev opdsanych
plosnych utvaru, AO 219 044. Realizovan v roce 1985, spolecensky prospéch vynalezu je
192 818 K¢é/rok.

165. Vanicek J., Sedlacek P., Pohorelsky L. : Srazlivé kopolyesterové vidkno a zpusob jeho
pripravy, AO 273 123. Realizovan v roce 1991, spolecensky prospéch vyndlezu je 60 000 Ké/rok.

166. Sedlacek P., Vanicek J., Smolova L.,Blazek J.,Miklas P. : Zpusob pripravy modifikovanych
polyesteru. PV 5736/88 (zavislé na AO 244 359). Realizovano v roce 1990. Spolecensky prospéch
64 445 Kc/rok.

167. Vanicek J., Pecka J., Van€ura V. :Rounové textilie zpevnéné jehlenim a chemickym pojenim.
PV 6675/89E. Realizovan v roce 1990. Spolecensky prospéch 3 440 009 Ké&/rok.

168. Vani€ek J. a dalSi: Zlepsovaci navrhy v poctu asi 12 v letech 1970 az 1990 se spolecenskym
prospéchem asi 1 mil. K¢&/rok. Celkovy spolecensky prospéch = vyndlezu a zlepSovacich navrhu,
které byly realizovany v letech 1970 az 1990 cinil v tehdejsich cendach asi 12 mil. Ké/rok. V=-hledem
k tomu, Ze $lo o uspory energie, surovin atd., Ize odhadnout, e v soucasnych cendch by cinil
spolecensky prospéch castku 50 aZ 70 mil. K&/rok. ,



B. KOMENTAR K PUBLIKACIM

B1.

UvVOD

V kapitole A je uveden prehled viech publikaci a technickych feSeni, jejichz je autor této prace

hlavnim autorem nebo spoluautorem . Tento pfehled zahrnuje

e 12 publikaci v mezinarodnich ¢asopisech

¢ 14 publikaci v domacich Casopisech

e 2 monografie, z nichz jedna byla publikovana mezinarodnim nakladatelstvim v angli¢tiné

e 26 publikaci ve sbornicich z konferenci

e O referatovych a prehlednych ¢lanki

e 2] piednasek na mezinarodnich a zahrani¢nich konferencich

e 21 pfednasek na tuzemskych konferencich a seminafich

e 48 udélenych autorskych osvédceni na vynalez

e 15 realizovanych technickych fedeni, pfevazné na zakladé vlastnich vynalezi
s odhadnutym prinosem v dnesnich cenach 50 az 60 mil. K¢/rok.

7 hlediska téematického zaméreni Ize rozdélit prace do nasledujicich oblasti:

(a) Studium vlivu ultrafialového zafeni na redukci syntézy DNA v dusledku tvorby dimeri
thyminu. Byl odvozen matematicky model syntézy DNA v zavislosti na davce zafeni.
Model umoznil stanovit stredni délku replikonu, to jest useku retézce DNA, ktery se
replikuje nezavisle na dalsich Castech fetézce. Délka byla stanovena na 15 mikrond, coz
bylo pozdéji potvrzeno pfimym mérenim na elektronovém mikroskopu.

(b) Studium deformacniho chovani nedlouzenych polyesterovych vldken, s dominantnim
postavenim praci, které se zabyvaji teorii tzv.dlouzeni za studena nebo krckove dlouzeni.
Podstata tohoto procesu spo€iva v lokalizované plastické deformaci neorientovaného
nebo malo orientovaného polymerniho utvaru, pii kterém probiha vyrazna orientace ve
sméru deformacni sily. Byl vytvoren teoreticky model tohoto procesu, ktery je iniciovan
lomem na povrchu polymerniho utvaru (viakna, valce, desticky, folie atd.). Lom je v3ak
zabrzdén plastickou deformaci uvnitf trhliny az se vyvoj trhliny Gplné zastavi a pfeméni
v lokalni krckove dlouzeni.

(c) Studium deformac¢niho chovani orientovanych polyesterovych vldken a to jak ultimativni
deformacni chovani, tak 1 omezena jednorazova nebo cyklicka deformace vlaken. Byl
studovan vztah mezi tvarem deformacni kfivky, pfipadné jeji derivaci, a technologickymi
podminkami pfipravy vlakna. Byly studovany zmény vlastnosti a struktury
polyesterového vlakna v priubéhu jeho textilniho zpracovani. Vysledky v této oblasti se
staly predmétem patentove ochrany, predevsim z hlediska procesu dlouzeni a fixace
polyesterovych vlaken.

(d) Byl sledovan vliv chemicke a fyzikalni modifikace polyesterovych vidken na jejich
vlastnosti. Pozornost byla zaméfena na pripravu vlaken se snizenym sklonem ke
zmolkovani, dale vlaken se zlepSenou barvitelnosti a vlaken srazlivych. Tyto vyzkumy
byly predmétem fady vynalezu, véetné jejich praktické realizace. ' ' ,

(e) Autor se zabyval 1 feSenim fady inzenyrskych probléma ohfevu vidken, nanaseni avivaze,
dlouzeni a fixace vlaken. Pfedmétem fady vynalezii je i problematika dal3iho zpracovani
vlaken, pfedevsim vyroby nékterych typt netkanych textilii.

(f) V poslednim obdobi publikoval autor nékolik praci z oblasti marketingového vyzKumu.

(g) Prace, kter¢ se tykaji termického chovani polyesterovych a kopolyesterovych viaken jsou
predmétem této habilitacni prace. Do tohoto tématického celku lze zahrnout 47 publikaci
V pfiloze jsou uvedeny kopie stézejnich praci vtéto oblasti, které prinaseji zasadni
poznatky z této oblasti a mohou prezentovat nova fakta a pfinos autora pro tuto oblast
védeckeho badani. Terminologie byla upravena podle prace’ .



B2 TERMICKA ANALYZA A IZOTERMNi OHREV POLYESTEROVYCH VLAKEN
(prehled metod je uveden v priloze 9)

B2.1 Teplota skelného prechodu a izotermni ohfev pod T, (prace v priloze ¢.1 a 2)

Pfi prudkém ochlazeni amorfniho nedlouzeného PET vlakna v prubéhu zvlaknovani (tzv.
quenching) se vytvofi v nedlouzeném vldkné z hlediska termodynamického i strukturalniho
nerovnovazny stav. | pod teplotou zeskelnéni probihaji ve vlakné procesy, ktere¢ jsou
v technologické praxi znamé pod pojmem starnuti nedlouzeného vlakna™. Lze pfedpokladat, ze
tyto procesy budou probihat tim rychleji, ¢im bude teplota blizsi T,. Uvedené prace se zabyvaji
izotermnim ohievem nedlouzenych vlaken pfi teplotach pod T,, ale i nad T, ale pouze do teplot,
kdy nedochazi zjevné ke krystalizaci nedlouzeného vlakna. Navic byly voleny dva rezimy
temperace: za konstantni délky, tedy bez moznosti smriténi vlakna v priibehu izotermniho ohfevu 1
ve volném stavu, kdy pii teplotach nad T, jiz dochazi ke smrsténi vlakna. Pfi izotermnim ohfevu za
konstantni délky byla navic méfena tzv. smrstovaci sila, tedy napéti, které se ve vlakn€ indukovalo
pii zahfati na zvolenou teplotu. K jakym zménam pfi zahfivani dochazelo?

a) Prii deformaci nedlouzenych vlaken probiha tzv. dlouzeni za studena (cold drawing), nebo tzv.
krckove dlouzeni (necking drawing). S rostouci teplotou a dobou temperace rostl podil vliaken, u
kterych doslo jesté pred dosazenim meze kluzu ke kiehkému lomu vldkna anebo po vytvoreni
krc¢ku nastal krckovy lom. Ukazalo se, ze pocate¢ni nerovnovazny stav, ktery je pfiznivejsi pro
dlouzeni za studena, lze ,obnovit” tak, ze vlakno je kratkodobé zahfano nad T, a prudce
ochlazeno.

b) V tepelné exponovaném vlakné i za konstantni délky dochazelo k poklesu predorientace
zjiStované mérenim dvojlomu.

¢) Na druhé strané se pfi izotermnim ohfevu neménilo nasledné méfené smrsténi vliakna.

d) Dalsi metodou, ktera charakterizuje predorientaci nedlouzeného PET vlakna, je pfirozeny
dlouzici pomér. Ale ani ten se po zahfivani az do 80 C neménil.

e) Zatimco pro nedlouzenée vlakno s riznou predorientaci plati linearni vztah mezi dvojlomem a
hodnotou smrsténi vyjadienou vztahem vyplyvajiciho z teorie kaucukovitého chovani siti, tedy
vyrazem [1/(1-S)*-(1-S) ], pro temperovana vlakno J1z tento vztah neplati.

f) S rostouci dobou temperace i pii teplotaich pod T, se na termoanalyticke kfivce v oblasti
skelného prechodu vytvari stale vyraznéjSi endotermni pik a jeho poloha se posunuje k vy$sim
teplotam.

Existuji ¢tyfi modely struktury amorfniho polymeru. VSechny maji tyto spole¢né rysy:

~ molekuly amorfniho polymeru maji tendenci vytvaret oblasti s paralelné uspofadanymi fetézci

~ vzadném ztéchto modeli se nepfedpoklada existence napfimenych fetézci pouze | trans™
konformace, kter¢ jsou v krystalickém polymeru
K popisu nejlépe vyhovuje model Yeha a Geila', tzv. nodularni model. Podle tohoto modelu je

amorfni polymer tvofen tzv. noduly (dominii, chomacky), ve kterych pfevlada paralelni uspofadani

retézeu. V jejich okoli je zcela neusporadana amorfni faze. Pri zahtati polymeru i pfi teplotach pod

T, dochazi ke zvyraznéni nodulami struktury, tedy k jakési agregaci. Amorfni faze v okoli nodulu

je nositelem volneho objemu, ale take zapletenin fyzikalni sit¢ (physical network of entanglements).

Podle Pinnocka a Warda™ si lze predstavit vznik predorientace v amorfnim PET vlakné pri

zvlaknovani jako dusledek deformace tuhnouciho polymerniho proudu v oblasti jeho kau¢ukovitého

chovani. Pr1 dalSich ochlazovani pod T, dojde k ,.zamrznuti deformované fyzikalni sité zapletenin.

Proto pfi zahfati nad T, se vlakno smrstuje. Ohfevem amorfniho polymeru i pii teplotach pod T,

dochazi k dalsi paralelizaci fetézeu v nodulech a tim se méni pomér mezi optickou a mechanickou

anizotropii (pokles dvojlomu je rychlejsi nez pokles mechanické anizotropie) a zvysuje se rozdil
mez1 hustotou nodulu a volného objemu v okoli.
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Takto upravené vlakno ma pak vétsi tendenci ke vzniku mikrotrhlin a v disledku toho roste
pravdépodobnost kichkého nebo krékového lomu. Lepsi uspofadani fetézeu v nodulech pfi starnuti
vlakna za pokojové teploty a ve vlhkém stavu nebo pri zahtati na teplotu blizkou T, s sebou nese
lepsi usporadani v nodulech a pfi odskelnéni je nutno pfekonat vétsi interakcni a kohezm sily, coz
se projevi malym endotermnim pikem v oblasti skelného piechodu. Na druhé strané lze této
skutecnosti vyuzit k presnému méfeni teploty skelného prechodu. Zahtati amorfniho vlakna tésné
nad T, a nasledné definované pomalé chlazeni vede k vytvoreni piesné definovan¢ho endotermniho
piku, Jehoz polohu muzeme urc:t s prenosnosti 0,2 K. To umoziuje piesnéji stanovit T, nez pfi
odetitani teploty z ohybu kfivky’.

B2.2 Krystalizace amorfniho vlakna, kinetika krystalizace (prdce v priloze ¢.3)

Pti dynamickém ohfevu nedlouzeného amorfniho vlakna se mezi T, a Ty, objevi exotermicky
pik tzv. studené krystalizace™, jehoz vrchol je oznaovan T.. Poloha a plocha tohoto piku je
vyrazné zavisla na podminkach ohfevu, predeviim na rychlosti ohfevu. Je to zpusobeno tim, ze
konecny tvar je opét vysledkem dvou protichidnych procesu:

a) s rostouci teplotou roste az do stfedu intervalu mezi T, a T, rychlost krystalizace;
b) s probihajicim procesem krystalizace a rostoucim stupném krystalinity rychlost krystalizace
klesa.

Méfeni velikosti plochy exotermniho piku krystalizace 1ze vyuzit 1 ke méfeni kinetiky 1sotermni
krystalizace pn teplotach asi do 30 K nad T,, nebot pfi isotermnim ohrevu vzorku v uvedeném
intervalu se nasledna plochy piku .studené krystalizace® zmensuje. Ubytek plochy je Gmérny
prubéhu predchozi isotermni krystalizace. Vysledky dobfe koreluji s méfenim kinetiky krystalizace
pomoci mefeni hustoty temperovanych vzorki na hustotni gradientové koloné.

Zatimco meéfeni rychlosti krystalizace pro nemodifikovany PET 1 pro ruzné molekulove
hmotnosti (vyjadiené naptf. limitnim viskozitnim ¢islem) vyhovuje Avramiho rovnici

[ — O = exp(-kt")

Kde O je krystalicky podil, k je rychlostni konstanta a je Avramiho koeficient, pro kopolymery tato
zavislost neni linearni. K popisu by bylo nutno pouzit slozitéjsiho teoretického modelu, nebot’
krystalizace je ,ruSena” pfitomnosti komonomernich jednotek, které se do krystalizaénich lamel

nezabudovavaji anebo tvofi v krystalické struktufe defekty.
B2.3. Teplota rekrystalizace orientovaného i neorientovaného PET (prdce v priloze ¢. 4 a 5)

Rada praci byla vénovana studiu procesu tzv. rekrystalizace (T,.) nebo nékdy oznacovaneého
jako ,.sekundarniho fazového prechod™ (T; ). Jde o exotermicko-endotermicky proces na dynamické
kitvee DSC v oblasti mezi teplotou skelného prechodu (T, ) a teplotou tani (T,,). Protoze poloha
tohoto procesu je zavisla pfedevsim na predchozi teploté fixace (izotermnim ohfevu) je téz nékdy
nazyvana jako .efektivni teplota fixace™ vlakna. Poznatky ze studia lze shrnout nasledovné:

~ Teplota T, zavisi predevsim na teploté izotermniho ohfevu.

# S rostouci dobou 1zotermniho ohfevu teplota T, mirné roste a to jen s logaritmem ¢asu.
Hodnota T, je vzdycky vy$si pro orientovany vzorek za jinak stejnych podminek.
Endotermicky pik pro T je typicky pro vyssi teploty a delsi doby isotermniho ohievu.

Pik je Casté) pozorovan u neorientovaného vzorku viakna.
Sekundarni prechod T; ma tvar _schodu (exotermni viny)“ pro méné krystalicky vzorek
(nizsi teplota, kratsi cas). Caﬁlcu Je pozorovan u orientovanych vzorku.

Na zakladé¢ tady studii byla vypracovana teorie tohoto procesu, jako paralelni pribéh dvou
vzajemné se podminujicich procesu:

(a) exotermni krystalizace a rekrystalizace

(b) endotermni parcialni tani nedokonalych a méné stabilnich krystali.
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Diky tomu muze mit tento proces tvar

» .schodu - exotermni viny* na DSC kiivce, vtomto pripadé je rychlost krystalizace a
rekrystalizace vétsi nez proces parcialniho tani, to nastane v ptipadé malého parcialniho tani
vzorku o nizké krystalinité a nebo pii vysoké krystaliza¢ni rychlosti orientovaného vzorku,

» .viny a piku” — v tomto pfipadé je v pocatku rychlost rekrystalizace mensi nez parcialni tani, ale
pozdéj dosahne vétsi intenzity,

» endotermniho piku (parcialniho tani) - krystalizacni rychlost je nizka v porovnani s rychlosti
rekrystalizace; tento proces je typicky pro stabilni krystalickou strukturu, zvlasté u
neorientovanych vzorkt s malou rychlosti rel\rvstaltzace (rychlost krystalizace v orientovanem
stavu je o nékolik fadi vy3si nez v neorientovaném stavu' ).

Bylo téz prokazano, ze .efektivni teplota fixace™ pro izotermni ohfev ve vodé je u PET asio 16

K vy33i nez pii izotermnim ohfevu v horkém vzduchu a presné odpovida poklesu teploty skelného

piechodu (tedy vzdalenost T; je v obou pfipadech od T, stejna). Pro polyester bylo mozno odvodit

obecnou rovnici pro stanoveni T, (tedy teploty .sekundarniho pfechodu™ nebo efektivni teploty
fixace):
I,= 0986 T, + 6,46logt, + K, + Kg

Kde T, je teplota izotermniho ohfevu, ty je doba izotermniho ohfevu v minutach, K, je
konstanta vztahujici se k orientaci vzorku a K,= 0 pro neorientovany vzorek a je rovno 5 K pro
vysoce orientované vzorky a K; souvisi s pouzitym mediem pro izotermni ohfev. Pro suchy vzduch
je Kg~ 6,92 K a pro vodu je Kg ~ 23 K, kdyZz pro méfeni byla pouzita rychlost ohfevu 16 K /min.

Ponékud odlisné se choval polyamid 6 (PA6), u kterého je znamo, ze voda pusobi na tento
polymer podobné jako prenaSe¢ na PET vlakna. Jde tedy o plastifikaci. Zahrati PA6 10 minut ve
vrouci vodé zvysi krystalinitu polymeru nad 40 % coz odpovida zhruba 150° C pii ohievu

v dusikové atmosfére. Po zahrati ve vodé nelze také na DSC kfivce u PA6 1dentifikovat sekundarni

prechod T,. Teprve pfi nasledném zahfivani na vzduchu pfi teploté nejméné 150° C se sekundarni

piechod opét objevi.

B2.4. Vicenasobné tani a rovnovazna teplota tani (prdce ¢. 5 a 6)

Dalsi ¢ast praci byla vénovana procesu tani, vzniku vicenasobného piku tani a stanoveni
rovnovazne teploty tani. Studium procesu tani za riznych rychlosti ohfevu a po izotermnim ohfevu
pii teplotach blizkych bodu tani a z porovnani tani orientovanych a neorientovanych PET a co-PET
se ukdzalo, Ze vicenasobny pik tani je opét vysledkem dvou paralelnich procesu.

» Srostouci teplotou krystalizace totiz neroste jen absolutni stupen krystalinity, ale méni se i
rovnovazna délka skladu v lamelach krystalu. S rostouci teplotou krystalizace (a to plati 1 pfi
ohfevu na DSC) dochazi ke prestavbé krystali, tedy rekrystalizaci, coz je proces exotermicky.

« Na druhé stran¢ tani polymeru neni klasicky fazovy pfechod I. druhu, to znamena, ze pfi uréité
teplot¢ vSechny krystaly polymeru roztaji (jako je tomu u anorganickych krystald), ale
polymerni krystal je tvofen celym spektrem krystali s riiznou délkou skladu a riiznym stupném
usporadani (vzdy je castecné pritomna amorfni faze) a tyto krystaly taji pfi riznych teplotach.

 Pii kazdém zvySeni teploty muze tedy nestabilni krystal bud’ tat (endotermni proces) a nebo se
prestavovat na stabiln€jsi krystal (exotermni proces), ktery pak taje pri vy3si teploté. Kombinaci
téchto procesu vznika vicenasobny pik tani, jako superpozice probihajicich procesii.

« Protoze teplota tani zavisi na delce skladu, byla pro polymery definovana tzv. rovnovazna
teplota tani T%;, Ta je teoreticky dana jako tani polymeru o nekone¢né délce skladu (nebo
prakticky by to bylo u polymerniho krystalu tvofeného pouze netaznymi fetézci bez jediného
skladu). Jina definice vychazi z dynamiky procesu a fika, Ze je to teplota, pii které je rychlost
krystalizace a tani shodna. Rovnovazna teplota tani se uréi jako extrapolace prevracen¢ hodnoty
délky krystalizacniho skladu (1/1) k nule. Délka skladu se ur¢i z rtg difrakce pod malymi uhly.
Dalsi moznost je vyuzit extrapolaci zavislosti teploty tani (T,,) na teploté krystalizace (T.). Pak

T ™ 1)
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Model vicenasobného piku tani

exo-----endo

teplota

B2.5. Vyménné reakce v taveniné (prdcec.7)

Pod pojmem vyménné reakce rozumime proces, ktery probiha pfi smichani dvou ruznych
polyesterti, kdy vlivem téchto vyménnych reakci smés dvou polymeru méni na jeden blokovy
kopolyester az po zcela statisticky nahodné rozdélené monomemni jednotky jednoho polymeru
v fetézci kopolyesteru. Zménou stupné . randomizace™, tedy postupného vytvafeni statistického
kopolyesteru se méni termické charakteristiky, tedy Ty, T. a T, Proces vzniku statistického
kopolyesteru byl sledovan po vytvoreni smési tavenin PET s polyetylenisoftalatem (PEI), poly(2,2-
dimetylpropylentereftalatem) (PNT) a poly(tetrametylentereftalatem) (PBT). V ur¢itych ¢asovych
intervalech byla smés polymeru prudce ochlazena a byly stanoveny termické charakteristiky.

Bylo zjisténo, Ze s pribyvajicim ¢asem ,.randomizaéni® reakce T, nejdfive klesa a pozdéji roste,
T. pro vétSinu smési roste, pouze pro PET/PBT nejdrive klesa a pozdé)ji mime roste. Tento prubéh je
vysledkem dvou procesii: (a) postupné vytvareni statistického kopolyesteru a (b) zmény molekulové
hmotnosti, které ovliviuji jak T,, tak 1 rychlost krystalizace. Pro stanoveni bodu tani je idealni
z)i8téni rovnovazné teploty tani Ty, coz je narotné méfeni. Lze ho viak nahradit jedinym méfenim
bodu tani po dlouhodobé temperaci (izotermnim ohfevu) polymeru za teplot nad 200 C, nebot
definované teploté krystalizace odpovida definovana teplota tani stabilnich krystali.

Takto stanoveny bod tani s casem klesa, nebot” bod tani homopolymert je vzdy vysii nez tani
statistickeho kopolymeru. Z ¢asoveho pribéhu T, je patrné, ze smichanim dvou homopolymeri se
vytvofi statisticky kopolymer asi za padesat minut.

