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Abstract: The relaxation spectra of polyacrylonitrile—poly (vinyl chloride) copolymer filament fibers were
obtained by applying the experimental stress relaxation curves to the theoretical equation of relaxation
spectrum. The theoretical equation of relaxation spectrum was derived from the Ree—Eyring and Maxwell
model. The experimental of stress relaxation was carried out using a tensile tester with a solvent
chamber. The determination of relaxation spectra was performed by computer calculation. From the
relaxation spectra, the fine structures, viscoelastic properties and hole volumes of solid polymers were
studied. It was observed that the relaxation spectra of these samples were directly related to the distribution
of molecular weights and self diffusions of flow segments.

Keywords: Ree—Eyring and Maxwell model, relaxation spectrum equation, tensile tester, polyacrylonitrile—
poly (vinyl chloride) copolymer, viscoelastic properties.
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Table 1. The Values of Gy, Gy, ozand Sof Polyacrylonitrile-Poly(vinyl
chloride) Copolymers Filament Fibers (Sample A) at Various
Temperatures

Temperature (C)

Parameters Solvents 10 20 30 10

Gx107° 2431 2368 2231 2031
Gx107 Al 4342 3597 3342 2732
ax 10" T 1112 2546 3142 3.257
px107° 2.326 1946 1546  1.213
Gx107° 3.431 3368 3231 3.043
(x107*  Distilled 3.252 2597 2342 2.022
ax10" water  1.342 2423 2742 3.142
px107° 1546 1467 1256  0.846

G, Gy N/m% a: mYN; B sec.

Table 2. The Values of G}, G,, & and [ of Polyacrylonitrile-Poly
(vinyl chloride) Copolymers and Poly(vinyl chloride) Filament
Fibers in 20 C Air and Water

Samples

Parameters  Solvents A B C D
G %1078 2.368  2.456 1.864 1.369
Gy%x 1078 Aj 3.597 3.123 2532 1.784
ax 107 r 2.546  2.785 2.895  2.864
SX 107° 1.946 1974 1584 1436
G %1078 3.368 2956 2.364 1.969
G,%x1078 Distilled 2.597 2.323 2.032 1.784
ax107 water 2.423 2.355 2225 2.186
pX 107 1.467 1.297 1.084 0.843

G, Gy : N/m% a: m*/N; B sec.
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Figure 1. Relaxation spectra H(f) —relaxation time Inf(sec) of
polyacrylonitrile— poly (vinyl chloride) copolymer filament fibers
A(®); B(l); C(A); D(X) inair at 10 C.
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Figure 2. Relaxation spectra H(f) —relaxation time Inf(sec) of

polyacrylonitrile— poly (vinyl chloride) copolymer filament fibers
A(®); B(l); C(A); D(X) in air at 30 C.
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Figure 3. Relaxation spectra H(f) —relaxation time Inf(sec) of

polyacrylonitrile— poly (vinyl chloride) copolymer filament fibers
A(®); B(l); C(a); D(X) in water at 10 C.
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Figure 4. Relaxation spectra H(f —relaxation time InfB(sec) of
polyacrylonitrile— poly (vinyl chloride) copolymer filament fibers
A(®); B(W ; C(A); D(X) in water at 30 C.
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Figure 5. Relaxation spectra H(# —relaxation time InfB(sec) of

polyacrylonitrile— poly (vinyl chloride) copolymer filament fibers
Ainairat 10 CT(4); 20 C(H); 30 T(A); 40 T(X).
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Figure 6. Relaxation spectra H(f) —relaxation time Inf(sec) of
polyacrylonitrile— poly (vinyl chloride) copolymer filament fibers
Cinair at 10 C(4); 20 T(H); 30 C(A); 40 T(X).
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Figure 7. Relaxation spectra H(f) —relaxation time Inf (sec) of

polyacrylonitrile— poly (vinyl chloride) copolymer filament fibers

A in water at 10 C(4); 20 C(H); 30 C(A); 40 T(X).
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Figure 8. Relaxation spectra H(f) —relaxation time Inf(sec) of
polyacrylonitrile— poly (vinyl chloride) copolymer filament fibers
Cinwater at 10 C(4); 20 C(H); 30 T(A); 40 T(X).

