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Ethylene Glycol, 1,4-Cyclohexane Dimethanol, Isosorbide2} Terephthalic AcidZ
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Abstract: Characterization of a series of bio-based terpolymers containing various amounts of ethylene glycol, 1,4-cyclo-
hexylene dimethanol, and isosorbide units were studied by '"H NMR and >C NMR. The NMR results revealed that they
had all random microstructures and that their sequence distribution was affected by the content of isosorbide. From DSC
data for the terpolymer series investigated, it was observed that the glass transition temperature increased mainly as the
content of isosorbide increased. The glass transition temperatures of terpolymers were estimated from the composition
by extended Fox equation.
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Figure 1. Structure of PECIT.
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Figure 2. "H NMR spectra of PECIT terpolymers with peak assign-
ments.

Table 1. Compositions and 7, of Copolymers

Copolymer
Material Sample code  composition” T, (°C)
(E/CMy

Copolymers E70C3010 70/30/0 81.0
E70C0130 75/0/25 105.4

Terpolymers E70C2515 72/24/4 84.3
E70C20110 73/19/8 884

E70CI15I15 74/14/12 91.4

E70C10120 74/9/17 95.2

E70C5125 75/4/21 100.1

“Composition determined by 'H NMR.
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Figure 3. Composition analysis of PECIT terpolymers as a function
of glass transition temperatures.
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Figure 4. °C NMR spectra of PECIT terpolymers corresponding to
the nonprotonated aromatic carbons.
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Table 2. Dyads of PECIT Terpolymers

Dyad code Structure of dyads Dyad fraction”
EE EG-TPA-EG JeE
CcC CHDM-TPA-CHDM fee
I ISB-TPA-ISB Ju
EC EG-TPA-CHDM Jrc
CI CHDM-TPA-ISB fa
IE ISB-TPA-EG S

“fec, for and fi; stand for the fractions of EC+CE, CI+IC and IE+EI,
respectively.
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Table 3. Dyad mol% of PECIT Terpolymers

371

Dyads(mol%)
Sample code
fee  Jec Ju fee  fa Jie
E70C25I15 52 6 0.2 35 2 6
E70C20110 53 4 0.6 28 3 12
E70C15115 55 2 1 21 3 18
E70C10120 55 0.8 3 13 3 25
E70C5125 56 0.2 4 6 2 32
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Figure 5. Dyad contents of PECIT terpolymers as a function of
glass transition temperature.
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Table 4. Sequence Length and Randomness of PECIT
Terpolymers

Average sequence lengths Degree of
Sample code randomness
ngr ncr mr R
E70C25I5 3.6 1.3 1.0 2.05
E70C20110 3.7 1.2 1.1 2.01
E70C15115 3.8 1.2 1.1 2.01
E70C10120 3.8 1.1 1.2 2.01
E70C5125 4.0 1.0 1.3 2.02
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Figure 6. Number average sequence lengths and glass transition
temperatures of PECIT terpolymers as a function of monomer con-
tent.
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Figure 7. 1/T, vs. ISB fraction for PECIT terpolymers at constant
EG content (70 mol%).
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Figure 8. Glass transition temperatures of PECIT terpolymers with
the compositions.

50| PITS 4ste] S8 el 147~205 °CoF* B]ans]
2 dAske v @A el mE fEldol2ee] A5
of &8x=7 } o2} Al

A AR GRE T 2 270 L% 2 Figure 8¢

Yoon ’:o] 12 data@r S Bl EAIET o] X Fel E4
=4 52 255 Yeillsd g5 ISBe] &kl 71
Z3E & 4 9o ISB &3] 7l et felddolen
7t 7P Bl Sk As € 5 IdTh