Z techto experimentu plyne, ze modifikovanych kopolyester je mozno vyrabét dvojim
zptsobem:

(a) smichame dva monomery pred polykondensaci, anebo
(b) pouzijeme k reakci . master batch™ (nebo také oznacovany jako koncentrat) modifikacni slozky.
ktery se misi v koncovém reaktoru s majoritnim homopolymerem. ;



B2.6. Termicka a termooxida¢ni degradace (prace c. §)

Jestlize vzorek polyesterového vldkna nezahiivame v inertni atmosfére N a jesté v uzaviene
méfici panvitee, ale naopak v oteviené panvice v atmosféfe kysliku (O,), mizeme pozorovat t€sn€
pied tanim a nebo pii teplotach na bodem tani exotermicky pik oxidativni degradace polymgru.
Poloha exotermu na teplotni ose je relativni mirou stability PET nebo co-PET vii¢i oxidativni
degradaci. Této skutecnosti bylo vyuzito pfi méfeni oxidativni stability kopolyesteru
modifikovaného kyseliny S-sufoisoftalové, ktera vyvolava vznik diethylenglykolu (DEG)
v fetézcich kopolymeru. DEG ma vyrazny vliv na termickou i oxidativni stabilitu polyesteru.
Pocatek oxidativni degradace je oznacovan jako Ty V zavislosti na modifikaci a obsahu DEG je
Trox mezi 218 az 262°C.

B3. DISKUSE

Termické vlastnosti vlaken jsou dilezité z hlediska vyrobce, zpracovatele 1 uzivatele. Mezi
zakladni termické charakteristiky patfi skelny pfechod, teplota tani, efektivni teplota fixace a
rozmérova stalost pii zvySenych teplotach (srazeci sily a smrsténi). K ur€eni termickych vlastnosti
se v poslednich letech s vvhodou pouzivaji metody termické analyzy. Nejdilezité)si je diferencni
termicka analyza (DTA), diferencni kompensacni kalorimetrie (DSC) a termickd mechanicka
analyza (TMA). V nasi praci se zabyvame metodou DSC.

DSC umoziuje v zavislosti na teploté (pfi konstantni rychlosti ohfevu) nebo v zavislosti na Case
(pfi konstantni teplot¢) sledovat prubéh tepelné zabarvenych procesti (endotermickych a
exotermickych). Vzorek polymeru je zahfivan spolu se standardem. Standard je tepelné inertni, to
znamena, Ze v pouzivaném teplotnim intervalu v ném neprobihaji Zadné tepelné procesy. Méri se
rozdil v teplotnim prikonu k udrzeni stejné teploty obou vzorki.

U vlaken se v souCasnosti vyuziva i termické mechanické analyzy. Ta umoznuje sledovat
zmény délky pfi konstantnim napéti a nebo zmény napéti pfi konstantni délce a to v zavislosti na
case pr1 konstantni teploté a nebo v zavislosti na teploté pii konstantni rychlosti ohfevu. Touto
metodou lze v podstaté ur¢it podobné parametry jako pomoci DSC (T,, T; a T,,). Obé metody se
vzajemné dopliuji. Napf. TMA umoziuje stanovit T, i u semikrystalickych polymera. TMA
umoznuje 1 pouziti penetrace do blokového vzorku a pouziti dynamického namahani vzorku.

Zjsténa data ztermicke analyzy muzeme posuzovat bud z kvalitativniho hlediska nebo
kvantitativniho hlediska.

Kvantitativni metody umozni za pfedem stanovenych standardizovanych podminek stanovit
presné polohu (tedy teplotu) néjakeého procesu (stanovujeme pocatek procesu, polohu vrcholu nebo
Sitku piku apod.) anebo z plochy pod pikem stanovit entalpii dan¢ho procesu.

Kvalitativni analyza nam naopak mize umoznit zjistit tepelnou historii pouzitého vzorku a nebo
jen obecné stanovit v kombinaci s dal§imi metodami typ pouziteho vlakna.

Je tieba si uvédomit, Ze termickd analyza je metoda invazni, tedy ze podstata vzorku se
v priub¢hu méfeni méni, Zze v prubéhu ohfevu probihaji ve vzorku zmény tvaru, nadmolekularni i
molekulami struktury vzorku. Jednou pouzity vzorek (narozdil od méfeni hustoty, rtg, dvojlomu
atd.) nelze pouzit k reprodukci méreni.

Vzhledem k tomu, ze pi1 vlastnim méfeni jde o prevod tepla z méfici cely do vzorku, ovliviiuje
vysledek méfeni 1 pouzity tvar vzorku, jeho umisténi v méfici cele, velikost povrchu atd. Z tohoto
hlediska je pouziti nastiihanych jemnych vlaken jeden z nejlépe reprodukovatelnych tvara vzorku.



B4. ZAVER

Ze ziskanych vysledki Ize formulovat tyto nejdilezitéj$i zavéry pro teorii i praxi termicke

analyzy (DSC) pii hodnoceni polyesterovych vlaken.

— Tvar kiivky v oblasti skelného prechodu je zavisly na tepelné historii amorfniho
polyesterového vlakna, ktera ovliviiuje nadmolekularniho uspofadani amorfniho polymeru a
nasledné ovliviiuje i deformaéni chovani amorfniho PET. Z tvaru T, lze usuzovat i na
proces starnuti nedlouzencho vlakna.

= Ve vodé se hodnota T, sniZuje asi o 16 K. [ pfi pomémé nizké navlhavosti PET se projevuje
plastifika¢ni u¢inek vody. Snizenim T, Ize vysvétlit fadu vlastnosti nedlouzeného vlakna ve
vodé (napf. vy3si smrsténi vlakna ve vodé nez za stejné teploty v horkém vzduchu,
zlepSenou barvitelnost nékterych modifikovanych co-PET, vyssi efektivni teplotu fixace pii
izotermnim ohfevu vlakna ve vodé v porovnani se stejné teplym vzduchem).

— Zmeény plochy endotermniho piku tzv. studené krystalizace (T.) po isotermnim ohfevu
vlakna lze vyuzit k méfeni kinetiky isotermni krystalizace.

— ..Sekundarni prechod™ (T;) nebo ..efektivni teplotu fixace™ (T,.) Ize popsat jako superpozici
dvou paralelné probihajicich déju:

(a) exotermni krystalizace a rekrystalizace,
(b) endotermni parcialni tani nedokonalych a méné stabilnich krystalu.

= Pi1 kazdém zvySeni teploty v oblasti tani muze nestabilni krystal bud’ tat (endotermni
proces) anebo se prestavovat na stabiln€jsi krystal (exotermni proces), ktery pak taje pri
vysSi teploté. Kombinaci téchto procesu vznika vicenasobny pik tani, jako superpozice
probihajicich procesu. Ke stanoveni fyzikalni charakteristiky polymeru nebo kopolymeru je
nutn€ pouzit stanoveni rovnovazne teploty tani

— DSC lze vyuzit pfi hodnoceni degradace a sledovani vyménnych reakci v kopolyesterech.
Pri vyménnych reakcich dvou homopolymeri dochazi postupné ke vzniku blokového
kopolymeru az v kone¢né fazi vznikne statisticky kopolyester.

BS. PODEKOVANI

Na tomto misté bych chtél podékovat viem spoluautorum praci, které jsem prezentoval jako
soucast habilitatni prace. Cestné prohlasuji, ze jsem mé&l ve viech pripadech rozhodujici podil na
pripraveé, realizaci prace 1 interpretaci vysledki. Dale bych chtél podékovat prof Ing Jifimu
Militkému, CSc., vedoucimu katedry textilnich materiali, za to ze vybral pro mou habilitaéni praci
prave toto téma, ve kterém mohu prokazat fadu novych poznatku v oblasti tepelného chovani PET.
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B7. SEZNAM POUZITYCH ZKRATEK A POJMU
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diferenéni kompensaéni kalorimetrie (differential scanning calorimeter), podle
prace” se nedoporucuje pouzivat diferenéni snimaci kalorimetrie, diferencni
skaningova nebo skanovaci kalorimetrie

.. diferen¢ni termicka analyza (differential thermal analysis)
.zahtivani polymerniho vzorku konstantni rychlosti ohfevu (v K/min)

znamena ohfev vzorku za konstantni teploty
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.zakladni stavebni jednotka polymerniho fetézce
polyamid 6
polytetrametylentereftalat (nebo polybutylentereftalat)
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-u anorganickych krystali je to prechod mezi dvéma krystalickvmi
modifikacemi
prudké ochlazeni vzorku, zde se predevsim mysli pod T,
.reakce polymernich fetézct pii které se vytvori statisticka distribuce
komonomeru
je exotermni prestavba nestabilnich krystalii na krystaly stabilngjsi
difrakce rentgenovych paprsku na nadmolekularnich utvarech polymeru
usporadani fetézcu v prostoru
molekulami......... ... uspofadani monomernich jednotek v fetézci
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nachazi cele spektrum utvaru od amorfni az po pIné krystalickou strukturu
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_teplota pocatku oxidativni degradace

.. teplota skelného prechodu (glass transition)
.. teplota tani (melting point)
- termicka mechanicka analyza (thermal mechanical analysis)
... rovnovazna teplota tani
... teplota pocatku rekrystalizace nebo ,.efektivni teplota fixace®
- teplota ,,sekundarniho prechodu™, T, +
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C. SOUHRN

Byly studovany procesy, které nastavaji u vlaken z polyetylentereftalatu (PET) nebo jeho
kopolymeru (co-PET) puisobenim konstantni teploty (izotermnim ohfev) a nebo pfi dynamickém
ohfevu s vyuzitim metod termické analyzy, predeviim diferencni kompensaéni kalorimetrie (DSC).
Casto jsou zkoumany zmény chovani PET nebo co-PET po izotermnim ohfevu pfi nasledném
dynamickém ohfevu na DSC. Tyto vlastnosti byly zkoumany jak u orientovaného tak i
neorientovaného PET nebo co-PET. Prace se téz zabyva vyuzitim metod termické analyzy pro
sledovani nékterych vlastnosti taveniny PET, jako je termooxidativni degradace nebo vyménne
(randomizacni) reakce v co-PET.

Kombinaci izotermniho ohfevu a dynamického ohfevu na DSC bylo prokazano, ze
v amorfnim PET dochazi ke zménam nadmolekularni struktury jiz pfi teplotach pod teplotou
skelného pfechodu (T,). Protoze odskelnéni pfi dynamickém ohfevu (mysli se tim konstantni
rychlost zahfivani v K/min) je proces nerovnovazny, byla navrzena metoda méfeni T, ktera
vyluCuje vliv tepelné historie na namétrenou hodnotu skelného prechodu. Dale bylo zjisténo, ze u
PET a co-PET (ale 1 u polyamidu 6 — PA6 ) ma voda plastifika¢ni ucinek, ktery se projevuje u PET
snizenim teploty skelného prechodu asi o 16 K. Zmény nadmolekularni struktury pfi izotermnim
ohfevu pod T, byly studovany pfedeviim na zakladé zmén orientace méfenim dvojlomu dale
méfenim srazlivych vlastnosti nedlouzeného vldkna a zmény jeho chovani pii plastické deformaci
(dlouzeni za studena).

Rada praci byla vénovéna studiu procesu tzv. rekrystalizace (T,.) nebo nékdy oznacovaného
jako ,.sekundarniho fazového procesu™ (T;). Jde o exotermicko-endotermicky proces na dynamické
kiivce DSC v oblasti mezi teplotou skelného prechodu (T, ) a teplotou tani (Ty,). Protoze poloha
tohoto procesu je zavisla predevSim na predchozi teploté fixace je téz nékdy nazyvana jako
.efektivni teplota fixace™ vlakna. Na zakladé rady studii byla vypracovana teorie tohoto procesu,
jako paralelni pribéh dvou vzajemné se podminujicich procesu: (a) exotermni krystalizace a
rekrystalizace , (b) endotermni parcialni tani nedokonalych a méné stabilnich krystali. Bylo téz
prokazano, ze .efektivni teplota fixace™ pro izotermni ohfev ve vodé je o asi o 16 K vy33i nez pii
izotermnim ohfevu v horkém vzduchu a pfesné odpovida poklesu teploty skelného piechodu.

Pti dynamickém ohfevu nedlouzeného amorfniho vlakna se mezi T, a Ty, objevi exotermicky
pik tzv. _studené krystalizace™, jeho vrchol je oznaovan T.. Poloha a plocha tohoto piku je vyrazné
zavisla na podminkach ohfevu, predev§im na rychlosti ohfevu. Je to zptsobeno tim, Zze vysledny
tvar je opét vysledkem dvou protichidnych procesu: (a) srostouci teplotou roste rychlost
krystalizace (b) s probihajicim procesem krystalizace a rostoucim stupném krystalinity rychlost
krystalizace klesa. Méfeni velikosti plochy exotermniho piku krystalizace 1ze vyuzit i ke méfeni
kinetiky isotermni krystalizace pfi teplotach asi do 30 K nad T,. Ubytek plochy je amémy pribéhu
predchozi 1sotermni krystalizace.

Dalsi cast praci byla vénovana procesu tani, vzniku vicenasobného piku tani. Studium
procesu tani za ruznych rychlosti ohfevu a po izotermnim ohfevu pfi teplotach blizkych bodu tani a
z porovnani tani orientovanych a neorientovanych PET a co-PET se ukazalo, ze vicenasobny pik
tani je opét vysledkem dvou paralelnich procesii. S rostouci teplotou krystalizace neroste pouze
stupen krystalinity, ale roste 1 rovnovazna delka skladu v lamelach krystalu. S rostouci teplotou
krystalizace (a to plati 1 pfi dynamickém ohfevu na DSC) dochazi ke piestavbé krystali, tedy
rekrystalizaci, coz je proces exotermicky. Na druhé strané tani polymeru neni klasicky fazovy
prechod I. druhu, to znamena, Ze pii urcité teploté viechny krystaly polymeru roztaji U'akd je tomu
u anorganickych krystalu), ale polymerni krystal je tvofen celym spektrem krystali s riznou délkou
skladu a riznym stupném uspofadani a tyto krystaly taji pri riznych teplotach. Pii kazdém zvySeni
teploty mize tedy nestabilni krystal bud’ tat (endotermni proces) a nebo se prestavovat na stabilngj3i
krystal (exotermni proces), ktery pak taje pri vy3si teploté. Kombinaci téchto procesu vznika
vicenasobny pik tani, jako superpozice probihajicich procesii.



Protoze teplota tani zavisi na délce skladu, byla pro polymery definovana tzv. rovnovéiné
teplota tani T,,". Ta je teoreticky dana jako tani polymeru o nekone¢né délce skladu (nebo prakticky
by to bylo u polymerniho krystalu tvofeného pouze netaznymi fetézci bez jediného skladu). Jina
definice vychazi z dynamiky procesu a fika, Ze je to teplota, pfi které je rychlost krystalizace a tani
shodna. Rovnovazna teplota tani se uréi jako extrapolace prevracené hodnoty délky krystalizaéniho
skladu (1/L) k nule. Délka skladu se uréi srtg difrakce. Daldi moznost je vyuzit extrapolaci
zavislosti teploty tani (T,,) na teploté krystalizace nebo rekrystalizace (T.). Pro To = T = T

Termicka analyza se ukazala jako efektivni metoda sledovani tepelnych procesii nad
teplotou tani, tedy predeviim termické a oxidativni degradace. Termicka analyza nam umoznila
sledovat i pribéh vyménnych reakci pfi smichani dvou co-PET. Smichame-li totiz dva co-PET
s riznym obsahem komonomeru nebo dokonce dva riizné polyestery, pak vtaveniné dochazi
k vyménnym reakcim mezi makromolekularnimi fetézci. Na konci tohoto procesu je pak kopolymer
se statistickym rozlozenim komonomeru.

Vedle téchto kvantitativnich nebo semi-kvantitativnich metod je mozno pouzit termickou
analyzu jako metodu kvalitativni. Kazdy typ polymerniho vlakna ma charakteristické znaky
termoanalytické kfivky ziskaného z diferen¢ni termické analyzy (DTA) nebo termomechanické
analyzy (TMA) a kone¢né z DSC. Tyto termické kfivky jsou dnes obsahem riiznych atlasu a
piehledi a pii kombinaci se spektralnimi metodami umoziuji identifikovat typ pouzitého
ptirodniho, regenerovaného nebo syntetického vlakna.

D. ABSTRACT

We studied processes which occur when poly (ethylene terephthalate) fibres (PET) or its co-
polymer (co-PET) are exposed to a constant temperature (annealing) or to dynamic heating using
methods of thermal analysis especially the differential scanning calorimeter (DSC). Changes of
behaviour of PET and co-PET after annealing during subsequent dynamic heating on the DSC were
often observed. These qualities were studied for both oriented and non-oriented PET and co-PET.
The work also deals with use of methods of thermal analysis for observation of some qualities of
PET melt, such as thermooxidative degradation or exchanging reactions in co-PET.

When annealing and dynamic heating on the DSC were combined, it was proved that
amorphous PET is subject to changes of suprarmolecular structure at temperatures lower than the
temperature of glass transition (T,). Moreover, it was found out that water has plasticizing effect on
PET and co-PET which becomes apparent by lowering of T, by approximately 16K in PET.
Changes of suprarmolecular structure during annealing under T, were studied primarily on the basis
of changes of orientation measured by means of birefringence and also by measuring of contractible
qualities of non-stretched fibre and changes of its behaviour during cold drawing.

Many works focused on studying the process of so-called re-crystallization (T,.) sometimes
also called “secondary phase transition” (T,). Since the position of this process depends especially
on the previous temperature of setting (annealing), it is sometimes also called an “effective setting
temperature” of fibre. Based on a number of studies a theory of this process was made as a parallel
course of two mutually conditioning processes: (a) exothermal crystallization and re-crystallization.
(b) endothermic partial melting of imperfect and less stable crystals. :

During dynamic heating of non-stretched amorphous fibre on the DSC an exothermal peak
of so-called “cold crystallization™ appears between Ty 4nq Ty; its peak is marked T. . Position and
area of this peak depends on the conditions of heating substantially, especially on the speed of
heating. Measuring of the area of the exothermal peak of crystallization can also be used for
measuring of kinetics of 1sothermal crystallization at temperatures up to appr. 30K above T

The next part of the works focused on the melting process. Having studied the melting
process at various heating speeds and after annealing at temperatures close to the melting point and
having observed melting of oriented and non-oriented PET and co-PET, we discovered that a
multiple melting peak is a result of two parallel processes again. Growing crystallization
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temperature not only causes increase of a crystallinity degree but also increase crystallite thickne_ss‘
When the crystallization temperature grows, crystals become restructured, or re-crystallized, which
is an exothermal process. On the other hand, melting of polymer is not a the classic first ph_ase
transition of, during which all crystals melt at a certain temperature. But a polymer crystal consists
of a number of crystals of a various thickness and a various level of organization and these crystals
melt at various temperatures. An unstable crystal can either melt (endothermic process) or
restructure itself to a more stable crystal (exothermal process) when temperature increases. By
combination of these two processes a multiple melting peak is created as a superposition of ongoing
processes.

Since the melting point depends on crystallite thickness, a so-called equilibrium melting
temperature T, was defined for polymers. It is theoretically defined for an infinitely thick crystal.
Another definition is based on the dynamics of the process and says that it is a temperature at which
the speed of re-crystallization and melting 1s equal.

Thermal analysis proved itself to be an effective method of observing thermal processes
above the melting point, which means of thermal and oxidative degradation. Thermal analysis
enabled us to observe the process of exchanging reactions when two co-PET are melted.
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DIFFERENCES IN THE MECHANICAL AND OPTICAL
BEHAVIOR OF THE PHYSICAL NETWORK OF AMOR-
PHOUS POLY(ETHYLENE TEREPHTHALATE) AS A
RESULT OF ANNEALING

J. VANICEK

SILON n.p., Plana nad Luznici, Czechoslovakia
J. JANACEK

Institute of Macromolecular Chemistry, Czechoslovak Academy
of Sciences, 162 06 Prague 6, Czechoslovakia

SYNOPSIS

The properties of undrawn amorphous poly(ethvlene terephthalate) fibers where the
optical anisotropy had a of magnitude of 10=3 were investigated. The fibers behave as a
deformed frozen network of entanglements formed in the process of spinning. The shrinking
of the fibers is observed when heating them to a temperature above T,. It was found that the
annealing of fibers at a constant length at temperatures near 7, results in a decrease of their
birefringence, but that shrinking and the retractive force changed only negligibly. The
results obtained can be explained by means of Yeh's model of amorphous polymers. It can
be assumed that annealing leads to conformational changes inside the nodules, with a
predominantly parallel order of the chains, probably without involving any changes in the
network of entanglements. As a consequence, annealing results in a decrease in the stress—
optical coefficient. Annealing does not produce any changes in the natural drawing ratio
of the fibers which seems to indicate that its value is not directly related with the birefrin-
gence, as has been assumed up to now but thatit hasa relation to the network of entangle-
ments.

INTRODUCTION

The relation between the orientation and drawing of the poly(ethylene
terephthalate) (PET) fibers has been studied by a number of authors.1-10 The
effect of the drawing ratio on the resulting fiber anisotropy,1,4,5.8,% and prop-
erties of the undrawn fiber and their influence on drawing!,4-8,10 have been
examined. Ward et al.? explain the origin of anisotropy of a PET fiber during
spinning as a deformation of a network consisting of entanglements and
formed during solidification of the fiber. An analysis of the behavior of this

]
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force. The course of the retractive force in the fiber as a function of time is
shown schematically in Figure 1.

In addition to the above, the natural drawing ratio was determined for all
fibers, defined as the ratio of the fiber length after completion of inhomogene-
ous neck drawing, to the original fiber length before drawing. The measure-
ment was performed with an Instron dynamometer; the length of the samples
between the clamps was 3 cm and the crosshead speed was 1 cm/min; the
natural drawing ratio was read off from the graph.

6
6
A
__‘\*‘\_
time
FIG. 1. Schematic course of the retractive force in the fiber at 66°C. Method of deter-

mination of the retractive force, or, can be seen in the figure.

Annealing of Fibers

The fibers were fixed in the clamps of a stand, and then exposed to an ele-
vated temperature in a hot-air circulation drying-box for the time required. The
fixed fibers were then immersed into a water—ice mixture, and on removal,
left at room temperature. The birefringence, shrinking, retractive force, and
natural drawing ratio were also determined for the fibers by using the pro-
cedure described above.

In order to interpret the results, one has to bear in mind that the glass
transition temperature (7,) of PET in water is about 48 °C, while in air it is
about 67°C (cf. e.g., ref. 2). Annealing of the fibers, if carried out at 60-80°C,
took place near T,, while the shrinking and retractive force when measured
in water at 66°C were about 18°C above T,. Such a procedure was chosen
because the temperature homogeneity, and thus also reproducible values, are
much more readily reached in water than in other media.