HE vEhiglom, HAAR] A3k 171 Folkel visssA 250
whe hIAIZE go) shift7h o 7] LR, AAE7} CAlE R &
Eo] s Y A B eE & 7 Atk

ARSI A= =R

PERAEY S YA B, ARl HEsle] T, st

dAI EAR WAE 7L Sl SAIAQL sletelelt). nlebA

P AE o mRE| TAY BAF BE, FER AR
RE, T P59 BE 5 Aol sFsstele ARse, olefdt A
7 AR A Fel itk



Polyacrylonitrile—Poly (vinyl chloride) &5 & $SAHERH ] A7) o] 242l

2 E

HIAEY ek uwa 249 S5 estse) esladER el gt o]
AR ATE flete] v SsiAdEY] Rl RE
o]EARI A& friEskal gH¢ksl H3s A gate] dskadEY |
313tk Ree—Eyring and Maxwell EAZHE 5% 9]
2291 gl HER Ao 1Al 3 EAe] AAQl St =
g Ag3lo] el dERS At} ksl HEY ARES- Laplace
W S ARESE HFE] 2R IS o] 883l 478419 poly —
acrylonitrile—poly (vinyl chloride) 358 A-F 52 229k
o] ful7]9} BReE HAA] 27 1 A71E ARGSte] A
Ao dojxirt e ARgst AlE5S FTIRY EitA71(TGA)
2 gxst d s BAsIgloH, efadERS 2Tt
H@ #el 21, SR g7 2R gho shift®= s
th ZF AEES A2elM ] 7 37] SelAe] esiadE
7] & Rrhs 2504 B2 8 @ o= QI8 HP) #k2 A1,
SIARE g7} 2R FROE shiftHle S B 7 9lth 7] T 9 2
SolXE 2F AlRe] SEiAAER] a7} v]ssst JElE vERA]RE
257 ARTE A, B, C, DAIRS] A2 gehrtlo] 2k Zo= 3
HeHA| L=, S/ FolME BEE] JEo= 3] F Bt
U 22 AsiAle] W AHERS ZHet) 25 dsladERe
7} AE7F $EA0R 10 Tolld 20 T2 b w) 2~2Eq] Bt
A HeolAH, 20 C ol delr= vkt Zopxitt

i
\

iz
o
Mo, off %0 J

E

o
¢

10.
11.
12.
13.
14.

15.
16.

17.

18.
19.

20.

237

ki
e

=
S

et

. B. H. Bersted, J. Appl. Polym. Soc., 19, 2167 (1975).

. M. Shida and R. N. Shroff, 7rans. Soc. Rheology, 14, 605
(1970).

. J. Honerkamp and J. Weese, Macromolecules, 22, 4372
(1989)

. R. H. Blanc, Rheol. Acta, 27, 482 (1988).

. J. D. Ferry, Viscoelastic Properties of Polymers, 3rd ed.,
Wiley, New York, 1980.

. R. D. Andrews and A. V. Tovolsky, J. Polym. Sci, 7, 221
(1950).

. T. L. Smith, /. Polym. Sci,, 20, 89 (1956).

. S. J. Hahn, T. Ree, and H. Eyring, in Non—Crystalline
Solids, V. D. Frechette, Editor, John Wiley, New York,
pp.297-361 (1960).

. K. Morimoto and T. Suzuki, Polym. Eng. Sci, 24, 1000 (1984).

C. Elster, J. Honercamp, and J. Weese, Rheol Acta, 31,

161 (1992).

J. Honercamp and J. Weese, Rheol. Acta, 32, 65 (1993).

1. V. Yannas, J. Polym. Sci,, Macro. Rev., 9, 163 (1974).

M. Baumgaertel and H. H. Winter, Rheol. Acta, 28, 511

(1989).

M. Baumgaertel, A. Schausberger, and H. H. Winter, Rheol.

Acta, 29, 400 (1990).

N. Orbey and M. D. Dealy, J. Rheol., 35, 30 (1991).

N. J. Kim, E. R. Kim, and S. J. Hahn, Bull. Korean Chem.

Soc., 13, 413 (1992).

N. J. Kim, E. R. Kim, and S. J. Hahn, Bull. Korean Chem.

Soc., 12, 468 (1991).

N. J. Kim, J. Korean Chem. Soc., 50, 196 (2006).

E. B. Chakraa, J. C. Barrioza, D. Mazuyera, F. Jarniasb, and

A. Bouffetb, Tribology International, 43, 1674 (2010).

J. J. M. Baltussen and M. G. Northoltb, Polyvmer, 45, 1717
(2004).

Polymer (Korea), Vol. 35, No. 3, 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /Batang
    /BatangChe
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-Roman
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /ExpoM-HM
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicB-HM
    /GothicR-HM
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GraphicSansB-HM
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprB
    /H2gprM
    /H2gsrB
    /H2gtrB
    /H2gtrE
    /H2gtrL
    /H2gtrM
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadlineR-HM
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Extra
    /HYgprM
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYmjrE
    /HYmprL
    /HYnamB
    /HYnamL
    /HYnamM
    /HYporM
    /HYsanB
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYtbrB
    /HYwulB
    /HYwulM
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /Mangal-Regular
    /MeorimyungjoXB-HM
    /MicrosoftSansSerif
    /MingLiU
    /MoeumTR-HM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyungjoR-HM
    /NewGulim
    /NSimSun
    /OCRAExtended
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PMingLiU
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YetR-HM
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /Arial-BlackItalic
    /ArialUnicodeMS
    /TimesNewRomanMT-ExtraBold
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 807.874]
>> setpagedevice