4 £

ATRS| —s}gc} ;L}.Préi ZA7} PECITS &

o2 AEATt DSCE ©]-8-3}
a7 E49< %}0}1 7Ur WWM%EE ISB o] 5
7} gkl whel F7Fstaith. S Fox 21& ©]-&3te EG,
CHDM, ISB 3ol we °?4X4°]%E§ of| &g & AUt
PECIT 29l F=3A7F o 2 feldol2Es 2 a17]
°]6HH~ Eﬂ 71 ISB-TPA DHH A2~ Zol7t Hashy o]
z]—g]_ci s OHO}; §l—1’;}_j/_

ﬂJlﬂJ o
:d
N
>,\I

Polymer(Korea), Vol. 39, No. 2, 2015



292 oFE

ZARe] 2: o] AFE 20149 % Ttk hEkdH] #
Ho g AFEASFANE123313).
danes

. C. Japu, A. M. de llarduya, A. Alla, and S. Munoz-Guerra,
Polymer, 55, 2294 (2014).

. N. Guo, D. Hu, H. Wang, R. Wang, and Y. Xiong, Polym. Bull.,
70, 3031 (2013).

. G. Moad, A. Groth, M. S. O'Shea, J. Rosalie, R. D. Trozer, and
G. Peeters, Macromol. Symp., 202, 37 (2003).

. T-M. Wu, C.-C. Chang, and T. L. Yu, Polym. Phys., 19, 2515
(2000).

. R. T. Neill and D. S. McWilliams, U.S. Patent 20140010982 A1
(2004).

. S. R. Turner, R. W. Seymour, and J. R. Dombroski, Modern
Polyesters: Chemistry and Technology of Polyesters and
Copolyester, J. Scheirs and T. E. Long, Editors, John Wiley &
Sons, Ltd., Chapter 7 (2003).

. D. R. Kelsey, B. M. Scardino, J. S. Grebowicz, and H. H. Chuah,
Macromolecules, 33, 5810 (2000).

. C. J. Brandenburg and R. A. Hayes, U.S. Patent 2003020429
(2003).

. R. Quintana, A. M. de Ilarduya, A. Alla, and S. Munoz-Guerra,

Zan, #3948 A23, 20153

371

- g

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

J. Polym. Sci., Part A: Polym. Chem., 49, 2252 (2011).

H. Shirali, M. Rafizadeh, and F. A. Taromi, J. Compos. Mater.,
48, 301 (2014).

N. Gonzalez-Vidal, A. M. de llarduya, and S. Munoz-Guerra, J.
Polym. Sci., Part A: Polym. Chem., 47, 5954 (2009).

W. J. Yoon, S. Y. Hwang, J. M. Koo, Y. J. Lee, S. U. Lee, and S.
S. Im, Macromolecules, 46, 7219 (2013).

W. J. Yoon, K. S. Oh, J. M. Koo, J. R. Kim, K. J. Lee, S. U. Lee,
and S. S. Im, Macromolecules, 46, 2930 (2013).

W. S. Trahanovsky and Y. Wang, Fuel. Chem. Div. Prep., 47, 368
(2002).

Y. Zhu, M. Durand, V. Molinier, and J.-M. Aubry, Green Chem.,
10, 532 (2008).

R. Quintana, A. M. de llarduya, A. Alla, and S. M. Guerra, High
Perform. Polym., 24, 24 (2012).

A. M. Aerdts, K. L. L. Ersels, and G. Groeninckx, Macromolecules,
29, 1041 (1996).

J. Thiem and H. Lueders, Starch/Staerke, 36, 170 (1984).

J. Thiem and H. Lueders, Polym. Bull., 11, 365 (1984).

D. Braun and M. Bergmann, J. Fur Praktische Chemie-chemiker-
zeitung, 334, 298 (1992).

R. Storbeck, M. Rehahn, and M. Ballauft, Makromol. Chem.,
194, 53 (1993).

H. R. Kricheldorf, G. Behnken, and M. Sell, J. Macromol. Sci.,
Part A: Pure Appl. Chem., 44, 679 (2007).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