RESULTS

The change in the fiber birefringence with the time of thermal exposure
for various temperatures of annealing is shown in Figure 2. The birefringence
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Relation between the retractive force of the fiber and birefringence for non-
annealed (O) fibers and for fibers annealed at temperatures between 65 to 80°C at constant
length (@).

DISCUSSION

To verify experimentally the properties of the physical network of a PET
fiber, Pinnock and Ward? used the classical theory of rubber-like elasticity6

or = vkT (A2 — 1/2)

(1)
where or 1s the retractive force, v is the network density, k is Boltzmann’s
ot
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This is also illustrated by Figure 6, showing the dependence between the
birefringence and the expression

(1= 8)2) =1 —§)

which is obtained by substitution for 4 into eq. (1) or (2). There is practically
no decrease in shrinking for fibers annealed at 65 and 70°C; the decrease at
75 and 80°C proceeds rather slowly compared to the series of nonannealed
fibers.

It may be assumed, therefore, that the annealing of PET in the neighbor-
hood of T, leads to segmental motions inside the nodules, which in turn causes
a change in the polariZability of the statistical segment of the physical network
of entanglements. Owing to the small changes in the shrinking and retractive
force of the fiber, one may infer that under these conditions the density and
space distribution of entanglements remain unchanged.

Only at 100°C (in air), the mobility was such as to produce both a
decrease in the birefringence and a decrease in the shrinking and retractive
force. Moreover, at this temperature the crystallization of the fiber already
takes place.

From the measurements of the stress-strain curves, it follows that the
natural drawing ratio is not directly related to the birefringence, as has been
assumed until now. Its changes are closely connected with shrinking and with
the retractive force, and thus, also with the network of entanglements. Since
the tendency of the fiber to brittle fracture also increases during annealing, one
may assume that the parallelization of chains inside the nodules also leads to
an increase of the inhomogeneities of density inside the fiber, and to the
formation of microcracks.1?
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Viiv tepelné historie nedlouieného polyetyléntereftaléto-
vého vlikna na predorientaci a dlouzeni

Vanidek Jird,

Ber ka Marian

Silon, nérodn{ podnik, 391 11 Plané nad IuZnic{,
poSta Sezimovo Ust{ 2, &SSR

Byl sledovédn vljv tepelné nistorie nedlouZeného
PET vldkna na predorientaci a dlouZitelnost. Vysled=-
ky byly interpretovédny pomoci modulérnihg mogelu

agorfnih

o polymeru podle Yeha a Geila. Zrejme v pri-

behu tepelné expozice dochédzi ke konformalnim zme=-
nédm uvnitr nodulld, které vedou jednak k rychlejsimu
poklesu optické anizotropie ve srovmnéni s mechapic-
kou a soucasne roste fluktuace hustoty ve vldkne,
kterd zvySuje sklon vlédkna ke krehkému lomu.,

Buno mccremoBaHO BAMSEHWE TENIOBOK MCTODHM HEBHTS-
EyToro moxams®upHOIO BOJOKHA Ea NPeNOpPMEHTEIMD M
BEHTEI'MESEMOCTh, PE3YILTaTH OHIM MHTEPIDETVpO BREHER
Npr DOoMOEM HOXYAADHEOKM MOmexy amMopdHOIO moJANMEpa
mo fere m Iajire.OuweBrxEO B XOHy TELIOTHOIO M3IOXE~
HEeHNE NprXoxuT K KOHQODMAMMOHHHM M3MEHeHNEM BEY-
TP¥ HONyXei ,KoTopHe OPMBOXET BO-IEpPEEX E Goxee
CROPDONY NOHMEEHW® OOTUIECKONl 8EU3OTDONMH B CpPOB-
HERNV C MEXa=EMuyecKod ¥ BO-BTODHX pacrTeT (UyKTys-
OME YyOEeALHOro Beca B BOJOKHE,KOTOpaS NOBHIIAET Ha-
EJOHHOCTE BOJOKH& K XDYTKOBOM JOMKE,

The effects have been studied of the thermal histo-
ry of as-spun polyethylene terephthalate fibre on
its pre-orientation and drawing ability. The re=-
sults were interpreted in terms of the nodular mo-
del of the amorphous polymer according to Jeh and
Geil. Apparetnly, during the thermal exposition con=-
formation changes occur inside the nodules which :
lead both to quicker decrease in the optical anisotropy
as compared with the mechanical anisotropy and in-
crease in the density fluctuations, enhancing the
liability to brittle breaks in the fibre.

L, Uvod

Z technologické praxe je znémo, Ze
8 %asem Be meni vlastnosti nedlouZené-
-ho polyesterového vldkna. Jen velmi
obt{Zné lze vydlouZit polyesterové
vldkmo v prvnich hodindch po zvldkne-
nf, V uréitém dasovém intervalu Je jes
ho dlouzitelnost optimélni a pozdeéji
Be opet zhorfuje. Cely proces, nazyva-
ny stédrnut{ nedlouZeného vlékna, Je
v}znemnf§ zvl45t6 u nekterych kopolyme-
rd a zteZuje technologii dlouZen{ v1lédk-
na, Proces stdrnus{ je ovlivnen pre-

’

devSim pisobenim teploty, vlhkosti,

molekulové védhy a stupné predorienta-
ce.

Vysledky studia stdrnut{ nedlouZené-
ho vldkna jsou u riznych autord rizné,
asto 1 protichldné ~2. Zhruba se d4
Efci, Ze v procesu stdrnuti se zvySuje
prirozeny dlouZici pomér vldkna, ros-
te dlouZic{ napetf, zpomaluje se creep
vldkna a roste hustota a pod4tedn{ mo-
dul vldkna. Jednotlivi autori uvéa{
plznou kinetiku techto gmen. To souvis{
zrejmé 8 relativne malou smenou uvede-
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- . dz-
nych parametrd pri gtirnuti a 8 of

kou pEesnosti metod & nerovnom
provozne vyrdbeného vldkme.

srnosti

v
Cilem této préce bylo sledovat vli

zvy3ené teploty na zmenu vlastnosfi
vldkna. I kdyZ za provoznich podminek
nen{ vidkno vystaveno zvyEené teplg
umo¥nily ndm zjiStené vysledky ErCit
trend zmen vlastnosti a tyto zmeny
interpretovat na zdklade goudasnych
nézord na strukturu amorfniho polyme=-
ru a fyzikdlni podstatu predorientace
nedlouZeného PET /polyetylenterefta=
14tovéno/ vldkna. V disledku kopoly=
merace & nebo botnadla se sniZuje Tg
/teplota skelného prechodu/ a proto
rychlost zmén v &lénku uvedenych mi-
Ze byt vyznamnd i za pokojové terlo=-
tye.

te,

2, Vliv tepelné expozice na deformo=
vatelnost vldkna

Fri deformaci nedlouZeného vldkna
za kcnstantni rychlosti jsme za rize-
nych podminek tepelné expozice pozo=

rovali tyto tri typy deformadnich pro-

cest /cbr. 1/: krehky lom, krikovy
lom a dlouZeni za studena. Krehky lom
materidlu je charakterisovdn tim,

Ze k lomu dojde driv neZ bylo dosa=
Zeno meze kluzu. Tedy podminkou pTro
vznik dlouZeni za studena je dosaZe=-
ni meze kluzu materiélus. Ale 1 po
dosaZeni této meze nemus{i dojit vidy
ke vzniku kréku a v materidlu prob{
hé taZny lom. Ten jsme u vldkna za
danych experimentdlnich podminek nee
pozorovali. Pri krékovém lomu dojde
8ice ke stabilizaci kréku, lom ma-
teridlu vSak nastane jedte pred do-
saZenim meze zpevnenf, 2 technologic=-
kého hlediska je neZddouc! jak kiehe
k¥, tak 1 kr&kovy lom vldina.

e B
) éhu

a) kfehky lom

A e —
A |

s
G

o] O g
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c) dlouzen{ za studena

Obr. 1 R(zné tvary deformaénich kfi-
vek PET vléaken.

NedlouZené amorfni PET vldkno /titr

5s1 den, limitni viskozitni &islo 0,646, }

dvojlom 6,32/ bylo vystaveno tepelné
expozici 10 minut pri teplotdch 40 aZ
90 °C v cirkulainf horkovzdudné sudér-
né. Po vyjmuti bylo ochlazeno v ledové
14zni /0 °c/. Vidimo bylo tepelne expo-
novéno bud ve volném stavu /s moznosti
8e smrétovat/ & nebo pri konstantni
délce. Toto vldkmo pak bylo v intervalt
1 aZ 8 hodin pPo tepelné expozici defor=
MOV&NO na dynamometru Instron pri upi-
nacl délce 3 cm. KaZd§ vzorek byl de-

Y
)

g

B

formovén nejméns dvacetkrdt a bylo hods?

°ﬁn° Procentuelni zastoupen{ jednotli~
V¥eh typld deformainf{ch krivek., U vldkeh
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kterd se dlouZila za studena, bylo hod-

noceno /viz obr. lc/: kluzové napeti
95' dlouZici napeti 6I)a napeti pri
pretrhu 0 g.

Na obr. 2 Je vynesena zAvislost klu-
zového napeti na logaritmu rychlosti
deformace vléima u nékolika exponova-
nych vzorki,

] /j}/} s
] . . #0 cavsr o€iia
{PJ A 2 2 Co* roeAEs

o =

s e T T e
g5 1 -2 ©
f[fh/hunj =
2 Zavislost kluzového napéti na
rychlosti deformace pro vlakna
s riznou tepelnou historif.

©o

Obr.

Stejnéd zdvislost pro dlouZici na-
péti je pak na obr. 3 a pro napeti
i pretrhu na obr. 4. Zména dlouZi-
ctho @ kluzového napeti s teplotou
temperace u vldkna deformovaného
rychlosti 5 cm/min je pak znézorne-

o - Ayoore’ raceck

H  a-ransr ocias - boc
o - §0°C - rocni”

X - 30°C - rae NE"

L} | N L T | ) L R, i T
23 5 x» oSO KO

ffcﬁ/h’nj

10 hﬂﬁ‘ Obr. 3 Zaivislost dlouticiho napti na rych-

loxti deformace pro vldkna s riiznou

tepelnou hiatorii.
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g5 / 23 5 P >0 0

remera [/
V1iv tepelné sitorie na napcti pfi

Obr. 4
pfetrhu vlakna,
|
g4
el /Gy - reerii
v I
g /
-}.._1 ,’

4 Gy -ro

e == ,
Gy -avsT DELAA

Gp - kowsT sELkcA

'

e o 30 €0 B Mo o KO
rERLCTR-C)
Ubr. 5 2&vislost kluzového 4 dlouZiciho

napét{ na teplotd pfi rdznych poc-
minkich tcmperdace.

Z naméTrenych vysledki plyne, Ze zd-
vislost kluzového a dlouZiciho napeti
na rychlosti deformace vyhovuje v pod-
atats Lazurkinovel’ nebo Lohrove
rovnici typu

85, = A + B logk Fagk

8
S podminkami temperace se vSak mani
hodnoty konstanty A a B, Mnohem vyraz-
nej&i je vliv tepelné expozice na hod-
notu kluzovéhc napet{, které v pedsta-
té klesd. Pouze pri expozici za vyS-
6i{ch teplot 8 moZnost{ vldkna se smri-
tit roste. V oblasti 50 az 60 °C se
hodnota kluzového napet{ témer bliz{
dlouZic{mu napeti. Napsti pri pretrhu

5 se pri vBech podminkdch temperace
snizuje ve srovndni s celkovou taZnoge
t{ pivodniho vldkna,
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3
TR ve volném stavu
ién? dlouZitelnosti pri tepelné expozici vlékna

zastoupeni jed.notliv:?ch typl deformace
Teplcta . TR
°c DlouZeni za studens | Krehky

% %

s :
piv. vldkmo 100 g '
40 100 a
A 100 0 s
f 95" : :

85 15 :

748
80 100 i
50 0 :
fe
'‘abulka 2 L

louZitelnost PET vldkna za riznych podminek temperace /stanoveno jako procento
-14ken, u kterych dodlo ke krdkovému nebo krehkému 1omu/

-y

Tepelnd historie vlékna % lomu i

Pivodn{ vléimo 0 it
50 °¢, 1 hod., ve volném stavu 0
50 °C, 1 hod., konst. délka vldkma 61
50 °c, 1 hod., konst., délka + prvni min, po ochl. 0

+ 80 °C, 3 min e rychle ochlazeno 30 min. po ochlaz. 100 K

L

V tabulce 1 jsou uvedeny zmeny dlou=- . _Zmena predorient a8 dlpuZictho
‘itelnosti vldkma s teplotou expozice Roméru vidims & podm{pkami tempersce

271 pouzZit{ deformain{ rychlosti

L00 cm/min. S ristem teploty dlouZi- Pri zvldknovan{ polymern{ taveniny
‘elnost vldima klesd a to pri teplo=- 8¢ v disledku odtahu vytvér{ mezi trys
tdeh, kdy jeSte neprobfhd v amorfnim kou a navijecim strojem napet{, kterdé
°ET krystalizace -4, Zmeny dlouZitele VyVoldvd deformaci chladnoucfho vldk :
108t1 za rldznych podminek tepelné 78« To vede ke vzniku mechanické 8 OF
F¥pozice jsou uvedeny v tabulce 2. *ické anizotropie nedlouZendho v14knSs

42 ni jJe moZno zjistit, Ze sklon k lo- k t.zv, P;‘edorientaoi. V1dkno mé z8

T meteridlu je vetd{ pri temperaci beiny
3 c eZnych provozn{ -
8 konstantn{ délky vldkma, Pri gah- Eédov; 1 OR. Delmingt S

Iréti vlé.lma nad Tg 8 rychlém ochlazew dochédz{
2{ lze dosdhnout po urditou dobu
:lepSeni dlouZitelnogti vlédkna,

/

0™ & sa vy58{ teploty /nad T/
ke smriten{, Predorientace pé
také vyrazng viiy na velikost priros®”
ného dlouZictho pom;m, ktery byvé de-
’ finOTfh bud jako protafen{ na mesi

7 *hevaeng € p /v %/ /viz obr. 1lc/ @ ne

..
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bo jeko deformacni pomer na mezi zrev-
neni A pe Pak plati, Ze
£

+:.15
. 100 _

Sledovali jsme Zasovy pribeh zmen
prirozeného dlouZictho jomeru, sroi-
téni a dvojlomu rri rtznjch teplotich
a za kcnstantni délky vldima. Ne obw,

| 6 je zndzornen asovy pribéh zmén Fi-
‘ rozeného dlouZiciho pomeru v z2avizlos-
ti na te;jlote expozice. Prirozeny clou=-
‘ ¥ic{ poméer byl stanoven na dynamometru
__j Instron rri upinaci délce 3 cm a de-
formadni rychlosti 1 cm/min. Nz cbr. 7
Je obdobny graf pro zmenu smritend,
m“mV’é]mo ge smxr3tovalc 10 minut ve vrou-
¢ vode, Z nésleduj_cmo obrdzku 8 je
patrné, Ze zmeny dvojlomu jscu vyznamné
1 za niZS{ich teplot. Dvojlom byl zjid=-

omi
tovin ne polarizalnim mikecskoyu & rou-
0 |%itim Berekcva kompensdioru.
0
B | ~
| 5
59 *n
00 | 1zl '
# "‘:
400 o vy
uiisls
t’"nw, - ¢0°C
 gesd SSgeec
] a4 - ?C"C'
44, e S 4 - 100°C
'ﬂo 'w
doké b
o
0 28 p e
L

Jub 3 9 77 o slmal
’” | Obr. 6 Zména pfir. dlouz. pomiru s teplo=-
tou a dubou temperace pfi konstant-

ni{ délce vlakna.
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Ubr. 7 Zménu smrs$tén{ s teplotou a dobou
temperace pri konst. délce vlakna.
o
2 x o
S8 e E
8 5
§ = . ° ‘3‘-‘-.
é 4
Lor
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a.
rd 4
o
R e P P
cas Lminl
Ubr. & Iména dvojlomu s podain‘k'ami tem-

perace pii konst. délce vlakna,

Tedy pri niZ3ich teplctdch dochdzi
pri temperaci vldima za kcenstantny
délky predeviim ke zméne dvecilomu
a jen k melym zmendm smr&tini a pri-
rozeného dlcuZicfho roméru. Terrve
£Fi 100 °C klesé soudasne dvojlom
i smr3téni vldima e rcate zFirozeny
dlouZici pomer. Je to dob e patrné
z ndsledujiciho obrdziu 9, kde je uve
den vztah mezi smriténim, rrirozenym
dlouZicim pomerem a dvojlomem. Pri
této terloté viak JiZ probihd krysta-
lizace vlékna.

Kvalitativne stejné vysledky byly
dosaZeny rri temperaci vldkma ve vol-
ném stavu. Soufasny pokles mechanic-
ké a optické anizotropie se projevy



CHEMICKE VLAENA V1,

100
:;:‘ /srov. obr. 9 a 11/,
wﬁéw’lfim“" .
_._——'--—v-"'-""”
. 2
& % Snedrén s e |0
%
& tovexsd0c O o4
i L ol
ﬁ
Obr. 9 Vztah mezi piir. dloui. pomérem, B n
smritdnim a dvojlomea pro vldkno : '
temperované za konst. délky. i (
0 t
¥
ubr. 11 Vztah mezi piir.dlout, Pontrem, E'
= sarsténim f dvojlomem pro vlakng :
:. -?" E temperovancé wve volnem stuvy, i
9 3 i
o 3
) g s Vysledky této xapitoly lze shrnout o
f i 2 asi takto: Pri temperaci vldima doché '
- = = z1 k poklesu optické a mechanické ani~ _
et zotropie vldkma. Pokles dvojlom Je |
E s s rychlejs{ neZ pokles mechanické ani- .
r o 2 zotropie. Tato disproporce je vyraznel R
2 ) 81 pri expozici vldima za konstantni ;:
c / 8 délky. Tedy existuje dzky vztah mezi |
1 = zmenami smriteni a prirozeného dloufi 3
‘; s Lmin] ciho poméru /zjidtovandho za nizkych |
3 ubr. 10 imi::n::t:::na m:cha:m.c:i ani= I"JCthBtJ: deformace na dgnamometru/- vé
/ o 4 PPl tepelné expo= oo » v M
v zici ve volném stavu a teplots 8u°c, Zmer}y dvojlomu Erobﬂlajl relatiwne )
f nezavisle na zmendch mechanické anizo- [y
5 tropie v14imna, 4
2 e - o !'\‘\
k: Jjiz prf ?0 C. To je patrno 3 pokle- A §
h' ©u smriten{ a8 dvojlomu pro vildime ‘7117 Yepelné historie vldkna na tex
ar exponovang P‘ri 80 OC Ve VOIn‘m stas Q‘-_i_c_ié ChO"?é_n]: 4
[V /ObE, 10/, kls 4 M R
p = za techto pod- ~ 2 )
g: Tinek probfhd ztrdtg optickd a.nf:ot i Ochlazeni vldkna pod teplotu skt
t( Ple rychleji ne3 Pokles smritans NI‘O- néljovPrGChOdu /T%-/ dochdaf ke BkOkovf &
s °PTe 11 Je uveden vztgn ez dv; la g Pohyblivosti molekuldrnich rete
| mem, prirozenym qouz L i TS N S rada vlagtnosti polymeri
ké‘ Uzicim Pomeren 2 ¢ 1=
Iy ° oL D Pro teploty sxpogies 4 rooy nodynamického hlediska je zeskel”

2L polymery nerovnovdiny proces, k4 o
TV Je doprovézen zmgnou tepelnd kapecity,
Polymeyr,, Tvar odskelnen{ pri ndsledv

Jlcin zahr{vén{ vldkna je zdvisly n8 |
Podmink4ap chladnut{ a na tepelné hw
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rii polymeru ve skelném atavuT.- Pri
zehTivéni vldkna konstantni rychlostf
na pristrojich diferencidlni termickd
anslyzy &nebo diferencidlni kalori-
metrie /DSC/ lze pozorovat na termo-
gramu skokovou zmenu z&kladni linky

v disledku zmeény tepelné kapacity po=-
lymeru. Pomalym ochlazovdnim a nebo
temperaci vzorku p?i teplotdch blizko
Tg se pri ndsledujicim odskelneni
objevi na termogramu endoterm. Tento -
termograficky endoterm je vysvetlo-

O T S
St LT

L4

S

n'l
vén jako disledek dokonalejSiho uspo-
bra, raddni retézcl ve skelném polymeru.
Wi pri zahrivdn{ je pak nutno prekonat
% interakdéni sily mezi Fetdzcil,
Na obr. 12 je zndzormen pribeh
rnou

odskelneni nedlouZeného vldkna s riz-
VO 1oy tepelnou historif, Z tvaru termo-
kaamgmmu je patrné, Ze i za pokojové tep-
¥ 1oty a v pritomnosti vlhkosti dochd=-
iani-' 2{ ve vldkne ke konformadnim zmendm.
VP Rychlost zmen je z&visld na teplotd
@t prostredi, V1iv doby temperace na
| meil tvar termogramu v oblasti skelného
dlo prechodu je zrejmy z obr. 13. Vzor-
2% ky nedlouZeného PET vldkna byly zahri=-
tru/ vény riznou dobu na teplotu 65 °c., M8~
mé Ten{ termického chovani bylo provdde-
ani¥no na diferencidlni kalorimetru DSC-1B
firmy Perkin-Elmer. Z pribehu odskel-
néni na obr. 13 je videt, Ze endoter-
wiclﬁf pik v oblasti skelného prechodu
roste 8 dobou iectermické
unuje se kx vysS&im teplotdm.
atu ¥

M5, Diskuse vysledict
1 ;gtel'

Lﬂ‘ﬂ' Pri interpretaci vyaledki nutno vy=-
'051‘“ hézet ze moudasnych ndzori na gtruktu-
gy ¥ amorentho polymeru a na fyzikdlni

WP‘”"dﬂtutu predorientace.

lglet”

408 Soulasné ndzory na strukturu amorfni-
4 hil"i” Folymeru shrnul ve
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. Schematicky prdbéh odskelpnéni ne-
dlouzeného PET vlékna s ridznou

tepelnou historii.
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i Aord
& S0 TE~ord

Obr. 13- Vliv doby temperuce nd tvar termo=-

gramu v oblasti skeluého pfechodu
pfi teploté temperace 65°C,

V posledni dobe byly na zdklade stu-
dis struktury & vlastnosti amorfnich
polymeri navrieny Styri medely struk-
tury. Viechny maji tyto spoleiné rysy:

1. Molekuly amorfniho polymeru maji ten-
denci vytvédret oblasti s paralelne us-
porddanymi retezci.

2. V %4dném.z techto modeld se nepred-
pokl4dd existence naprimenych retezed

pouze tran3 konformace, které jsou cha-
rakteristické pro krystalic o polymery.

Nejlépe propeacovany a také experimen~
tdlne negvica podloZeny je model Yeha
a Geila “, t.zv. noduldrni model, kte-
ry byl navrien na zdkladé studia elektro-
nové mikroskopie rady amorfunich polyme=
. Podle jejich predstav je struktura

BV T (O ———————————
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ninami a proto se Jejich pofet 54 i | et
5{ teploty pri dostateiné fgh:"blimti giv
Fetozcd menf. Bylo ukdzdno™, pro | stele
vztah smr3teni a dvojlomu 1ze pousfs | il
klasickou teorii kaudukovitd elagtyey, i ¢
ty. Aharonils predpoklédd4, Ze se P | z
deformaci uplatnujf jen ty zaplotenty | %
které jsou na povrchu noduld, i

emorfniho polymeru tvorena dominii ino"
duly/, ve kterych pf-evlédé‘pafaleln |
usporddini Fetezcl, V okoli techto no
dult se nachddzi druhd ffze ze zcela
ndhodngm usporddénim retescd. Ta je pak
v amorfnim polymeru nositelem Vflnéljo
objemi. Yeh a Geil pozorovall, ze pfi
temperaci skelného polymeru /a rorne?.

u PET/ dochdzi pri temperaci 10 aZ

20 °C pod T_ ke zvyrazneni noduldrni
gtruktury. %robﬂné agregace noduld a 1y
pak dosahujf velikosti 500 aZ 1000 f.

~ Na zéklade uvedenych poznatil si 1y
vysvetlit zmeény vlastnosi{ nedlouzen. ’
ho PET vldkna 8 podminkami temperace | ', ..
nésledovné: U Zerstvého vldima jii
Temperaci pod T_ 1ze pozorovat i zmeé= existuji pravdeépodobné zirodky nodue Sul
ny v chovdn{ PET v linedrni oblasti lérn{ atrljk‘l-’u-l'.‘h nebot Jje znédmo, Ze iy el
viskcelastického chovdni, S temperaci v tavenine PET lze pozorovat tendenci
se posunuje & maximum zirdtového modu- k paralelizaci retfezcid /srovne] 15/,
lu E°” k vy35im teplotdm. Jeho poloha Po rychlém ztuhnuti taveniny viak je
je ddvdna do souvislosti se skelnjm v polymeru jeSte velké mnoZsiv{ volnde
rrechodem®. Tento fakt 1ze potom déd= ho objemu., Pri tepelns expozici dochde | Lz
vat do souvislosti s posunem endoter— 21 jednak k poklesu specifického obje= |:nlnén:
rickéno piku odskelnenf, jak o tom by= 1mu a k dals{ paralelizaci retezcd uvnir| i
1o pojsdndno v kapitole 4., Podle pos=- noduld, Tyto zmeny vedou k ristu f£luk- in0vRe
lednich praci{ mé P maximum ztritového tuace hustoty, zvySuji se rozdily mezi |q -
modulu, které se nachdzi pri -50 °c, hustotou nodulu a jeho okolfm, To mife | :
souvislost s pohyby retézel v neregu-  vést aZ ke vemiky mikrotrhlin, V pribé- |u ;
ldrnich skladech noduldrni struktury, hu paralelizace retézed uvnit® nodull tlsy
P meximum neni pozorovdno p¥i prudkém dochddzi ke zméné polarizovatelnosti i3l

oczhlazeni polymerni taveniny a roste
S dobou %emperace v oblasti skelného
s¥cchodull.

Podl:e Zinnocka a ‘:‘u’arda.:]‘2 si lze
rredstavit vznik predorientace &
7 amorfnim PET vldkne nwd 2v1diovs-
nl jako disledek deformace tuhnouctho
Folymerniho proudu v oblasti Jeho
xauéukovitého chovén{, Polymer je
viak ddle ochlazovédn na JeBte niz3f
teplotu, takZe pri poklesy teploty
sod Tg dojde k "zamrznut{n deformo-
vané fyzil;:ailni site linea'tmiho amorfni-
bo PET. Pri zahrdt{ vldkna ng teplotuy
vyE81 neZ T_ dojde k retrakel této
sfte a tudiZ ke smréténi. Pyzixdln{
sit vldkna e

s8tatického segmentu retezce, Tim Se me-
ni{ pomer oj?gické 8 mechanické anizotro-

Fie v1dkna*®, Pokles dvojlomu je ryche
lejSi nez

Pri temperaci vldkna za konstantni
délky dochézi{xe vznilu retraktivni sie
ly. Za nizsdich teplot /pod T/ je po-
hyblivost Fetszed tak mald, e v poly-
Meru probihajf konformadn{ zmeny pou-
26 mezl uzly fyzikdln{ s{ts zapletenin
unistenych ng Povrchu noduld, V dusled=
ku retraktivny 8ily vyvoléné temperaci
za I.cons tantny{ dé1lky vldkna, dochdzi
® ristu milrotrnlin, za urditych pod-

Pokles mechanické anizotropies |

minek lzg Pozorovat preruSieni nekterych
Tibril 313 Pribéhu tepelné expozices
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v disledku téchto zmén lze pak pozo-
rovat pokles kluzového nayeti a soulas-
s 1 ve3: sklon ke krehkému lomu, jako
dusledek fluktuace hustoty ve vldkna.
yy58< hodnota kluzového nepéti pri te-
pelné expozici ve volném stavu nad
7 je zTejmeé disledek smr3teny vldkme
aopistu titru. Napeti pri
vldima ve v3ech pripadeck
¢/, To je zrejme disledek

p§etrhu
klesd /obr.
rritomnos-
ti mikrotrhlin, kieré se vystviri
v;rab&ultem,erace nedlouzZeného vldk=-
ne 1 v pribéhu zhordendho dlouZend.
Venik mikroirhlin v nedlouZeném vldk-
ne byl prokdzén i pcmoci elektronové
mikroskorie”', kdyZ ns ultratenkém

Yezu vidima temperovaného pri 80 °C

za konstantni délky bylo moZno pozo~ .
rovat dutiny velikosti 10 7m.

Imeny
skelného
histerie
/srovne})

ermického chovéni v oblasti
p§ chodu jako dfsledek rizné
sledcvala jiZ rada asutord
nap. 10 18/, 7315t3né vysled-
ky jeou v souladu s drive publikova=
nymi, 2 termického chovdni se dd usu-
zovat, Ze v procesu 3tdrnuti dochddzi
k ristu mezimolekuldrnich sil /zTejmé
v di3ledku paralelizace retezcl/ a pro-
to je pak odskelneni cherekterisovéno
exdotermickim pikem.

4 Souhyn

3yl sledovén vliv tepelné expozice
na zmanu P‘edc}“ientace a deformovatel=-
n0sti emorfniho nedlouZeného PET vldk-
B, Ukazuje se, Ze je moZno zmenu vlast-
nmtlxlmam interpretovat na zdklade
Predetay o dvoufdzovém noduldrnim mo-
dely amcrfnfho pol ymerug. Skelny po-
%m“’Je tvoren dominii s vys8im stup-
"0 & 0kolim 8 niZ#im stupnem us pord=
dMI-ITi‘wmprraci za niziéich teplot

°dm21xmuzﬂ ke konformaénim zmendm
Wity neduld,
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1ldvéd podstatné zmeny v topologii fy-
z1kdlni s{t¢ zajpletenin. Disledkem to=
hoto procesu je rychlejii pokles op-
tické anizotrpie ve srovnédni £ mecha=-
nickou anizotropii. Teprve pri teplo-
tdch nad T_ dochdzi k soudasné zmene

v poftu a rozmisteni uzli. Temperace

v oblasti T_ vede také ke vzrustu flu-
ktusce hustoty uvnitr vldkna, Tim ros=-
te pravdspodobnost vzniku mikrotrhlin,
které mchou vést ke krehkému lomu pri
deformaci. Pri tepelné expozici ze
konstantni délky miZe v pribehu tem-
rerace dojit k ristu mikrotrhlin, jsko
disledek retraktivni s{ly vyvolané tem-

peraci anizotrogntho v’ékna za vyssi
teploty.
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ISOTHERMAL CRYSTALLIZATION MEASUREMENTS ON COPOLY-
ESTERS BY DIFFERENTIAL SCANNING CALORIMETRY

J. VANICEK, J. BUDIN and M. BERKA

Chemopetrol-Silon Combine, Researciy Department, Pland nad Luznici, 391 02 Sezimovo Usti,
Czechoslovakia

(Received December 7, 1976)

Miller’s method for isolherma'!. crystallization measurement was used to determine
the progress of crystallization of copoly(ethylene terephthalate/isophthalate) and
copoly(ethylene terephthalate/5-methoxyisophthalate) by DSC. The evaluation of
kinetic parameters is too complicated for higher contents of comonomer and higher
values of molecular mass of copolyesters. On the other hand, the experimental results
interpreted by the simplified equation well characterized the differences in the rates of
crystallization of different copolyesters.

Some ckarges of physical preperties of polymers during the transition from an
amorphous state to a crystalline one have been used for kinetic investigations of
crystallization. The classical methods employ measurement of volume or density
changes of a polymer. Kolb and Izard [1] first measured the density changes of poly
(ethylene terephthalate) (PET), while Rybnikar [2] used dilatometry for kinetic
measurements. Crystallization measurements can also be investigated in this way
when annealed PET samples are cooled below the glass transition temperature
(T,) in various time intervals and the density is then measured In a gradient co-
lumn [3]. As regards measurement of density changes, there are some exceptions
to this method since the density of non-crystalline regions can vary [4]. As non-
oriented polymers crystallize in the form of spherulites, the progress of cry§talll-
zation can be determined by measuring the rate of spherulites growth [5, 6].
Crystalline formations show some birefrigence and this fact is used for perceiving
the changes of light polarization during the crystallization process [7, 9]. Further-
more, infrared spectroscopy has been used for this purpose [10]. e

Even differential scanning calorimetry (DSC) 1s gener_ully suitable fo‘r 1soit .CI‘IT}]]Z.i
crystallization measurements, though its en?p!oyment 1sl‘n:0tt}100’n‘ve;1]t1(;r1£]1 'll'nhits iz
sphere [11, 12]. Differential thermal analysis is not applicable at a L

: Bk : at DSC is not very suitable for isothermal
evidently connected with the fact that :

: ilizati f the required isothermal temperature
measurements. For example, stabilization O kel
lasts 2 minutes, using a Perkin-Elmer DSC-1B. Classical calorimetry

N ; asurements [14]. .
tageous for isothermal measu : sing DSC for isothermal crystallization

Miller’s method [13] is the only one u g € PET i

.« methcd enables one to measure a rate 0 ET iso-
measurements on PET Thls Im r 100 to 1 153 ThUS, the Samp]e is annealed
thermal crystallization in the range Irom

J. Thermal Anal. 12, 1977
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ant temperature and then the change in ar, H
rved during the successive heating. In oyr Wtk

he determination of the progress of Crystalj.

for a varying time period at 'const
the cold crystallization peak 1s obse
too, this method has been used for t

zation of copolyesters.
Experimental

Copolyesters were prepared by transesteriﬁc_ation of dimetl?ylterephtha!ate and
dimethylisophthalate or dimethyl-S-.methoxylsophthaloate with ethylene glyc
and by successive polycondensation in the melt at 280° and under a pressure of
113 Pa. Zn(CH,COO), 2 H,0 (0.025 mole %) and Sb(CH,COO); (0.036 moley)
were used as catalysts. H;PO, (0.03 mole %) was USC_d as stabilizer.

The list of polyesters used, as well as intrinsic viscosity values are given i
Table 1.

Table 1

Tne samples of polvesters used and their crystallization data at the
crystallization temperature 109.7°

| | .
i o : Half-t f
Sample | Kind of copolyester [,”Ix. cr_\:tallli:‘:ri:n. BMC ?cns-m?[
mijg g k< 10° min-!

—_— _l_,- R — e r——— i — ——— - .__._,--_ ——

| | unmodified PET ‘ 750 122.0 5.7

2 | unmodified PET }' 65.2 29.5 23.5

3 | 3 mole?l EM** | . 70.0. | 374.0 1.9

4 | I mole’, EM | 54.8 274.7 1.9

55 Smele 2 EM | 72 —* -

6 | 8 mole®, EM 54.8 — —

7 | 8 mole?, EM 692 385.1 1.8

8 | 8 moleY; EI** 72.8 a4 23

9 . 8 moley; E/ 57.2 . . 207.9 . 3.3

Notes: s 'Erhe reIatzonsh!p Is non-linear in Fig. 4, and hence /1 »and k cannot be calculated
[ — ethyleneisophthalic structural units

LR -
EM — ethylene-5-methoxyisophthalic structural units

XX . . 5
Intrinsic viscosi ] : 3 ,
e sity [7] was determined from the extrapolation of reduced visco-
SILY: They' == (",’rﬂ —ljc)of

Relative viscosit copolyester at five concentrations to infinite dilution.
(1:3) at 30)051 Y e Was measured in the mixture of phenol-tetrachloroethane

After extrusion,
equipment was quen
pan and closed. T}
was used for the

the octe .
ChtdC_ODiiyustLr melt from a laboratory polycondensation
e B &, )

1e weight of a sum ,
i ple was 8§ - 12 me. 4 iR SC-1B
measurement. 2. A Perkin-Elmer D

Miller’s method 1571 ic b,
pelyester is heated grch)’rm ttjt‘:r;edem: the following assumptions: if the amorphous
rature low . : :
Perature lower than T,, an exothermic peak of cold
. Thermal Anal. PSR R
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Cf}'smlliza[ioq appears on the trace in the region above this temperature. On th
other hand, if isothermal ur_mealing 1s performed at 4 temperafure l'l:]- e},] ntht e
T. but lower than the mentioned temperature of th i e

o f the exothermic peak 1 : : ¢ exothermic peak, then the
ureat O th EXOINCTMIE peilk 15 smatler. The differthce betweenthe two exathermic
p_cuk areas 1s proportional to the c_rystalline part formed by isothermal crystalliza-
tion at the temperature of annealing (Fig. 1),

The temperature 109.7'“ was established for isothermal crystallization of amor-
phous cqpoI)'eSIers. A series .OFJ ~ 7 samples was prepared and these were annealed
at the said temperature for different time periods. The first sample was not annealed
(t = 0 min). The subsequent time intervals were chosen tentatively according to

o

AT =0

A

Exolherm —

Temperature -

Fig. 1. DSC curve taken according to Miller’s method [15]of isothermal crystallization meas-

urements. The hatched area is proportional to the heat released during isothermal crystalli-

zation. a, peak of cold crystallization after annealing; b, peak of cold crystallization of amor-
phous sample

the rate of crystallization of the given sample. The heating rate was 16 K/min, and
the ordinate sensitivity was 33.5 x 10-® Js~* full scale. The areas of cold crystalli-
zation peaks were measured with a planimeter. The enthalpy of cold crystalliza-
tion was calculated from the sample weight and the calibration constant. The
difference between the enthalpies of an original sample and a sample _crysitallized
at 109.7° for a time 1 is proportional to the crystalline part formed during isother-
mal crystallization at 109.7°. In some cases the temperature of the maximum of the

exothermic peak (T, ) was read from the chart.

Results and discussion

The total rate of crystallization can be described by the empirical Avrami’s

fquation
| — @ = exp(—k1") (1)
Where: © = the crystalline part of polymer
k = rate constant
n = Avrami's exponent

J. Thermal Anal. 12, 1977
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. ither by a rate constant which
: racterized eith
ate is to be cha

The crystallization r e S ey ol crystallization half-time
u

does not consider tlhée] in
,) according to [ :
X ()2 = (In 2/k)" )
he crystallization half-tjme
' ate constant and t
al. [17] calculated the ra
Mayhan et al. [l |
according to the functions

In(l — @) = —kt; 3)
Ila"? — ln 2‘,1'|rk

: ° according to their measurements [17),
using n = 1, seeing that n = 1.14 at 110.0" a

d),ig scale

(1-

0.7}

| "
~ =
10 20 30
Time,min

Fig. 2. Logarithm of non-cryatalline fraction as a function of time for two samples of PET
with different molecular weights. @ (n] = 0.62; c: [] = 0.750

b=y

Figure 2 includes the kinetic data of PET sa
(characterized by [7]. A function of In(1 -
crystallization rate is to be observed at Io
to use the maximum of the ¢
crystallization rate.

The relation between molecul
comparison is to be used for the
more complicated sityation for ¢
shown in Fig. 4, I this case, p
temperature T, incregs;

mples with various molecular weights
©) against ¢ is linear and a higher
wer molecular weight. It is also possible
rystallization peak (7¢) for relative estimation of the

ar weight and T. is shown in Fig. 3. This relative
samples of an identical polymer. There is a little
opolyeste
0 unamb
ng with decreasin

rs. The course of the crystallization 1
Iguous relation was found, such as the
g crystallization rate under isothermal

A
ol

Wl
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“on the olhe_r hand, the temperature of the minimum crystallization half-time
() which is situated between T, and the melting temperature T remains con-
' sant. In the case of copolymers, both T, and T,, are changed in cgkparison with
' the homopolymer. Consequently, the temperature of minimum ¢ » 1S changed, too
' Kinetic data on crystallization of various copolyesters are givlelr-l in Fig. 4 ,The-
are copoly(ethylene terephthalate/isophthalate) and copoly(ethylene te.re;.)htha)j
late/methoxyisophthalate). As is clear from both Fig. 4 and Table 1, the relations
3] cannot be used for evaluation of kinetic data when both the content of the
modifying component and the molecular weight are higher. The relations are not

o 130}
o--
2

125

120 ' | | Wt

30 €0 70 80 90
(n)mi/s
Fig. 3. T, vs. the intrinsic viscosity of PET.

s
L)
@

L ——J——zo 30 40
G 10
Time, min

' [ i copolyesters.
Fig. 4. Logarithm of non-crystalline fraction as a function of time for copoly
J. Thermal Anal, 12, 1977
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ary to use more general equationg than

cess
linear in such cases. [t would be ne

(1) and (2). er’s method [15] 18 applicable to many differen;
: w that Miller's m .

o expell;;mf;?i;:ltgs the half-times calculated for PET f-rom Fig. 2 are greate;

polyesers. T lated by Miller. This may be connected with the value useg fy,

than those calculated D} re is probably some difference in calculation, |,

ar weight. The : el S
the BET, molseiler els lization represents an exothermic reaction with ,

ak of cold crysta % =
?;err;aasle; ;_f;itp:;l; [;)ouct 40 J/g. This value represents about 307, crystallinity, The

lue was obtained by Miller [15]. He related the degree of crys'ta.llinity of
same Vat;_c value (40 J/). In our case we releated the degree of crystallinity to the
fé;;cérysltsaliine polyn;{ér, and this represents about 120 J/ g a;cordmg to the liter-
ature data. We prefered this way because we cannot assume that the peak area of
the cold crystallization corresponds to the ultimate crystallinity of a P?I)'rfler In
the investigated temperature range. The peak areas of the cqld crystallization of
copolyesters are smaller than that for PET. This would necessitate the rate of crys-
tallization of copolyesters related to lower base being even higher than that of

PET. Such findings do not agree with those of other methods.
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R 1alyse ca!gr:mctrrque différentielle de I'avancement de la cristallisation
3 poly(¢thyléne u.r::phlulut:::‘isophla]a[c} ainsi que d -
methoxy-isophtalate). Lévaluat: 5 i " -
s s pluspéfevées e.nLC;n:Ll;mtmﬂ des parameétres cinétiques est trop compliguée pour 1
copolyesters. D'autre Darll r:??ﬂ:tzf et Sour les valeurs plus élevées de la masse molaire d¢8
opol ; ultats d'expériences ' i implifiée on"
i . e nces interprétés par |'é simplifice ¢
bien caractérisé les différences de vitesses de cristallisat; PISISe par U SAUSMOR S
stallisation des divers copolyesters.

v . ’ Al S
copoly(éthyléne tér¢phtalate;:
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ABSTRACT

Two samples of poly(ethylene terephthalate), oriented and unoriented (an-
nealed for several times and temperatures), were scanned by DSC. The density of
the samples was also determined. A thermal process was observed in the region
between the glass transition and the melting temperature. The position of this thermal
process is related to the annealing temperature. The model of the process was pro-
posed as a simultaneous partial melting and recrystallization. The shape of the
heating curve depends on the rate of both processes.

INTRODUCTION

A number of authors have been engaged in the thermal analysis of poly-
(ethylene terephthalate) (PET). Recently, a paper was published by Berndt and
Bossmann®. In the case of an unoriented amorphous PET either a step or a pea1$ is
observed in the region of a glass transition on the DSC curve, then. an outstanding
peak of a cold crystallization and either a simple or multiple meltl.ng peak. When
measuring a crystalline sample, a peak of another tl:1erma1 process is t?bserved a.nd
its position depends on both the temperature zmd3 El;ﬂe of crystalhzat.wn to whllch
the sample was exposed before DTA scanning’ . However, the interpretation

: : 3-5
of this is not uniform. According to some authors there is an endothermic process™  ~,
whereas according to others the process 15 exot

hermic® 7. However, one group of
investigators do not attach any weight to

this process although it is perceptible on
the heating curve?. Generally, the process has a relatively small thermal effect.
The aim of the present study was to

decide if the above process Was exothermic
and if so under what conditions an endoth

ermic peak might be produced. According
0 our hypothesis this process is caused by a recry

stallization (or by a partial melting
i ich it was possible
and a subsequent crystallization) SO samples were selec;ﬁallnp;\:les p
0 assume that there was a different rate for both these P

ses. Some results
10
- 1 [ i er .
of this work have already been published 1n a preliminary pap

Lc
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TABLE 1
SOME PROPERTIES OF THE SAMPLES
_—____-_-_-h"““
irefri RT.G
; ) Birefringence T.G. -
R {ﬁ;j i crystallinity (g cmf;}"
_-__‘—___'""‘-
0.0048 0 i
38.4
; 21.8 0.1673 0 13473
e
EXPERIMENTAL
Materials

An undrawn PET yarn having the intrinsic viscosity 72.2 ml g™ (measureg
in a mixture of phenol/tetrachlorethane 1:3 at 30°C) was uﬁed fi or measuring on DSC,
The fibre was selected from the routine production. Using this material, another
sample was prepared by drawing this undrawn yarn on the Instron dynamometer
(deformation rate 100 mm min™ ', test length 40 mm). During the deformation, a
neck arose on the fibre and the deformation was increasing to the natural draw ratio
value (i.e. to the disappearance of the neck). The amorphous highly drawn oriented
fibre was thus prepared. The amorphous character of these fibre samples was checked

A . by using wide and small angle X-ray techniques. The properties of the samples are
listed in Table 1. Both the fibre diameter and the birefringence were measured by a
microscope, the birefringence was measured by means of a Berek$ compensator.

Methods

Annealing of samples. Both samples were annealed for 10, 10? and 10° min at
90, 130, 180 and 220°C, respectively, in a nitrogen atmosphere. In order to prevent
undesirable deformation of crystallized samples, they were formed, before annealing,
to the shape required for DSC and density gradient column measurement.
' Density measurements. The density measurements were carried out by using 2
density gradient column in a n-heptane/CCl, system at 30°C, the stated values are
the averages of five samples.

! ?‘hermal afnalysis. The thermal analysis was carried out on the Differentid
canning Calorimeter DSC-1B (Perkin-Elmer). In most cases a scanning rate of

16 K min~! '
min = was used during the measurements. Each measurement was repeated
three times. The character of the

especially with regard to the sha
10 mg, the measurement range

partial thermal processes was well reproduciblé,

pe and position of the peaks. The polymer sample W&
was 33.5 x 1076 J sec™ !,

RESULTS AND DISCUSSION
The density changes

T'he results obtaj h n
tal . -
ned show the difference in behaviour between the ori¢ ted

B ——

arGr
v

ALY,

(SAT R

T

BE &
!

P}




142 o
= Rty
g RSl
Q40 T R 5 |
(L] o— —0r s
_______ - -0
‘)- m - 8: ----- st e s
1 0—--m-m--" B -
w
=
S136
»
134
¥ 10 1000
TIME , MIN

Fig. 1. The density changes of an oriented (@) and i

S : uno .
anngalmg time at various temperatures: 90°C ( )1:13111;3(3 éo(ziE_’I_‘)sarﬁ%l? éle(pcndmg on the
220°C (———). The densities of the original samples are also plotted. —.—.—) and
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Fig. 2. The DSC trace of an original unoriented (1) and oriented (2) PET sample.
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: |
e 1 has some initial orientation, but this orientatiop
eating above T, (e.g., see ref. 11). The results of

: in Fig. 1. The different crystallization rates of the
de-ns;ty meacslurem:izgsteaéepggf}ttigvleﬂbeen described®. At the annealing temperature
gglfgte: }?ingheurngensity of sample 2 is affected by -itS greater orientation. A.n out-
stand}ng crystallization of an unoriented samp‘le_ will take place after anneahng for
103 min. After annealing at 130°C, the densities of }-:)oth samples are practically
the same. Only when the samples were annealed z.it higher temperatures (.170 and
220°C), did the greater crystallization rate of an oriented sample become evident.

and unoriented samples. Sampl
immediately disappears after h

L=

«

‘(':i.

¥ LE
< &

VERPE RAT Uy

=
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The thermal behaviour 4 . : L—
The heating curves of samples 1 and 2 are plotted in Fig. 2. Whilst a glass

transition temperature T, of an unoriented sample was as high as 82°C and the cold
crystallization peak arose at 132°C, the heating curve of sample 2 shows a quite
unrepresentative course. The intense bending of a curve toward an exotherm at
67°C is evidently due to a partial disorientation (retraction) due to an increased 0 (=em
mobility of chains. As the cold crystallization takes place at 76°C, having the maxi-
mum at 97°C, it is to be thought that for an oriented amorphous sample T, is
decreased. A lower temperature of a cold crystallization peak corresponds to a higher |
crystallization rate of an oriented polymer*®. e

The differences in the shape of the melting peak of both the samples are quite
characteristic. Such differences were to be observed after all kinds of annealing, up
to 220°C (see also Fig. 3). As for the unoriented sample, the peak melting double
had a maximum at 7, = 248-249°C and 7,,, = 251-253°C. The single melting peak
of oriented samples had a maximum at temperature 7,, = 251-252°C and, evidently,
this peak is to be identified with peak T, of the unoriented sample. Such a variation
in behaviour of both types of fibre samples can be explained as being due to the ~ “Flanzg
influence of the different recrystallization rate during the heating on DSC. When a
measuring unoriented samples, the double melting peak is evidently due to the lower
crystallization rate. Thus T, corresponds to a melting of imperfect crystals originat
ing atl lower temperatures. This fact was confirmed by measurements made using d
scanning rates of only 1 or 2 K min~!, respectively. Under such conditions only = e gf e

one melltmg peak appeared and its position corresponded to temperature T, OF Tm
respectively. .

! In Fig. 3 the re‘fated parts of various samples are plotted, the samples having p
een annealed at various temperatures for various times. Some further thermal '

rocess i d 1 i
process is obserw?d in the region between the glass transition and meltine temperatures.
In this paper this process is called 3

R Sl the secondary transition” and its position i R
bl ”s-d “Shor the .therma? analysis of synthetic fibres, this temperature is [
alled “'the effective setting temperature”. As shown in Fig. 3, the shape

of a DSC curve in ' - ;
e g the[ftle region of 7, varies according to fibre orientation and annealiné
be COmpar’c(i -With fmperature and time of annealing. The shape of the curve 0
a step” i B v e At Y : ¥ :

P~ and is characteristic of a second order transition- I°

|
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Fig_ 4. The relation between the start of a secondary transition (%) of an oriented (@) and un-
oriented (O) sample and the annealing time at various temperatures: 90°C ( T ) 3
170°C (—+—-—) and 220°C (———).

contrast to 7, there is a bending in the direction of an exotherm. Another typical
form of the curve is an exothermic peak. In Fig. 4, T, is plotted as a function of time
and the temperature of annealing. The influence of a molecular orientation is also
visible in this figure. In the case of an unoriented sample it is not possible to read
the temperature 7, after annealing at 90 °C because the heating curve of such a sample
is similar to that of an original amorphous sample (see Fig. 2, curve 1). As for the
influence of annealing conditions on this secondary transition, the results can be
summarized as follows.

(a) The temperature 7, depends above all on the annealing temperature.

(b) T, is slightly increased by an increase in annealing time.

(c) The T, value is always greater for an oriented sample.

(d) The endothermic peak of a secondary transition is a typical form of a DSC
trace of samples under the conditions of higher temperatures and longer annealing
times. ‘ .

(e) The peak is observed more frequently when measuring unoriented samples.

(f) “The step”, which is the region of a secondary transition, is observed in

the case of less crystalline samples (lower temperature and shorter time). It is observed

more frequently when measuring oriented samples. " e .
According to some authors, the secondary transition process Is ‘U‘f _tO 516 partia
" 5 Other authors prefer a recrystallization® or an
: .
. , source of this phenomenon.
exothermic molecular relaxation of a polymer” as the P

Holdsworth and Turner-Jones® assume that a recrystallization takes place over the

region. Brendt and Bossmann' supposed that both_processes, l.e. the
3 | melting, take place simultaneously. At

melting?® * or a cohesive force

whole heatin

recrystallization together with the partia
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model of a secondary transition of a PET samgle i e E el
partial melting of imperfect crystals. The result-
“peak and step” (B), or “a peak™ (C).

Fig. 5. A probable BtEn
annealed. ¢, Crystallization and recrystalllgatlon, m, ‘
ing central heating curve is then shaped like “a step (A), a

the higher heating rate, the partial melting outruns the recrystallization and thus

an endothermic peak will occur.
From our results, we proposed a model of the stated process. At the same

temperature, we suppose the synchroneous initiation of both processes, i.e. partial
melting and recrystallization. The difference in shape of a heating curve is only a
result of different forms of the DSC traces and also different intensities of both
elementary processes. The three possible events are shown in Fig. 5.

(A) The crystallization rate is greater than the partial melting rate in the
whole range of a process. The resulting DSC curve is step-shaped in an exotherm
direction. This is so in the case of a low partial melting rate of samples of poor
crystallinity or of a large crystallization rate of an oriented sample.

(B) In the first step of a process, the recrystallization rate is less than the
partial melting rate but it will reach a greater intensity later. In such cases, the
resulting heating curve has a “peak and a step”. In fact, it is a continuous change
between both variants A and C.

(C) The crystallization rate is smaller than the partial melting rate. The
resulting trace of the thermal process has an endothermic peak. Such a course is
typical for a more stable crystalline structure, especially for unoriented samples with
a poor recrystallization rate.

’ Furthermore, one other conclusion can be made from the results of this work.
I\gmely, the crystallization rate of an oriented sample is higher than in the un-
oriented state. A numb.er of authors® 2~ 1% studied the relations between orientation
and tf‘1e rate ofcrystalh‘zaltion. The crystallization rate of a highly oriented amorphous
f’hi-rolrsie;izig;g};fa;i; 1;;::3;;32 llljrttf) .Ol;dinary vaiue; of about 10*. For Ensr:mc.e.
S e tt?encnbence' 0-0_3 (in contrast to arj._amsotroprc

rystallization half-time from 660 sec down

to values lower than 0.01 sec'*. Above all, the influence af <. S el coy
Bl e i el e i : xcr?uc of sgah an Ol‘an[IlUOI’l.Liln
2 Induction period. This is also evident from

our res Ideri ' '
: ults w)hen cons.rdermg the increasing density of an oriented and unoriented
sample at 90°C (see Fig. 1). Even the influence

o = of the orientatio » increase of
a recrystallization rate is visible from the tlon on the incre

S€ results (see, for instance, the density

L
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differences, T value, etc.),

differ by four numerical orders. It is also difficult
tion on the rate of a rearrangement of a cr

means that.either the stability of formed crystals js affected b i i '

a surrounding amorphous structure and then the oriented amiraff1 lnte;acu?n w:%h
accelerate rearrangement of a crystalline structure already fOrmedpofus raction will
of imperfect crystals arise during the oriented crystallization an(,:l th:sfrsi;sl:;:lzz Y

able to rearrange -th:'I.ISE-tlves at higher temperatures. From these results. it is ver
difficult to determine which of these hypotheses is acceptable ’ g

Fo explain the influence of orienta- :
ystalline structure once it is formed. It i
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The same thermal process close. to the melting point, T, is observed
during DSC or DTA scans of semicrystalline poly(ethylene terephthalate)
(PET) after it has been annealed under isothermal conditions. The position
of the process on the DSC curve depends on the prior annealing of the
sample. It has been observed by many authors [1—6], but its interpretation
has not been agreed and is ambiguous. It is possible to use the position of
this process on the DSC curve to specify the so-called “effective setting tem-
perature’” of the fibres [7]. The process is not associated with the oriented
polymer structure only; it also occurs in the unoriented polymer [8]. The
process is ‘‘the secondary transition”, T, and the shape of a DSC curve has
the form of an exothermic step or an endothermic peak (Fig. 1). It is sug-
gested that the process is the result of two simultaneous processes, viz. par-
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i7ati i . The shape of the DSC
i i d recrystallization (Fig- 2) ; : SC curve
1:11&1 rr;;eslt;r;gt;él rasfo rgf the two processes. The aim of this paper is to com.
epeléhe behaviour of PET and polyamide-6 (PA) from the point of view of
pare The influence of orientation, annealing i,

ch a “secondary transition’’ e . :
i:later and a combined annealing (boiling water and dry air at higher temper,.

ture) have been examined.

EXPERIMENTAL

Materials

Undrawn PA and PET fibres were used. They were routine production
fibres with relative viscosities of 1.82 for PET and 1.56 for PA measured ina
1 : 3 phenol—tetrachlorethane solvent mixture. The oriented sample was pre.
pared by drawing fibres using an Instron dynamometer. The test length
was 40 mm and the deformation rate was as high as 100 mm min™. In such
a deformation of fibres, the neck was formed and the orientation took place
locally until drawing of the total sample was complete. Under such condi-
tions, the drawn PET sample was completely amorphous as tested by X-ray
analysis. The PA sample was partially crystalline before drawing because
PA-6 is able to crystallise at room temperature. The birefringence of an
oriented PA sample was as high as 0.045 and that of the PET sample was
0.160.

The thermal treatment

Both the samples were annealed in a nitrogen atmosphere in an annealing
block at 90, 100, 130, 170 and 220°C (the last temperature for PET only),
and in boiling water (100°C). The sample of PA contained only 3% mono-
mer and before measuring it was kept over P,O: to remove moisture. Ther
mal treatment was carried out for 10, 10? and 10° min. In order to consider
the c>mf1u:=:nce of the combined annealing, the samples were annealed at
bl 19 min in hot air or boiling water and then annealed at 110, 130,
150 and 170°C in a N, atmosphere for 10, 10? and 103 min.

Density measurements
The density determinations we

column with the mixture n-he
toluene—carbon tetrachloride for

re carried out by using a density gradient
p;tane—carbon tetrachloride for PET 3“@
: A. All the stated values are an average 0f 9
Sziaslilte: ;efsﬁltes. The fraction of crystals, 8, was calculated assuming that the
: amorphous polymer is 1335 and 1084 kg m - and that of the

ymer is 1460 and 1230 for PET or PA, respectively.

DSC measurements

DSC measurem
ning calorimeter EF;;eTe[gggerfom]Ed with a pi‘rkin-Elmur diffE‘I’E’ﬂtial scan-
J'lB. A h[?:lting rate of 16 K n]“'l_l was .;hOSl‘ﬂ
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and every measurement was

oll points of the thermal process Was obtained, A
was used at a calorimetric sensitivity of 33.5 x iO'ﬁs
ead on the DSC thermogram either as the ﬁosition
case of ““step”, or as the position of an endothermic g

good reproducibility at

ample weight of 10 mg
487", The T, value was
fa curve flexure, in the
eak maximum,

RESULTS AND DISCUSSION

The r{?lathn between'Ts and temperature, _TA, and time, ¢t ,, of annealing is
plotted in Fig. 3 for oriented PET and PA fibres, [t is very interesting that
the T value seems to be almost the same for both polymers if the sameg thei-
mal treatment conditions have been used. The plots of T, vs. ¢, have almost
the same slope at all the annealing temperatures used for bsoth PT& and PET

When annealed in water, the polymers show a very different behavim;r.
While in the case of a polyester, an increase in T of about 16 K occurs after
annealing for the arbitrary time range studied [see Fig. 3 (a)], in the case of
polyamide-6, the secondary transition does not occur at all after annealing
in water at temperatures up to the melting temperature. In the case of PET,
the increase in T of about 16 K was also noted when samples had been
annealed in water at 110°C or 130°C under pressure.

Even when the thermal treatment is the same, we obtain different values
of T; and also a different shape of thermogram for the oriented and the
unoriented samples. The values of 7, are always lower in the case of an
unoriented sample. As has been stated [8] and can be seen from Fig. 1, the
DSC curve of an oriented sample has a characteristic shape of exothermic
step. This fact is connected with the greater rate of an exothermic recrystalli-

zation in an oriented state [8].
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Based on the reported results, it is possible to derive the equation :':_.r,-,:f.a;
T,=0.986 Ty * 6.46 logta + Ko+ Kg -T-I:{_ o5t

where K, is connected with the sample orientation (w_ith a value of zerg foy _,3._:‘.:,3:_
an unoriented sample, increasing in such a manner thz?.t it can have an average  The
value of 5K for a highly oriented sample) z}nd Kg is a constant connected o de
with the annealing medium (for dry air, Kg is 6.92 K and forl water 23 K ip
the case of PET). This equation is true for the DSC-1B calorimeter and for ;.;:&".”-E'j
a rate of 16 K min™" only. : S et of

In order to'find the permanent effect of an annealing treatment (in boiling 40c0
water) on the DSC behaviour of PA and PET, the samples were exposed to a \:,’U‘ft_'ﬁ:‘

combined annealing in two stages: (a) annealing in water or air at 100°C for Fores. |
10 min, and (b) subsequent annealing in air at 110, 130, 150 and 170°C. The 44
measured T value of the annealed samples are shown in Fig. 3. It can be seen :‘c.'-ecu'

that the influence of subsequent thermal treatment at 110°C for 10 and 100
min is less marked than the initial influence of annealing in boiling water for .
PET fibres only. In the case of PA, the secondary transition does not appear t
after thermal treatment in boiling water [see Fig. 3(b)] nor after subsequent
annealing in hot air at 110 and 130°C. The behaviour of samples of PA and
PET becomes analogous only if the subsequent thermal treatment has been
carried out at 150°C in N, atmosphere. In this case, the effects of previous
thermal treatments do not manifest themselves. But the densities of samples o
do not correspond to a thermal behaviour (Fig. 4). While the density of an possiA
oriented sample of PET after a previous annealing treatment in boiling water | % U
has an even lower value (disorientation), the density of PA increases | &I
markedly during annealing in boiling water and only slowly during sub- | Way, |
sequent treatment in N,. B

We reached a conclusion in our previous paper [8] that the secondary
transition is the result of two processes which depend on time and tempera- therm

= :(‘

0 130 150 170
Tl

Fig. 4. The influence of annealin
Tl saling temperat in a N .
crystallinity (8) in samples of PET (0. ._}pa;; ;.I"f(‘{__luu min in a N, atmosphere) on the

air (O, &) or in water, (® 4A) at 100°C , 4) having been annealed previously IP

: { for 10 min. The Ccrvs Bt ol R . -rth
previous ‘anneulmg only are indicated by arrows, The P e Rt
for 10 min had a crystallinity of 8%, _

—'——-‘

ET sample annealed in air at 100°¢



. . an end . :
ecrystallization occurs oAk othermic melting peak shape, the

. R over the WhOle DSC heati mol.%
Thg resulting shape of the secondary transition DSC i ng range [9]. o
ratio of these two processes. epends on the s
The structural intepretation was alo attemped by Oswald et al. 6 :
who de51gnateq t_hIS trgnSItlon as the middle endotherm peak (\IEP). and] :}1
assumed that its inception was a result of melting of nuclei in the highly S¥Ly

strained oriented amorphous domains whic
ment of a fibre or film. ¥

Acco;dm.g 50 H.olfeld a.nd. Shepard [10], the influence of water on PA pEi-
properties is considered similar to an influence of a carrier on polyester L
fibres. That 1s to say, the cha1n§ are removed, the physical bonds are broken
and a better passage of dyestuff is enabled in such a way. The bonds between
molecules of water and PA chains are formed [10]. This bound water is
removed oply by annealing at 150°C. It should follow that, by a thermal
treatment in boiling water, nuclei of an amorphous region of a fibre would
be impaired according to the structural idea of Oswald et al. [6]. This is why
it is not possible to find the secondary transition (7 or MEP). One observa-
tion is not in Keeping with this idea, viz. that the inception of T (or MEP) is
not confined to an oriented structure but also occurs in an unoriented state
but it follows from this and also from the preceding papers [8]. It is also
possible to explain the DSC behaviour of PA-6 after annealing in water
by using our model. After boiling in water, the highly crystalline structure
corresponding to a thermal treatment in air at 200°C is formed. In such a
way, partial melting is practically prevented during heating, and limited
recrystallization takes place from room temperature due to the hydration
bonds. Indeed, the density of a sample annealed in boiling water and then
thermally treated in a N, atmosphere increases continuously (see Fig. 4).
Clarification of all the structural changes taking place during the secondary nol.!
transition will require further investigation.

h persist after the thermal treat-

te-
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il . R . dped B St Jonosenulz, R, Cor Encyclopedia Polymer Sei I
olein — vinylchlorid — 775 = Wil gt echtal. 2180 ’
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w ; zavis na obsahu akroleinu ve vzniklém L‘“&;’-—S,Veaew,x..—puxwmh SNTL, Praha (1953), str. 90, — eplo
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Stanoveni rovnovizné teploty tini a skelného prech i
y a skeln€ho prechodu
u polyesterovych vliken :
¥
. JiF Vaniéek, Fol 5
Chemopetrol — k. p., Silon, Pland nad LuZnici 35 O
Redakei dodlo 15. 8. 1974 B77.494.674
878.01:539
o
A uf.o’r studoval pom?c_{ diferencidiniho kalori-  tu tdni (T2). P# stanoveni T° vychézime z Floryho teorie f
metru fyzikdlné chemicke viastnosti polyesterowjch sdnl ol i) e nh ; p
vidken : rovnovdinou teplotou tdni a skelny prechod i }:E'ncru - Tako feacis Je.ToxECaCowing v pracol
u nedlouenyjch vidken. Fischera®), Mendelkerna') a Wunderlicha®). Z teorie ply-
ne, Ze rovnovdZnou teplotu téni Ize stanovit ze zdvislosti
bodu tdni na reciproké hodnoté dlouhé periody 1/L pro
Uvod L — =, Vzhledem k tomu, %e uréité krystalizaéni teplo-
- o o 3 B td odpovidd uréitd dlouhd perioda, Ize rovmovdinou
Vyznam termicke analyzy v polymerni chemii je pfe- teplotu téni stanovit také ze zavislosti bodu téni na te-
devsqn_ v_kva}htatlvmm posouzeni rozdili termického  ploté krystalizace (T.). Potom plati pro pruseéik této
chovdni mzﬂnl_\'ch pu!}'mer_u. Tvar termogramu je ovliv-  zdvislosti s pfimkou T'p = T, 2o T = e
nén fadou faktorn, jako je tvar a velikost vzorku, roz. Pfistanoveni T jsme postupovali tak, Ze jsme vlikno
loZeni vzorku v méfici cele, velikost styéné plochy mezi 2] . S ) = s
vzorkem a ohfevnym elementem atd. Ddle jsou to pod- Elﬂ x 1.0 Empur. ?n '%? v o p.ak. prutiel:e ,thlad'éh bna.
minky méfeni, tedy rychlost ohfevu nebo chlazeni vzor- kté- S;a gﬂon'l'd;{es gl?'msc.s}. ke ‘IIVZ i pot ?. s
ku, zvolend citlivost pfistroje, priitok plyni v okoli N GBI s LEEAT POLOCSS L krystaliza-
méfici cely apod. Uplatiuje se i tepelnd historie vzorku ge. Vzhledem k tomu, 28 byly sledoviuy i kopolymery,
S e e ' kde nejsou znémy ani priblizné hodnoty poloéasu krysta-
jeho poéateéni struktura. : 4 : St
Presto viak lze za uréitych okolnosti tyto vlivy elimi- lizace, bylo post,u_povalfwk;:k- i lcr;,st'a‘hzg,c_e o
novat a dosdhnout reprraukovvein»‘ch'a kvantitativ- idhad?m% = 'ftﬁ'lo;b d 6“?;5;‘3319 usporada.mt by[g
: - e gl ot ey e S . ontrolovdna tak, Ze doba Lkrystalizace se postupn
nich vysledkd vhodnych pro posouzeni fyziklné che-  progluzovala o 1 a% 2 hodiny. Pokud s nelisila hodnota
mickych vlastnosti 120‘-‘}?’“‘1‘ 8 vidxen. Lilem teto prace 4,4y, téni pA dvou nésledujicich fasech temperace pfi
je ukdzat nékteré takové aplikace. rychlosti méfeni 64 K/min, byla tato doba krystalizace
povaZovidna za dostateénou.
Pokusnd fdst Pro kazdou krystalizaéni teplotu byla stanovena zé-
vislost bodu tdni na rychlosti ohfevu (po korekei na te-
Pro viechna méfeni jsme pouzivali diferencidlni kalo- pelnou setrva¢nost pfi riznych rychlostech ohfevu).
rimetr DSC-1B (Perkin-Elmer Corporation) a méfili Byla 3estrf}]en]ﬂ. zdvislost log Tp na rychlosti ohfevu
béind provozni vldkna. Pfed méfenim jsme vldkno [podle Strelly®) 4 P : n
dvakrdt vyprali v metanolu, aby se odstranila povrcho- Jak plyne z obrdzku 1, obecné ma B zdvislost mini-
vé preoaréce, Vldkna jsme nechali oschnout za labora- mum. Vzrist bodu téni za nizkych ry chlosti ohfevu je
torni teploty a nastithali jsme z nich kousky 1 a2 2 mm  zfejmé disledkem rekrystalizace, vzrust za vysokych ol.*
dlouhé. Vzorky o hmum.‘)s'l 10 ~ 0,1 mg jsme vloZili rychlosti ohre\;’u_aou\'_ml st g e E:Etm"
do netlakovveh hlinikovveh panvicek 3 vickem. Prutok  polaci prave Gasti za.vglo_stl na nulovou r;:chloan. opravp
dusiku byl 15 ml/min. Citlivost pfistroje byla 33,5 uJ.  byla ziskdna teplota tani polymeru pro danou krystali-
s [8 goal.s-1]. Citlivost zapisovale byla volena zaéni teplotu. Na obrdzku 2 je uvedena 2‘3"‘510“ takto
. . J* =7 vo <8P0 VaLt £, . . - B . -
PC"J‘J'; r:‘}iuruk:.»:;"l a tepelného zabarveni sledovaného ext-’ﬂp"’")"an}"-'h bodi téni na krystalizaéni teploté.
procesu. Pokud v textu neni uvedeno jinak, méfili jsme
pfi rychlosti 16 K/min. Pomérné vysoka rj.'::hloﬂ_t_ méfe- f
ni je volena ve snaze zkrdtit éas jednotlivych méreni na 3 1

minimum,
Yysledky a diskuse

R'j"?!’JT.‘fffnri EP'pfﬁf-rJ', M‘:ni

Téni krystalickych polymert neprobiha pii definova-
né teplots, ale v urditém teplotnim intervalu a i?‘“:
1bé] 4 1 4 ' - gy PG t r
i v priubéhu vlastniho tdni dochdzi k rekrystalizaci, xte
- tvar tavného piku. Casto

ovliviiuje vysle u hodnotu 1 { i
) fiuje vyslednou hodno t4nild). Bod téni je

I bo
88 vyskytuje i vicendsobny bod (
ovlivnén i poédteén; strukturou vidkna. Lze nupr.‘p?:_rol
> z ik je v ert
rovat, e bod tdni nedlouzeného vldkna je v prum .
33 3 1 3 v : « V-
0 deset stupht vyddi nez bod tdni téhoz vidkna po V¥
'“'-”"/v“l"ll na '1'r'|'|rl|fl"lrl\r"_rl|,_ :
Ci v vylouédit viiv nadmolekuldrt :
3 rovnovdinou teplo-

drmi struktu-

t

ry polymeru, je nutno stanovit tzv.

fen

._j_:‘.[[”._:;_;][ [
&
=T
(1]

-__G_._--—l-'-""
- e e e
205 w» 22 M

— rychiost onfery JX min™']

Obr. 1. Zdvislost bodu kli_m' f]:'_u) .:',:or;rlmg;‘:,’;y ’r”"'l.'f’“(f“-'-ﬂ-
vaneho prJu"-:err_,a:'rj.vnte.-nfta_m:z_; pfa r't.t..‘.ﬂy’i.‘l krystalizacnich
teplotach sl na rychlosty ohrevu. Extrapolace 454
na nulovou rychlost olirevu
1-242°C; 2 - 271,8 °C; 3 - 218,8 °C; 4 - 207,5 °C

e




Inuvent ropnovazne {e,u:u:g.u.“-__ =
e u Dofyesferuug.-'ch vldken

424

Tabulka I

Hodnoty rovnovdiné teploty tdni kopolyestert
(PET + kyselina 5-gulfcizottalovd)

| D
vzorek IR g R R 4
el -sulfoizofta- I | - 2.0
iyseizn 5 e | oo | e | me | o
DEG [ % mol.] 0 it L L
e TR
Q
ﬁg;éud hodnota T'p S 2780 078.0 273,53

korigovand hodnota

! 282,8 283.8

TS (°C)

V tabulce I je uvedena hodnota e stdnox‘fné lpro

ékoli ¥ I ranych : L. kyseliny
nékolik kopolyestert modifikovanych 2 9% mol. k I
5-sulfoizoﬁ?alové. V polymeru je pfitomno takeé {:rrélté
mnozstvi dietylénglykolovych jednotek (DEG). V po-
slednim fddku tabulky I je uvedena hodno.t,a I, kl?n-
gované na depresi bodu téni viivem ::nodloﬁkovan}(ph
monomernich jednotek za pfedpokladu, ze 1 % mol. mo-
difikovanych monomernich jednotek sniZi bod téni
a1.2°C.

200 220 260 260

— Tz 0]

Obr, 2. Uréeni rovnovdiné teploty tini (T2 ) ze zdvislosti
T proti T.. Rovnovdind teplota tdni se uréi = prusediku
této zdvislosti s primkou Ty = T

Lze tedy usuzovat, Ze rovnoviaind teplota tini éistého
solyetyléntereftalatu (PET) by byla asi 283 °C. Zjisténé
10dnoty jsou v dobrém souhlasu s vysledky Wlochowicze
+ Przigockého?), ktefi na béZiném PET (bez uddni obsahu
JEG) namérili extrapolaci zavislosti Ty na 1/L hodno-
u 7'y = 278 £ 2°C. V této prédci uvedené vysledky
wwly nameéfeny v nasi laboratori jiz v roce 1972 °).

tanoveni skelného prechodu u nedlouienych vldken

Skelny pfechod se projevuje na termogramu jako zvy-
:ni tepelné kapacity polymeru v disledku uvolnéni
rawnova pohybu molekul. V zavislosti na tepelné his-
irli se mize v oblasti skelného prechodu objevit endo-
rmicky pik, jehoZ interpretace neni dosud jednotn4,
ipE.1%41). O tom, jak se na termogramu muze projevit

1/
| { vrehol

chyd [ | A
4 f nenorigorang f2piola —9
) l/ o

—_— yrrist tenioty

= eadolerm

83 ,Pr_ribe'h ?d‘akginé'ni amorfniho vldkna PET po
lazeni rychlosti 4 K/min a phi nasledujicim ohfivdnd
rychlosti 16 K|min

{Fmogramu je uveden zpisob vyhodnoceni polohy
plku a .
lohy ohybu v oblastl akelného plechodu &

1 G AAEEIGEIAY P SR

]
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/

‘
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Obr. 4. Zavislost teploty skelneho p?ec_hcdg; [T day
tini (Tw) na obsahu dietylénglykolovyjch gedno:ek v ::12’?3
: polyetylentereftaldtu €y

tepelna historie amorfniho PET vlikna, jsme JiZ refe.
rovali diive'?).

Pro sledovéni skelného pfechodu bylo pouzivgp,
amorfni nedlouzené vlikno, které vykazovalo dvojlom
fadu 10-*. PFi temperact vldkna v blizkosti T'; se obje.
vuje na termogramu endotermicky pik, ktery je tim vy.
raznéjdi, &im delSi byla doba tepelné expozice. Pik gq
vyvtvari i v pripads, Ze vldkno zahfejeme na 80 °C 5 pak
ochlazujeme definovanou rychlosti. Cim pomalejii je
nasledujici ochlazovdni vldkna zpét na laboratorni tef,).
lotu, tim vyraznéjsi je endotermicky pik pfi nasledujicim
ohfevu. Velikost piku je zdvisld také na rychlosti ghfe.
vu. Obecnd se da Fici, Ze endotermicky pik v oblasti
skelného pfechodu je tim vyraznéjsi, éim pomalejsi je
rvchlost chlazeni a &im vétsi je nasledujici rychlost
ohfevu. Je-li rychlost chlazeni vét3i ne: ndsledujici
rvchlost ohfevu, endotermicky pik v oblasti skelného
pfechodu se neobjevi. R RDkn:

Abvchom eliminovali vliv tepelné historie vldkna,
béiné mefime skelny prechod tak, Ze vldkno zahfejeme
na 80 °C a pak ochlazujeme rychlosti 4 K/min. Po ochla-
zeni na laboratorni teplotu méfime skelny pfechod pfi
rychlosti 16 K/min. Zpisob hodnoceni termogramu je
patrny z obrdzku 3. Hodnotime polochu maxima endo-
termického piku na teplotni stupnici. Poloha tohoto
vreholu méd daleko nejvétsi reprodukovatelnost v porov-
ndni s ostatnimi charakteristickymi body na termogra-
mu. Timto zpusobem lze uréit skelny pfechod s pfesnosti
0,2 °C. Ziskand hodnota nezavisi na stafi vldkna ani na
jeho orientaci (dvojlom vldkna se ménil v intervalu 2 aZ
8-10=%s

Méfeni 7'; je vhodné pfedevsim k relativnimu srovnd-
ni polvmerd s riznymTobsahem modifikaéni sloZky.
Zjisténé hodnoty T jsou ponékud vyssi, neZ je tomu
pri stanoveni 7T, jinymi metodami (kolem 80 °C). Jestli-
ze viak extrapolujeme takto zjiSténé hodnoty na nulo-
vou rychlost ohfevu a nulovou navdZku vzorku, a uvaii-
me, ze prumérné vzddlenost mezi polohou piku a ohy-
bem na kfivce, ktery je &astdji povaZovan za skelny
prechod, je 6,0 °C, pak takto korigovand hodnota skel-
ného pfechodu je srovnatelnd s vysledky jinych metod
(kolem 635 az 70 °C).

Na obrdazku 4 je vynesena zavislost teploty skelného
pfechodu (7%) na obsahu DEG v PET. Pro uplnost je

uvedena v grafu také zdavislost bodu tani (Tg) na obsahu
DEG. (Bod tani byl stanoven u vldkna po pretaveni pl
290 °C po 10 minut a po definovaném chlazeni a krysts-
li?-acx pri rychlosti 16 K/min.) Srovndni smérnice obou
zavislosti a reprodukovatelnosti obou méfeni ukazuje,
Ze pfesnost stanoveni DEG z hodnoty T, je asi dvakrat
aZ tfikrat pfesnéjsi nei z hodnoty Ty a je srovnatelns
S presnosti dosaZenou pomoci plynové chromatografie.
Pritom stanoveni trva 20 minut a se stejnym vzorkem
lze méteni nékolikrat opakovat, zatimeo u plynové chro-
matografie je vysledek zndm a% za nékolik hodin.
Z obrazku 4 plyne, Ze pri nulovém obsahu DEG by mél
P.E.T T'; = 86 °C. Po korekei na nulovou rychlost a na-
:'g.r,}::.l a po korekei na vzddlenost piku a nli}"ﬂl.i je to asi
i -

Zivir
\/i pract je uveden zplusob stanoveni rovnoviiné
teploty tini vlikna z polyetyléntereftalitu a modift-
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svaného po]_\'esteru‘?,'e vz:ivis'log.ti teploty krystalizace
teploty tani. Bylo zjisténo, Ze )_edno mol:irn_i procento
odifikovanych monomerz}lc’h ]gdnotek sniZuje hod-
otu rovnovazné teplot}: tini asi o .1'2 °C. Cisty poly-
vléntereftalit by mél - rnvnova.znou’ teplotu asi
3 °C. Déle je uveden zvpus‘ob stanoveni teploty skel.
¢ého prechodu u nedlou'zenehipglyestermtého vldkna
yysokou presnosti, coZ umoZiiuje stanovit obsah dj.
lénglykolovych jedno?ek v i-e;tézci‘ 8 presnosti,
terd je srovnatelnd s vysledky ziskanymi plynovou
hromatografii.

gznam symbohi

— dlouhd perioda sklddanych krystala
 — bod tdnli
e rovnova2nd teplota tdpi
'm — teplota krystalizace
(-]

T,‘ — teplota skelného plechodu
DSC — dlfcrr’nci_iilnl snimaef kalorimetrie
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DIFFERENT POLYESTERS
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ABSTRACT

The course of a randomization process in the melt of poly(ethylene terephthal-
ate) and other polyesters during melt-blending was observed by determining changes
in T,, T, and T, measured by DSC. The melting point of isothermic annealed co-
polyesters is the most advantageous criterion for determining the degree of randomi-
zation process. On the other hand, T, and T, are influenced by further processes
taking place during the melt-blending of two kinds of homopolyesters, e.g. the
changes of molecular mass and molecular mass distribution etc.

INTRODUCTION

The ester links of poly(ethylene terephthalate) (PET) formed during poly-
condensation are still reactive and the molecules of different sizes can continue to
react together in different ways. Ester interchange reactions also take place in the

melt of PET and other polyesters' ?

R,CO-OR, + R,0H = R,CO-OR; + R,0H
R,CO-OR, + R,COOH = R,;CO-OR; + R,COOH

Three types of interchange reactions are possible, but the concentration of the

end-groups is 400 times lower than that of ester groups for the :ljoity:;zetf'{r;as; ::OSE-'
Owing to these interchange reactions, block copolyesters forme a‘ion " auowegd 0
melt-blending undergo randomization. Whe‘n the mterct.lzngtel rclasVEth At i e
proceed to completion, random copolymer 1s produced identica

ion. The course of the
| by melt polycondensation.
from the corresponding monomers _ : _
1zati . . as followed by measunng the melting point of copoiyfesters
i r block? or by NMR ?). Most of these studies are

(by penetrometer®, by using a Kofle btain i
concerned with a modification of batig Ot-ons 0
fibre properties. Recommended concentrati

5 to 10 mole?%.

mprovements in certain textile PET
f modifying component are from
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ttempt to determine the course of the
t work, we have made an a : :
; Inl zt:gop:lre;:;lcess in the melt of PET and poly(ethylene isophthalate) (PEJ),
1'"2; an:;-dimethylpropylene terephthalate) (PNT) or poly(tetramethylene tere.
ght{lal;te) (PBT), respectively, observing the changes in 7, 7. and 7, measured by

DSC (Perkin-Elmer 1B).

EXPERIMENTAL

The above polyesters were prepared-by normal methods from the respective
dimethylesters of dicarboxylic acids and C_ll°15 using Mn(CH;CO0), .ancl Sb(C_Ha'
COO0), as catalysts and H,PO, as a stabilizer of the thermal degradation. A d.esuec[
amount of dried polyester chips was added to a PET melt after a polycondensation so
that the concentration of modifying component was 8 mole 7. The contents of the
reaction vessel were stirred under N, at 280°C and the samples taken in a form of a
quenched amorphous foil. It was possible to carry out the melt-blending reaction
under vacuum (113 Pa). The amount of the comonomer in the samples was checked
by IR spectroscopy (isophthalic acid) and gas chromatography (2,2-dimethyl-
propylene glycol and tetramethylene glycol) and it was 8 mole?%, (related to the
structural units) in all cases.

Specific viscosities of the samples taken during melt-blending were determined
in the phenol-tetrachlorethane (1: 3) mixture at 30°C, ¢ = 1 g/ 100 ml. The amount of
diethylene glycol (DEG) in PET ranged from 0.7 to 0.8 wt. %.

DSC measurements were carried out on a DSC-1B instrument (Perkin-Elmer).
The weight of polymer sample was 10 mg and the sensitivity of the measurement on
DSC was 33.4 mJ s~ ! full scale. The characteristic temperatures of transitions were
determined as follows.

Glass transition temperature, T, (ref. 4)

A sample in the quenched amorphous state was heated to 80°C at a heating
rate of 16 K/min, annealed for 1 min at this temperature to remove the effects of its
previous thermal history and then cooled at a rate of 4 K/min. After cooling to room
temperature, the sample was again heated to 80°C at a heating rate of 16 K/min. The
temperature of the maximum of the endothermic peak was read from the chart. This

value was extrapolated to zero heating rate and zero weight of sample. This procedure
ensures good reproducibility of the measurement.

Cold crystallization temperature, T, (ref. S)

An amorphous sample was heated to 160°C at a heating rate of 4 K/min. The
temperature of the maximum of an exothermic peak (T.) was read from the chart.

Melting point, T,

The melting point of the reactio

: n product after melt-blending was determined
after isothermal crystallization of a sa ok

mple at 200°C for 8 h under dry nitrogen. A rate
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of heating of 16 K/min was used for the measurement

o : of melting points. :
conditions, two, endpeiermcimelting. peals Ty 8nd T, aIJpegaEl3 on Sthglli:;:hflfz

ﬁnd the reason for the double melting peak, the sample was annealed for varying
times and was then scanned at various heating rates. The value of 7. at different
m

he:?ting rates was corrected for thermal delay on the basis of the shifts in melting
points of standard metals at different heating rates.

RESULTS AND DISCUSSION

» The ccfnsiderablc fall in 7, (Fig. 1) after the mixing of polyester melts is charac-
teristic of this system. As is evident, two separate T, values are not observed but the
addition of a polyester acts as a plasticizer. T, again increases as randomization
proceeds and it next reaches the value determined for the corresponding statistical
copolyester.

The temperature of cold crystallization, T, is the temperature of the maximum
of the exothermic peak of the crystallization of an amorphous sample. A value of T,
can be affected by many factors including the molecular mass of a polymer, the
orientation of molecules, the presence of nuclei of crystallization, the chemical and
structural type of the comonomer and its distribution along the polymer chain.
Generally, 7. increases with increasing value of molecular mass (1,,.) for a given
type of polymer?.

At the initial part of the reaction, T, decreases (Fig. 2), especially in the case of
melt-blending PET and PBT, due to the decrease of specific viscosity (Fig. 3) and the
higher rate of crystallization of PBT in comparison with PET. An increase of T at the
further stage of the melt-blending can be ascribed to the formation of a random

0 50 ~_ 120
[min]
change reaction between PET and diffe

y . Z inter
Fig. 1. Changes in Ty during e o8 . 4, PBT.
PE[ under Nz: 2, PEL under yacuum, 3 PNT,; 4,

rent polyesters 1,

mol.%
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Fig. 2. Changes in T¢ during the interchange reaction between PET and different polyesters. 1, PEI
ig. 2. .
under N2; 2, PEI under vacuum; 3, PNT; 4, PBT.

/]
Mspec

€0 120

[min].

Fig. 3. Changes of Mapec during the interchange reaction between PET and different pelyesters.
1, PEI under N,; 2, PEI under vacuum; 3, PNT; 4, PBT.

case of melt-blending PET and PEI under vacuum

can be attributed to the increase of spec dUE to a polycondensation reaction taking

place under these conditions



19

s T2 Tmi
_ Tm2 | mol.%
T 4 K/min T 8h S
i teplo-
- E do
2 16 K/mi e kny
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1 n L A i i A L L " " L 1 A 4
200 250 R 200 250 3 1
[ c] [c] L te-
Fig. 4. The effect of the heating rate and time of isothermal annealing at 200°C on the heating curve
random copoly(ethylene terephthalate/isophthalate) (92/8). (a) Annealing time 8 h; (b) heating rate
8 K/min.
230
rrn'l
el [
227
1,2
: 3
4
223 =
S IG‘O 120
[min] mol.°*

Fig. 5. Changes of Tmi during the interchange reaction between PET and different polyesters.

1, PEI under Ng; 2, PEI under vacuum, 3, PNT; 4, PBT.

:-ation® on melting point, Ty,
order to eliminate the influence of recrystallization™ On MEX re 0l,
was di?ermined after annealing at 2007 6581 },aner th:?seatcetoin?tllt:o:{’st:e::l e;? ztihe
dothermic melting peaks, Tmi and Ty We foVEL8 Iting, in order to
;wo oy d the annealing time at 200°C on the course of me flr:lng‘:.ﬂts e
i;:r:]tri]fg r;.tc yr of these endothermic peaks (Fig. 4). As the expt:lr; i meltiné
y the origin 4 narrower peak Tmi evidently correspon i _

mfc morclprfo?*;tzciiizzg annealing at 200°C. This assumption seems to be q

of crystals fo

nounced with increasing
. t T,,, becomes more pro :
Svemipbies rcspcct(t:o [ﬁ;e fa::t:l)lal andl that overheating becomes greater by using
200° 18

sC [Fig 4(a)]. The other peak, T2, €30 be ascribed to

ne

annealing time at
the higher heating rate o0 D
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260
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m2
[c]

250

24CF

60 120

[min]
Fig. 6. Changes of Tm2 under the same conditions used in Fig. 5.

(0]

the melting of crystals formed during heating a sample on DSC. The higher rate of
heating of a sample on DSC, the less perfect polymer crystals are formed during
heating. Owing to this phenomenon, the area of the T,,, peak and the value of T,,,
decrease [Fig. 4(a)]. The area of the 7,,, peak decreases with increasing time of
previous annealing at 200°C [Fig. 4(b) ] because the possibility of recrystallization is
reduced.

The changes in T, and T,,, were similar during melt-blending of PET and other
polyesters (Figs. 5 and 6). The melting point decreases during the reaction in agree-
ment with theoretic assumption until it reaches the value for a fully random co-
polyester with an identical thermal history. In the case of the melt-blending under
nitrogen, the specific viscosity of the reaction product decreases during the reaction.
In the other case (melt-blending under vacuum), the specific viscosity increases
during reaction due to the polycondensation reaction which takes place under these
conditions (Fig. 3). The changes of molecular mass (specific viscosity) during melt-
blending did not influence the course of the randomization reaction characterized by
the fall in T, and T,,,. This is in agreement with the theoretical expression for the
melting point of polymers’.

To summarize the results obtained, the melting point of isothermally annealed
copolyesters is the most advantageous criterion for determining the degree of the
randomization process. The melting point decreases during the reaction until it
reaches the value of a random copolyester with the same thermal history. On the
other hand, 7, and T, are influenced by further processes taking place during the
melt-blending of two kinds of homopolyesters, e.g. the changes of molecular mass, the
molecular mass distribution, etc.

As was mentioned above, T, is influenced by recrystallization during measure-
ment on DSC and is therefore less suitable for the determination of the course of the
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randomization process than T.i- At the early stage of melt-blending, considcréblc
changes in T, and T, take place, but their values for random copolyesters are not
reached at the same time as in the case of T'ny- On the other hand, the changes in 7,
and T, help to characterize the reaction products and the particular phases of ;

melt-blending better, from the mixture of polymers through a block copolymer to a
random one.
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Termooxidativni degradace modifikovaného
polyetylentereftalatu

gadin Ji¥L, Venié ek Jird

zivodni vyzkum n.p. Silon, Plend nad LuZnici

Bylas sledovéna termooxidaini stabi -
ethxlentereftalétu /PET/ modifikovgiggopgéy
sglz‘s-aulfoiaoftélové kyseliny /NaSIF/ pgi
rizném obsshu diethylenglykclu /DEG/ na pristro-
ji DSC. Se vzrustajicin obsshem DZG dochdzi

ke onizeni termooxidacni stability modifikova-
ného PET.

WeexeansAis 6HA8 Y TOAYMBOCTL K TEepPMOOKMCAEHMD
noawatTwrentepedraasta /079, woaudmumpoBaHHOTO
Nao -coasp S=Cyasi maoPT4nerol KMCAOTH NpHU pas-
HOM CONEPEHHMA L/UTWIRHIAIMROIAA HA YCTBHOBKE

ACLl. C mOBHUWADWMMCA CuLepEXAHUEM OUITWIEHT AMKOAR
JOXO4LUT K NOHMEEH L yCTOﬂHHBDCTH K TERHOOKIC.IP
aup mozudunuposasincroe [3TP.

A thermooxidative stability o1 polyethyleneterephta-
late /PET/ wmodifisd by lls salt of S-sulfoisophtalic
acid hes been investigamted, with ditferent diethylene-

zlycol content Ly meons ©
of thermuoxidative stab

f apparatus DUSC. Decrease
ity of modified P=T is

efrected with increasiag DLG content.

josterifilkaco je bezesporu nej=
46im postupem pri priprave mo=
anych polyesterovych vldken™.
mlkopolyesterifiku&ni kompo-
p aktivn{ nkupinou je No sul

y 5-sulfoiooftéalové /NasIF/,
vybuje nfinitu vlaken k ba-
barvivim /Tesil 31, Trevira
ermooxiducni depraducl v o=
ipravy polyeuteru l:uo vylocat
ym zubrineniw pronikdni v =
polykondenzuiniho zurizer:t.
1doéni wtobilitu modlfiker Gy

YOBK 1nbeye nn vymnnmo pra Jelit

J =t

textilnim zpracovani nebo pri praktickém
pou*ivéni 8 Jje cesto limitujicim fekto=
rein jejich praktické pouzitelnosti. Tak
napr. atruktivni modifikace PET poly=
glykoly =8 icelem snizeni elektrosta=
tického naboje, zvydeni navlhavosti,

{ torvitelnosti dispersnimi bervi-
ni sklonu ke Zmolkovéni dosud

zvyben
vy o eni.e
ienusle dirbiho uplatneni v disledku,
tormooxidaéni gtability

1
jich male

o
11&he procesu ptarnuti .

o rycl
, oo jsou etherické vazby
segmentyd, kxterd se snad-
termooxidaini deg-
nizkych teplotach

Pricin.u
~1;5kaolovfch
2 tapy podmxnek
s pri TC latl vite

R e
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nebo za plsobeni UV zdreai. Pocdtelni
krok termooxidadni degradace etherové
vazby zahrauje tvorbu hydroperoxidu
ra g ualiku. Eydroperexidy pak podlé-
khaii homolytickému dtepeni za vzniku
hydroxylovéno a2 aliioxylového radikdlu
jeho: preskupeni vede ko gtépeni ethe=
rové vazhy.
?OH

~ Cily— CH—C— CH,—Ciy~ —>

0*

|

—> ~Ci,—CE— 0 —CH;—

2 2

=ite QE
_ MC“.z*'u.H a 0+ . O—CHZC"iiZ"-'

Podobns gnifujf termooxidecni sta=-
bilitu ¥IT diethylern;lykclové jednotky
v polyesterovém retézci, které jsou
produkten vedlej3ich reskei pri pri-
cravée P3T. Vzaix DG podporu;i predev-
51z kxcpolyesterifil:acni komponenty
obsahuzii-i sul*‘cs*mp”t'J. T disledku
toho Sskte wodifilcvaného vldina vy~

kazuil viisizou zvi’Sen” obszh DIG ve

b o o o Lol o iy g A ol ) g L
Zizmmermass stucdcval tarmooxidacdénil
sfabi i PR goditileavene asyociiion
dJebskoroiy inalid ___1.1:_,_-..'1 :1y#olem
FLEG/ messdor Dih. Fritomnoss —:siifixai-

; 82 projevila saiZenin
:i 3tability polyestezu.
:11' 2%a9ilita nodifihovanéd=-
no F3T7 /TA/ pri pouziss Lyseliny
ortiigvd, H o=l J=-sullsimcrialovd,
5-bydroxyis.ritzlové jako kopolyeste-
£ikalinil kcaponmenty oyla niiai na: u
ecotifikovanseo PRI a se virustsji-
im O eloiky se oni-
ovala. FET modirixcvany 5-nitro.softa-
o elindu vykazuje zne3asu odol-

bssnen podifikaent e

EVE
ncst vii!{ termooxidadni degradact?,

CHEMLCKS VLARNA 15

v této préaci byls sledovins termo-
ox:daéni stabilita PET modifikevaného
NaSIP pri riznénm obeshu DIG na pristro-
ji D3C Perkin Elmer 13,

=:perimeatdlni Cést

Priprava polymeru

27 8 rlzn’m obsahem DEG byl pripra-
ver. v laboratornim polykondenzacnim
zarizeni ve forme granuldtu. Pred za=-
édtken reesterifikace dimethylterefta-
14<u ethylenzlykolem byl priddn k reak-
éni smesi DEG v mnoZstvi o 1,5 hm, 5
/vztaZeno nahmotnost polymerw/ niZsi nei
poZadovany koneény obsah DZG v polyests=-
~u. Po skondené reesterifikaci /220 °c/
byl priddn stabilizdtor a katalyzdtor
polykondenzace, resp. modifikaéni sloi=
ka ve forme 30 ; roztoku scdné soli
bis/2-hydroxyethyl-5-sulfoiseftaldtu/

v ethylenzlykolu. Polykondenzace pro=-
bihals pri teplote 280 °C a tlaxu )33 Pa.
Vlékno pripravenc na latorstcrafm zvloiie
tovacim s dlouzicim zarizeni. Obsaih Dig
v polyezateru atanoven plynovou chroca-
tografiil po nydraczinclize polyweru.
viereni termooxifuini stebility

DiouZene viiino /+,4 dtex/ bvlo vyprano
v tethylalkxcbolu za uiclez cdstraneni
Freparace a teoperovénu pri 180 °C
v sudrné po dobu JO minut., Fak bylo
v14kno zastrihdno na délk: cea 1 mm.
2 merici panvicsy pristroje DSC Perkin
Siz2r 1 2 bylo navdieno & zz takto P‘Ei"
praveného vzoriui, Mereani bylo ;r:ova'd;-
0 v ctevrenych zaricich pdnviikdch
etmosfeXe kysliku, :sehol pritok byl
) mlym, Maric{ Flava pristroje oyla
urravena tak, I2 iyoliX s plynné desTe-
dadni produkty odchiz ely primo do at=
=csléry. Rycklest zahrivdns °:/nin.

existenci
1i8nym bod
prifinou I
lizace V
desintegT?
obsahuiici
nspenan €3
nivaciz me

e Vi1
s
zaind pre
bodem téni
nického pi
kosti 8 %v
piku je dd
v oblasti

V litere
42 umoifin
bility :-‘3;:
troj Dsg
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piskuse
P"ro gtudium termooxidalni degradace
polyesterd ae pouzivé predevéim metody
DIA 8 TG. Y oblasti tén{ polymeru 1ze
zasto pozorovat p:"i pouziti diferen-
cidlnich termoanalytickych metod i ne-
goliksndsobny pik, coZ je v literature
yysvetlovéno riznymi zplsody. Tak u vlé-
en 8e predpoklddalo, Ze dvojity pik je
disledkem ztrdty orientace v oblasti
té.nis, jind skupina praci predpoklddd
existenci dvou lkxrystalickych forem 8 od-
1isnym bodem ténil. Wejpravdspodobndisi
pri¢inou nasobndhe bodu tdni je krysta-
lizace v procesu té.nf « Pri méreni jemne
desintegrovaného vzorku PET v atmosfére
obsahujic{ kyslik byl na DTA krivece zaz<
namendn exotermicky pik, ktery pri srove
pivacim mereni nebyl pozorovén. Tento
pik je vyrazem termooxidalni degradace
per?r 20y 1| protoze oxidace vzorku
z88ind probihat jiZ v pevné fézi pred
bodem téni polyesteru je plocha exoter=-
nického piku podstatné ovlivmens veli-
kosti a tvarem vzorku. Velikost a tvar
piku je ddle ovlivnovdn rekrystalizaci
v oblasti bodu tini a zmenou povrchu
pri roztaveni vzorku. Jako zvldst
vhodné kriterium pro posouzeni ruznych
vzorkl polyesterli z hlediska termooxi-
deéni Btability se jevi teplota poldtku
ternooxidativatho pfku /Ty  / - polédtek

intenzivni oxidace.

V literature neni dosud popséna meto-
da umoZiiujici uréit termooxidadni sta-
bilitu PET pomoci pristroje DSC. Pris-
troj DSC pracuje na ponekud jiném prin-
cipu neZ p:':*'atrojﬂ DTA a bylo tedy nut-
20 upravit ji7 drive vypracovanou meto-
g-’{iﬂllg&rem termooxidacni degradace

" e - - » - ] o
s 24rleds zkudenosti ziskanych pri
BéTeny PET v atmos-

Lt Lok

termicl:ého chovéni

CHEMICKE vLLKuaA
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fére dusiku 1ze Fredpoklddat, e bude
dochédzet i v atmosfére kysliku k rek-
rystalizaci, kterd se projevi rozito-
penim vrcholu tdni 13. Aby rekrystali-
zace byla sniZend na wminiwmum, bylo vldk=
no pred merenim temperovdno /krystali-
zovéno/, aby ese tim zarudil vice méne
stabilni pribeh ténf. Jak vyplyvé z do-
aazanych vysledkld, tak i literdrnich
ddauled vhodnym kriteriem pro uren{
termooxidadni stability polyésterovych
vldker je teplota poldtku exotermniho
piku termooxidace Tbcx /obr. 1/. Repro=
dukovatelnost mereni T 8e za pouzi=
'tych experimentdlnich podminek pohybo=
vala podle druhu polyesteru v rozmezi

1 - 4 °C. DosaZeni mald reprodukovatel=
nost velikosti plochy exotermmiho piku
termooxidadni degradace /= 50 %/ je
zrejme zplsobena uloZenim vzorku na me=-
rici pidnvidce, které nezaruduje repro-
dukovatelnou velikost plochy vzorku.
llamérené hodncty nelze srovmavat s tda=-
ji publikovanymi pro DTA2’4. nebot me=-
reni je v tomto pripade providdeno za
odlisnych podminek. Pouzitd metoda podd=-
vé pouze relativni udaje /stejné jako
DTA/ & je vhodnid pro posouzeni termo=
oxidadni stability rady polyesterovych
vldken. Podobné uvedend hodnota bodu
tdni ;id odedtend z termogramu pri mére=-
ni v atwoafera kysliku neodpovidd bodu
t4ni mereného v atmosfére dusiku. Tvar
endotermu tdni je v tomto pripade defor—
movén soudasne probihajici exotermni
termooxidaéni reakci, predeviim v pri-
pade, kdy termooxidace probihd pred bo-
dem tdni.

7 dosaZenych vysledki vyplyvéd, Ze roz-
hodujicim kriteriem pro termooxidacni
stabilitu PZT vldken vedle druhu a kon-
centrace katalyzdtoru a stabllizdatoru
je obsah DEG a to jek u modifikovaného
tak i nemodifikovaného PET. S rostoucim
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obsahem DEG ve vldlmé a to jak u modi-
fixovaného PET tak i PET modifikovendé=

ho NaSIP se hodnota I posunuje k niz=-

5fm hodnotédm. Tedy se vzrustem obsahu
DEG se sniiuje termooxidaéni gtabilita
polyesteru /tab. I./. Dr{ive publiko=
vané-udaje o niZ%si termoozidacni sta=
pi11t5 PET modifikovaného NaSIF' je
nutno pridist zvysenému obsabu DEG
ne: pritomnosti modifika&ni kompenen=
ty NaSIP v polyesterovém zetezcl. Mo
difikované polyesterové vidimo o niz=
kém obsabu DEG md srovnatelnou termo=
oxidadni stabilitu 3 nemodifikovanym

=1 pouiiti stejného katalyzdtoru o=
€00/, 0,03 mol %, -

esterifikace Mn/
polykondenzace Sb/c':{300/3 0,036 mol

% a stabilizdtoru /tab. I., polyes=
ter 6,8/. Se vzristajici koncentraci
modifikacni sloZky NaSIP nsdochdzi ke
sniZeni{ termooxidacni stability modi=-
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fixovaného polyesterového vldima /tab.
I., polyester 9, 11, 12/.

Permoozxidadni degradace rET probi-
hé radikdlovym mechanismem a Je urych=
lovéna katalyzdtory preesterifikace
dimethyltereftaldtu ethylenglykolem,
T, ,x Destabilizovaného PET je o 36 o
niZs1{ npeZ u PET stabilizovany v,u)
mol % trinonylfenylfosfitu /TNFZ/
/tab. I. polyester 1,7/. Jejich nega=
tivni déinek lze do urcité miry eli=-
minovat pridavkem stabilizd‘orl na bé=
zi tTi nebo petivalentniho fosforu,
které prevddeji kationy preesterifi-
kaénich katalyzdtori na neakiivni fos=
fity cebo foeféty /tab, I. polyester
1,6,7/. TNPP vykazuje vedle toho
i antioxidaéni Ucinky, coZ se priz=-
nive projevi na termooxidacni stabi-
1ite pol:jestarulq'. U PET 8 nizkm
obsahex DEG stabilizovany TNPP ter=-
mocxidaéni reakce za pouZitich expe=-

rizentélnich podminek méreni nastavd

Obr. 1 Schematicky tvar termogramu dlcu=

Zeného temperovaného vldicia pri
zahr{vdn{ rychloat{ 16 °d/nin
v atmosfére kysliku a dus{m na
pristroji DSC-1B. Na obrdsiku je
vyznalen zplsmob hodnoceni podsdiku
termooxidativni degradace /Tbu/
a bodu té4n{ /T3] 3
/a/ degradace se projevi jedts
pred bodem tdn{
/b/ degradace zadne probihat
aZ za bodem téni 3

8% nad teplotou tdn{ polyesteru /tab.
I. polyester 1, 6, obr. 1b/. Pei posu=
zovani termooxidadn{ stability polymeru
Y pevné f4z1{ je nutno vz{t v Gvahn smeny
krystalické fdze zplsobend kopolymerica-
cl. Se varistajfoln obeahen modifikadai
8loiky dochéz{ ke zvjien{ obsahu amorfni

f4ze a t{m ¢ ks zvyden{ difuse kysliku
k reakéning centrﬂ:zls.
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13b£ikn I.
5
Polyester D NaSIP L o Stebilizétor
B B i fic 0,03 mol %
1 0,7 - 262 255,8 P
2 2,0 - 240 252,1 THPP
3 4.2 - 220 248,2 TRPP
4 9,9 - 220 234,6 THPP
5 18,0 - 218 226,5 THPP
6 0,8 - 248 257,1 B3P0,
7 1,1 - 226 254,1 =
8 0,7 2 251 254,17 H3P04
9 1,5 2 236 251,7 H3P0,
10 3,4 2 222 1246,2 113po4
11 1,4 B 236 250,2 H,PO,
12 1,8 6 ?31 2533 H3P04
7 analogie termooxidacéniho chovéni os=- 7. Bell Ja#., Slade O.F., Dumbletan

tatnich polymerl lze predpoklédat, Ze

se eniZovdnim obsahu krystalické féze,
bude se eniZovat i termooxideéni sta=-
bilita polyesteru 17* 16, 76 ge bude
predevéim projevovat pri vydsich koncen-

B'

9‘
tracich modifikacni sloZky />10 %/.
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SOME APPLICATIONS OF DSC
IN POLYESTER
PRODUCTION kol

J. Vaniek

Silen N.C., Research Department, Pland n. Lu3.

391 02 Sezimovo Usti, Czechoslovakia

ABSTRACT

Some applications of DSC in polyester fibers estimation have been
given in presented paper. The process of glass transition temperature
/Tg/ measuring has been described, by means of which it is possible
to state the content of diethylene glycol units in polyethylene
terephtalate /PET/ with an accuracy comparable with the gas chromato-
graphy one. T, of pure PET has been found in the neighbourhood
of 73°C. Furthermore, the equilibrium melting temperature /T  /has
been estimated for PET and a polyester modified by 2 moles % cnig 5-
sulfoisophtalic acid. For pure PET, the T; is about 283°C. In the
next part of presented paper, the relation has been given between
the initial recrystallization temperature /Trc/ and fiber setting
/or annealing/ conditions.

INTRODUCTION

The processes taking part in fiber preparation from polymer
melt are of two different kinds in principle: the reological processes
and the thermodynamic ones. As far thermodynamic, the transitions
are here first af all, such as melting, crystallization and glass
transition. The differential scanning calorimetry /DSC/ appears
to be suitable for investigation of all these processes. The heating
curves or cooling ones under suitable experimental conditions can
give us a lot of valuable informations about these transitions
in a polymer. First of all, it is suitable for relative Judgmegt
of behaviour changes of two polymers or copolymers respectively,

or eventually for some samples judging of polymer with diflferent
aboratory we have used the DSC in order

thermal history. Inour 1 !
s -nd constants: glass transition

to investigate following processe | 88

temmperature, amorphous polymer behaviour, relative or absolute
Ll [ i

: recrystallization, heat and/or temperature

rate of crystallizations, : _
: dative degradation. In this paper, some

of melting, thermal or oxi
these applications are described.
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EXPERIMENTAL

een made by using the differential calorimeter

ineg have b
All measuring 2 USA/. The fibers of a routine

DSC-1B /Perkin -Elmer Corporation, ‘ i
production were used for said measuring. Before measuring, the fiber

was washed two times 1in methanol in order to remove the finish oil

or lubrication on the fiber surface. The fiber being dried at the room
temperature, it was consequenﬂy cut in the pieces .Of 1-2 n:m length.
During all measurings, the sample weight was as high as 10-0.1 mg.
The measurings were made under atmospheric preassure in aluminous
pans with covers by using nitrogen through flow 15 ml/min. The
measuring range was 8 microcalories per minute. The sensitivity

of recorder was elected according to the character and thermal
intensity of investigated process. Usually, the measuring was made
at the rate of 16 deg/min, as far as other conditions are not described
in the further text of this paper. The relative high rate of heating

has been elected in order to shorten the time necessary for measuring

to the minimum.

RESULTS AND DISCUSSION

Glass Transition

The glass transition shows itself on the heating curves by
increasing of polymer thermal capacity as a result of molecules
Brownian motion loosening. Being dependent on the thermal history,
the endothermic peak can appear in the region of glass transition,
the explanation of which has not yet been having but one meaning.

This peak becomes the more outstanding the slower the polymer is
cooled after heating over glass transition temperature /T,/ or the
longer an annealing of glass polymer near Tg is lasting. F

dln ordgr to investigate the glass transition, the amorphous
‘::11 ;‘:;Tiﬁ?er has been used, the birefringence of which has appeared
amorplf;uz fi]?er .thIn the Fig.l, we can observe the influence of
G Edn ol er‘rpgl history upon the heating curve shape in the
ey za}:'abnsnwn. The polymer being annealed near T , the
e T pezk “uecornes more. outstanding according to.an art%ealing
i s i occur also in 5-_uch case, the fiber will be heated
i coolled by the defined rate. As it foll

oo e e St it follows from the
e sloner he Fhes lias Mo e mIgf in the region of glass transition
or equalts coflNenyent e a:t thth-e- rate of cooling is greater

e Tg measuring, the peak

does not o
ccur and the gl ;
4ss transit
order transition. ition obtains a charakter of second

In order to elimin
ate the influe '
e nce of fiber thermal h
the flifer mrl.?izn}?emtezsurmg of glass transition in suchli:r};a‘:e R
ated up 10 80°C and then cooled by the r:te 4 deg
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per min. After cooling to room temperature
transition by using the rate of 16 deg/min {HWe measure the glass
temperature value of endothermic peak. T.he % measu‘"_e _the maximum
stated value was not more than 0.2 o o th:‘;}:{rcl)dumblmy of thus
on the fiber age and on its orientation /the blrefiue “as independent
its value from 2 to 6x 107/, Measured T T Sua'.t:bglence was changing .
comparison of polymers with varying contont of mOdife to relative s
found values of T, have been rather higher bei ying agent. The 4
values measured E}' using of other method ng comopared with T sti

_ s /about 80°C/. g byl
extrapolate to zero weight and zero rare! the resdlis a:e If we
with ones obtained by other methods /about 65 - 70°C/ comparable

Tl’r;i;e};tf;n/‘:]):;eggie?ng;ass transition temperature and diethylene
gl ET is/plotted in Figure 3. /The melting poi
was measured after fiber overmelting at 290°C ar;d 10 minut : P;mt
! then it was crystallized under defined conditions usi i
E : ng the cooling
r rate 16 deg per min/. The comparison of slopes of both relations
andﬂrep roducibilities of both measurings shows that the accuracy of
DEG estimation is about two times better than compared with the
same value obtained from T, value, and it is the same one as obtained
bv gas chromatography. Besides, the measurement has been lasting
20 minutes only and it is to repeat several times by using the same
sample, whilst the result is known after several hours using the gas
chromatography.
From Figure 3 follows that PET would have Tg = 86°C at zero
content of DOEG. | After correction to zero rate and weight, it would
be about 73 C/.

mol.
vana

tepl

ny
pfi
285

te-

Equilibrium Melting Temperature

The melting of crystalline polymer does not take place at the
defined temperature but in a certain temperature range, and the
recrystallization influencing the resulting value and the shape of
melting peak takes often place during the melting /1/. The multiple
melting point takes often place, too. The melting point is also
influenced by original fiber structure. Thus for instance, it was
lOoC higher in the case of the undrawn fiber copared to the same

mol

one after the cold drawing. )

If we want to eliminate the influence of polymer s supermolecular
e to estimate so called equilibrium m’eltmg tempera-

g " o lorv :
ture /Ty, /. In T, measuring, we get out of the Flory s pOI:‘a‘Tner' L
melting theory /2/. This theory has been developed in the letters
F ey : . —r A = L 1 i
of Fischer /3/, Mendelkern /4/ and Wunderlich /5/. There is ¢
following from this theory that it is pcssible to estimate the
f‘“'-l"'-r.w-'r\ melting temperature from the relation of melting point
QULLLOIIUIL I ELLLIl LEI 3 3 =
the reciprocal value of long period 1/L for L—oo. With
long period length 1s up to certain

it is possible to estimate the equilibrium

ween melting point and

structure, we ar

M

o}
m 3

r

crystallization temperature,
from the relation bet

spect to the fact, certain

melting temperature
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erature /Tc/- T; is the crossing point of
*h the straight line. Toi=Te 8

Measuring T, we went in such way that the fiber was n;f-ltEd-
10 minutes at 295bC and then it was rapidly ;oolgd to crystallization
temperature T .. The time of sample crystallization wafs uli i ey
or three crystallization half-times. The depefldeflce of melting point
on heating rate was stated for every crystalhzano.n temperature
/being corrected to thermal delay at different heating rates/.

The dependence of log Tpy an the heating rate was constructed as
recomended by Strella /6/.

As it follows from Figure 4, this relation shows the minimum
generally. Evidently, the melting point increasing at low heating
rates is the result of a recrystallization, the increasing at high
heating rates is connected with superheating. By extrapolation of
right-hand part of function to zero rate, the polymer melting tempe-
rature for the given crystallization temperature was found. In
Figure 5, the relation of this extrapolated melting points with
the crystallization temperature is shown.

Table 1 contains the 'I'r?l values estimated for several copoly-
esters modified by 2 moles % of 5 -sulfoisophatalic acid. In the
polymer, the certain amount of DEG is present. In the last line
of Table 1, the value Tgl is given which is corrected to melting
point depression by modified monomeric units will decrease the
equilibrium melting temperature as much as 1.2%. Consequently,
it is to deduce, t}ée equilibrium melting temperature would be as
high as about 283°C. The found values are in good consent with
the result of Wlochowicz and Przigocki /7/ who measured by
extrapolation of Ty dependence on 1/L values, the value

e
Tm =278 - 2°C by using of current PET /not quoting the DEG
content/,

crystallization temp
mentioned function wi

Recrvstallization in the Annealed Fibres

The fibers made from polyester or polyamide do not contain so
g:ieat amcn.lmt of fold-chain crystals, compared to polyethylene or
EEY;PI;C;PY lzr;eé {T”dOlyes.ter has a great quantity of regions containing
irﬂuenci 0 ?n -Cha?n crystals /8/. A thermal setting./or annealing/
intensity l'nJ.rnbecw‘hfafmng of crystallinity, density, long period
i k, : ¥ old-chaxn crystals/8/. The recrystallization,

akes place in a fiber, makes the system stable and that is

why the stability of dj :

J imensions a ;

temperature, Wiesner /Q/ nd structure exist here up to certain
/2] reports, the endothermic peak is to be

obs
erved at the temperature 10 - 15°C higher than temperature of

annealing. i
g. In the next Paper, he interprets this peak as such

temperature at which cohesion DOwer
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as follows when comparin
g the heating curve
rweegﬁ;rini u-l;l the regiqn over the setting templzr;}zrile}ssse tl‘;nsmson
ed the deflection of the base line as T . e Fig. 6/ y
the recrystallization will take place in a fib rc ‘:}1‘ have supposed mol.%
Ei ; 1Der at this temper Jvéna
;n]__ff gnee 15 Trc as a function of annealing time t, is 1o$tedamre. teplo-
tierent temperatures of annealing T, . The AP at
without tension /see Fi A Setting was made 2
Seee bl 1g..7a/ and therefore the shrinkage will iy,
i iem lul:‘}?‘-g ¢ setling, or at the constant length /see Fig.7b/ 15 t1
al history of polyster fiber would be estimated from : I byly

mzzsur?d 'l;ltl_c value_and .this Way appears to be more suitale than
measuring the sorption fiber properties because it is less dopendent

on eventual presence of modifying component. nz- ‘
1 ;i o
285 ¢
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TABLE 1 |
The values of copolyesters ‘equilibr'ium melting temperature ,
/PET + 5-sulfoisophtalic acid/ |
Sample A B (& D : mol.%
Content of 5-sulfoiso- "
phtalic acid in moles % 0.0 2.0 2.0 2.0 s
PR | 1R |
tConth‘nt o:f EG 3 25 4 48 2 35 5.75 ol,
FEETROLS S e . L S e | S e N S S L s P e Sl sy e el
-------------------------------------------- : 18
Ev ar-mnq'a‘ TO value :
e e 278.8 276.0 278.0 273.5 -
iog{r:ected T, value 282.8 283.8 283.2 282.8
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Influence of amorphous PET fiber thermal history

on heating curve in the glass transition region / schema -
tical course/

A - fiber immediately after spinning

B - fiber after 3 days at room temperature

C - fiber annealed at higner temperature near to T

D - fiber throwed in the water for one day at 20 C

0 £ 2 !IJ

TEMPERA TURE
Infguence of fiber co

80°C an the endothe
transition region,

oling rate after heating up to
rmic peak shape in the glass

Parameter: cooling rate in °C/min




385

THERMAL ANALYSIS - VOL 3

a1 eyiydaaal auaAypakiod ur Juajuod

102418 aua(Ayia1p jo uondury w se /Wy / aameaadwa)y

Bunew pue \m,_..\ aameaadwal uonisuvll VO ¢ "381

930 % TON
£ J £ - £ 4
1 i

o
oee |
N
-
o
o2 -
o3¢ |
orz -

4/

(2.7



2181 Sunway oaaz o) parvjodeaixe Sureq W ‘oypa
Bunyeay jo uoydunj v sw \u,_(\ uonBZI[|PIsA1d jo
saamraadwa) jusaajjip 1w .1 eyydaa) auajfyaijod
pazieisAa1d Ajpuaayiost jo /Wy / yurod mF::uE.

JLVY INILVIH

%9 c IN\
1

7 814

b

=N

J. VANICEK

D4

386

- s

(€42, Jo‘;




387

THERMAL ANALYSIS - vy 3

91 = Wy aulf ySieais ay} yim uondunj s1y) jo
1utod Buissoad woay paivwnsa aq (M aamwiaduay
Bundw wnuaqipnbs ayyp *d1 snsaaa Wy uonounyg a1
wouajy aanywasdway Funaw wniaqiinba jo uonwuimsyy G'O1,

—

ﬁ.Ut .\ ..nU\
ocz <

odc
Ll L

o

L 0S¢

i

- 092

| OFc




388

Fig. 6
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Comparing the heating curve in the gl;ss trans1t1::1r
region and in the region over the setting temperature
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Fig. 7 Relation between j

fiber recrystallization I Tec/
temperature of setting,

a/ Fiber settin

g without tension
b/ F

iber setting with constant length /under tension/
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(54) Sr43livd kopolyesterovd vldkna a zplsob

jejich ptipravy

(57) srézliva kopolyesterovd vldkna s niz-
kym obsahem komonomeru pfi dosaZeni vysokych
srazlivych sil s dobrymi srdZlivymi vlast-
nostmi lze ziskat i pfi nizkém obsahu komo-
nomeru do 3,9 mol.%, pokud jsou polymern{
fetézce sougasné vétveny pfidavkem 0,05 aZ
1,0 mol.% troj nebo vicefunkénich alkohold.
U tohoto typu vldkna se podstatné nesniZuje
teplota tdn{ ani tepelnd odolnost a zlep3uji
se zotavovac{ vlastnosti vldken. K vétveni
lze s vyhodou pouZit technicky pentaerythri-
tol s obsahem monopentaerythritolu nad hmot-
nostné 70 %.
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- enych pro re {
Vynilez se tykd pEipravy sréZlivych polyesterovych vldken UEEAaYET: @ Laxatni opje.
ynd

movdni, kterd maji zvysené srdzliveé sily: s ikl oh ]
Postup vyraby srazlivych polyesterovych vldken j? Chrf“éZHZZ:i i dosaéen: :r:::":'
ceyRdALn L. & oS &g @ 117 159, kde dabrych)relaxsERIEhsHat S 1kna modifik g o :
ptidavkem komonomeru. Nevyhodou tohoto postupu Je skuter?nost. 2e wla s 1l1kovand gbsj-
. Kis viaki8 az 12 %, maif sni2enou teplotu GAnt (e sHeErsaiEas
hem komonomeru nad 4 %, obvy cké a hydrolytické degradaci nez nemodi.

tavovacf vlastnosti a navic jsou méné odolnd terml
Je ta ptirozené,
jemovdni je u téchto vldken ni23i krystalinij-

l4ken s niZ23im nebo nulovym obsahem

fik ny typ polyesterového vlakna protoze pEitosnostl kpmontmsgy Ce i
ovany ty =
rudena regularita polymernich fetézcd a po o8

ta. Je znamo, Ze sradzlivd vldkna lze ptipravit 1 z ¥ Al ,
{ sice vyhovujici srdZlivost, aviak srdZlivé sily jsou

fs. autorskeé osvéd&eni &. 237 183 fe3{ zvyse-
jako je glycerin, trimety]-

komonameru, av&ak tato vldkna maj
nedostate&né k dosaZeni objemovaciho efektu.

ni srdzlivych sil pffdavkem troj nebo vicefunkénich sloucenin, : ;
olpropdn, trimetyltrimezindt a pentaerythritol, a to op&t u polyestsravyjeh vldken's vysg-

kym obsahem modifikaén{ sloiky. V uvedeném vynilezu Jje zvys

synergickym d&inkem molové 4 aZ 15 % kyseliny isoftalové jako komonomeru. Znamend to, Ze

za téchto podminek se sice dosihne zvy3eni srdzlivych sil, ale vsSechny negativni dopady

vysokého obsahu kyseliny isoftdlové jako modifikaéni komponenty zGstdvaji. Vedle snifen{
teploty tdni a zhordeni zotavovacfch vlastnost{ vldken a zhor3eni tepelné stability jsou
to problémy s pfipravou takovéhoto kopolyesteru, zvld3té pfi kontinudlnim zpdsobu vyroby.

eni srd?livych sil podminavino

Modifika&ni sloiku je obvykle nutno pEipravovat samostatné a je nutno ji privést napfiklad

ve form& glykolového roztoku v nékteré fdzi pfipravy polymeru k reaké&n{ smési. Cia je po-

?adovdn vy33{ obsah modifika&ni sloZky, tim jscu vy535i ndroky na pracnost, energii, zhor3u-

je se zvldknitelnost kopolymeru a podobné. ‘

Na rozdil od dosavadniho stavu jsou srdilivd kopolyesterova vldkna podle tohoto vynd-
lezu pfipravena tak, Ze polymern{ fetdzce obsahuji vedle zdkladnich jednotek pouze 0 aZ l
3,9 % modifikovanych strukturnich jednotek, kde strukturni jednotky mohou byt modifikovdny
Jjak v glykolové, tak i v tereftdlové &¢4sti makromolekul. Souéasné s nimi je do fetézcd
zabudovdno molové 0,05 aZz 1,0 %, vztaZeno na etylenglykolové jednotky, troj nebo vice-
funkénich alkohold, které zplisobuji vétven{ fetézcd. Zvld5té vhodné je pouZiti kyseliny 5-
-sulfoisoftdlové o obsahu molové 1,6 aZ 2,5 % jako modifikaé&ni sloZky, kterd zlepiuje
barvitelnost a souéasné sniZuje Zmolkovitdost. PoZadované srdZlivosti t&chto vliken je dosa-
7eno zvldknovdnim pFi teplot® 5 aZ 40 °C nad teplotou tdn{ pfi odtahové rychlosti 300 a2
1 500 m/min a pii dlouZeni v jednom a: tfech stupnich. OlouZic{ pomér se voli tak, aby tal-
nost byla mensi nez 90 % a v prib&hu dlouZeni a suieni nesm{ byt vlikno vystaveno vy33i
teplote nez je 65 °C.

Ukazuje se, Ze zvySeni srdZlivych sil je u vldken vyrobenych podle tohoto vyndlezu
dosaZeno vhodnou volbou obsahu vicefunké&nich slouenin, stfedni molekulové hmotnosti kopo-
lyesteru a podminek jejich dloufenf. Dali{ modifikaéni sloZky jsou pEfiddvdny pro zlep3eni
jinych vlastnost{, jako je barvitelnost, snizeni Zmolkovitosti atd. Pfi nizkém, nebo do-
konce nulovém obsahu dvojfunk&nich komonomery Jsou potlaéeny viechny negativni disledky
kopolyesteru s vysokym obsahem kemonameru, jako je sniZeni tepelné a chemické odolnosti,
zno~Seni zotavovacich vlastnost{ 1 podobné. llepseni tdchto vlastnosti oproti sculisnéau
j:a'l-,fu \:)‘rr:by Je ocenéno pfedevdim pfi pouZitf srdZlivych vldken pro vyrobu netkanych texti-

1{, které jsoo poulity pro technickd e .
mu prostfed{ a podobné. U vyrobce vldken i:t:sz‘:‘:‘n::?taVE“Y .
ni vyrobniho postupu. Vyhoda je, - |

vySenym teplotdm, agresivni-
tenta vyndlez zjednoduseni a zlevné- \
: : te bez zmény slozeng kopolyesteru lze jen upravou moleku=
lové hmotnosti nebo dokonce Jen ldpravou podm{nek dlouZen{ pti pou?it{ steijného nedlouZené-
ho vlakna z{skat srd2livé vldkno. To navi{c umoZAuje sousfy J |

0 stejnem chemickém slolen{ ve srdtlivém i nesrj

at do rdznych manipulaci vldkna

Zlivém proveden{ a ; 9
S ; . obé komponent otom
zde maji shodné ulitné vlastnosti, jako jsou barvitelnost P Yy P

a podobné. Zmolkovitost, tvarovd stdlost

[ —
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Podstata vyndlezu je vysvétlena na ndsledujicich ptikladech.

Priklady

1

Kopolyesterovd vlikna 5 obsahem 2 mol.% kyseliny S-sulfoisoftdlové a o obsahu 0,1 mal.%
technického pentaerythritolu, ktery vyvolal &dsteéné vétveni fetézcd, byla zvldknoviana
pti teploté 280 °C a odtahove rychlosti 970 m/min. Po dlouZeni ve dvou stupnich s teplo-
tou vodnich ldzni 60 °C a na celkovy dlouZici pomér 3,89 byla suscna pfi teploté do

B0 °C “Tikton byla ziskdna vldkna se srdzlivou silou 14,7 mN/tex v porovnani s vlikny,
kterd byla pfipravena o stejném sloZeni a za stejnych podminek, avSak bez pfitomnosti
pentaerythritolu a vykazovala srdzlivé sily 10,1 mN/tex. Ostatni vlastnosti vldken byly
srovnatelné, taZnost okolo 45 %, jemnost 4,2 dtex a pevnost asi 3,8 cN/dtex.

Byla vedle sebe vyrobena dvé polyesterovd vldkna. Prvni bylo zdkladni nemodifikovany
polyetylentereftaldt s obsahem dietylenglykolu kolem 2,2 mol.% a druhé polyester s pri-
davkem 0,15 mol.% pentaerythritolu navic. Obé vldkna byla zvliknovdna pfi teploté 285 S
pEi odtahové rychlosti 720 m/min. DlouZen{ ve dvou stupnich probéhlo pfi teplotach

ldzni pro nemodifikovany polyester 57 a 50 °c a pro kopolyester podle vyndlezu pfi te-
ploté obou lazni 55 °C. SuZeni stiize probéhlo opét do teploty 50 Fe.

Nékteré vlastnosti obou uvedenych vldken jsou uvedeny v tabulce.

Nemodifikovany Polyester
polyester podle vyndlezu
Jemnost (dtex) 3 65 2593
Pevnost (cN/dtex) _ 3,68 LS i
Taznost (%) 66 62
Smrsténi voda 100 °C (%) 21 22
Smrsténi vzduch 160 °C (%) 23 28
Smr3tivd sila (mN/tex) 10,0 16,7

Rozdilné chovani obou vldken bylo potvrzeno i aplika&nimi vlastnostmi pEi vyrobé ne-
tkanych textilii.

Kopolyesterovd srdZlivd vldkna s obsahem 3 mol.% kyseliny isoftdlové a o obsahu 0,5 mol.%
glycerolu vykazovala stejné velké srazlivé sily, jako vldkno bez glycerolu s obsahem

10 mol.% kyseliny isoftdlové pfi srovnatelné srdZlivosti kolem 23 %. PEi tom rozdil

v teploté tani byl 16 °c. Vldkno podle vyndlezu vykazovalo vy33i teplotu tdni a lepsi
tepelnou stdlost pfi poulit{ zobjemnéné netkané textilie pro filtraci horkych plynd.

Kaopolyesterovd srdzlivd vldkna s obsahem 3 mol.% smésné modifika&nl sloZky (polyglykol,
ﬁh = 1 550 : kyselina 5-sulfoisoftdlovd 1:2) a o obsahu 0,4 mol.% trimetylolpropanu
vykazovala srovnatelné srd2livé sily s vlakny obsahujicimi 9 mol.% vyS%e uvedené smésné

modifikaéni sloZky. Vldkna méla srovnatelnou srdZlivost kolem 30 % za varu, srdzlive
sily pfi 160 °C na vzduchu byly kolem 20 mN/tex.

Podobnych vysledkd jako v pfikladu 4 bylo dosafeno pfi pouziti 3 a 9 mol.% neopentyl-
glykolu. V1dkna viak vykazovala srdzlivost kolem 25 % a srdZlivd sila byla kolem

15 mN/tex.
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PREOMET vYNALEZU

k objemavdni na vzduchu nebo ve vodé, popfipada
e srazlivosti za podminek objemovani nad 15 %
a s obsahem dietylengly-

Sr4zlivd kopolyesterovd vlakna uréend

ve vodni pafe pfi teploté 100 az 210 .
se stfednim poctem strukturnich jednotek vySsim molové neZ : .
kolavych jednotek mendich neZ & %, vztazeno na etylenglykolové jednatky, vyznadujici

se tim. 3e kopolyesterové fetézce jsou tvoteny molové z 99,95 aZ 95,1 % zakladnimi struk-
£
turnimi jednotkami, aZ 3,7

ukturnimi jednotkami, kde kyselinovi
a/nebo glykolovd &ast zakladni strukt

selinou a/nebo jinym dvojfunkénim alk ¥
jednotkami, kde glykolovd ¢ast je nahrazena troj nebo vicefunkénimi alkoholy.

v modifikovanymi str
urni jednotky je nahrazena jinou dikarbolovou ky-

oholem a z 0,05 az 1 % modifikovanymi strukturnimi

vyznatujici se tim, 7e modifikované terefts-

Sra?livd kopolyesterovd vlikna podle bodu 1,
isoftdlovou, kyselinou metoxyisoftdlo-

lové strukturni jednotky jsou tvofeny kyselinou

vou, kyselinou adipovou, kyselinou sebhkovou a Na nebo K soli kyseliny sulfoisaoftdloveé.

vyznacujici se tim, %e modifikované glyko-

Sr471ivd kopolyesterovd vlakna podle bodu 1,
linedrnim dihydroxyalkylem

lové strukturni jednotky jsou tvofeny neopentylglykolem,
o poctu -CHZ' skupin 3 aZ 6 nebo polyglykolem o stfedni molekulové hmotnosti 300 az

5 0a0a.

Sr4azlivd kopolyesterovd vldkna podle bodu 1, vyznaéujici se tim, Ze modifikované struk-

turni jednotky jsou tvofeny sodnou sol{ kyseliny 5-sul
az 2,5 % a vicefunk&nim alkoholem o koncentraci molové 0,09 aZ 0,25 % je technicky

foisoftdlové o obsahu molaové 1,0

pentaerythritol s obsahem nejméné hmotnostné 70 % monopentaerythritolu,

Srazliva kopolyesterovd vldkna podle bodu 1, vyznaéujici se tim, Ze kopolyester obsahu-
je pouze molové 0,12 aZ 0,25 %, vztaZeno na etylenglykolové jednotky, technickeého penta-
erythritolu s obsahem nejméné hmotnostne 70 % monopentaerythritolu a/nebo molové 0,1

az 0,75 % glacerolu nebo trimetylolpropanu.

Zpisob vyroby srazlivych kopolyesterovych vldken podle bodd 1 a2 5, vyznadujici se tim,
Ze kopolyester je zvldknovdn pti teploté o 5 aZ 40 s vy353{ ne? je teplota tdni a pfi
odtahové rychlosti 300 aZ 1 500 m/min a dlouZi se v jednom aZ tfech stupnich na taZnost
vldkna mensi ne? 90 % pficem? teplota vldkna pfi dlouZeni a suSeni je nejvyse &5 o 8
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Termicka analyza polyesterovych vliken
Thermal analysis of polyester fibres

doc. RNDr. Jifi Vanicek.CSc

Souhrn

Byly studovany procesy, které nastavaji u vlaken z polyetylentereftalatu (PET) nebo
jeho kopolymeru (co-PET) pisobenim konstantni teploty (izotermnim ohiev) a nebo pri
dynamickém ohfevu s vyuzitim metod termické analyzy, pfedevsim diferenéni kompensacni
kalorimetrie (DSC). Casto jsou zkoumény zmény chovani PET nebo co-PET po izotermnim
ohievu pii nasledném dynamickém ohievu na DSC. Tyto vlastnosti byly zkoumany jak u
orientovaného tak i neorientovaného PET nebo co-PET. Prace se téz zabyva vyuzitim metod
termické analyzy pro sledovani nékterych vlastnosti taveniny PET, jako je termooxidativni
degradace nebo vyménné (randomizacni) reakce v co-PET.

Kli¢ova slova: termicka analyza, polyetylentereftalat (PET), vlakna, izotermni ohrev,
dynamicky ohiev

Summary

We studied processes which occur when poly (ethylene terephthalate) fibres (PET) or
its co-polymer (co-PET) are exposed to a constant temperature (annealing) or to dynamic
heating using methods of thermal analysis especially the differential scanning calorimeter
(DSC). Changes of behaviour of PET and co-PET after annealing during subsequent dynamic
heating on the DSC were often observed. These qualities were studied for both oriented and
non-oriented PET and co-PET. The work also deals with use of methods of thermal analysis
for observation of some qualities of PET melt, such as thermooxidative degradation or
exchanging reactions in co-PET.

Key words: Thermal analysis, poly(ethylene terephthalate) fibres (PET), annealing,
dynamic heating.
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Byly studovany procesy, které nastavaji u viaken z polyetylentereftalatu (PET) nebo jeho kopolymeru (co-PET) pusobenim konstantni teploty
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