Polymer(Korea), Vol. 38, No. 5, pp. 596-601
http://dx.doi.org/10.7317/pk.2014.38.5.596

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

WS 7} ZEHEl YIlad ERMA| Poly(ether-b-amide)e] B U S
OIX|E - HES'
T st T 3t Al T AT
(2014 2¢ 59 HF, 20149 49 8 4%, 20149 49 8YU A

Synthesis and Characterization of Thermoplastic Elastomer Poly(ether-b-amide)
Containing Aromatic Moiety

Ji Hun Lee and Hyung Joong Kim'

Major in Polymer Engineering, Dept. of Adv. Material Eng., Kongju National University,
275 Budae-dong, Cheonan 330-717, Korea

(Received February 5, 2014; Revised April 8, 2014; Accepted April 8, 2014)

hard segment= 3}2L PTM
4% PEBA9
2 HEAR 71AH
PEBAS?] §8&5s

(SRS it By oy

=

Zgksla BExjagko] 28 H polyamide(PA) 22| ™S 4-aminobenzoic acid®} 12-aminododecanoic
3HATE o] EE|IHE o8] BARFY polytetramethylene glycol(PTMG)3
soft segment® k= 74 BHAIAIZA poly(ether-b-amide)(PEBA)S A Z 31T
ZE FTIRZ 'H NMRZ 13519001 DSCS UTME AME-31¢] hard segmente] F-2xi3}ol] u}
Aol Wske vas) 2 A3 WIS 725 30%7H4
o33 %7] modulus®} strengthi=

=Hstel PAS

Zaksk

o A7%de] #s} gle]

H =AYt

Abstract: Polyamide (PA) oligomers, which are the hard segment of poly(ether-b/ock-amide) (PEBA), presenting ther-
moplastic and high performance elastomeric properties were prepared by polycondensation between 4-aminobenzoic acid
and 12-aminododecanoic acid. Subsequently PEBAs were obtained by addition polymerization of the PA oligomers and
various molecular weights of poly(tetramethylene glycol) (PTMG). The structure of the final PEBA was identified by
using FTIR and '"H NMR and the thermal properties depending on changes in the structure of hard segment were col-
lected by using DSC and UTM analysis. As the results, the melt temperature (7;,), the initial modulus, and the maximum
strength of PEBAs increased with an increase in aromatic moiety up to 30% without reducing crystallinity.

Keywords: oligomer, polyamide 12, w-amino carboxylic acid, poly(ether-b-amide), thermoplastic elastomer.

A7t EHAd A (thermoplastic elastomer, TPE)E 3L5-2]

BAR olFold MR 24 BAE o RNE Yor
24 e 2 AR7kgel 7P dxlols aRel Hep
29 4L A AU 7] WEe] S5e Bed 5
o] apsls mRAAS] TR AZAR

M E

TPE 522 thgsiA| AlEst=o] 7i= it

e A7k FA O gk 7S Al 2 Qe £ o]F3L polyether polyolZ soft segmentS TA3tE &=
e aAjoltt. o] 54 2EY9ddA BE 7 BF T JAE o] TS AIs] 2AFTOEN ot 54
Z A == hard segment®} soft segmentE /3= ©]4 S TR E ArtAA BAAE A2 £ Y E35)

segment?] PA7} TPE®] &3], 71414 A4l a3t 4
=t} Hard segment= &HH <21 2F 800~5000
9]0

22l PA L IHE AL

=
A= &+

J
=

o)
AA .

27 TPE, Z&]92H 24 TPE, PVCAl TPE, polyamideZ

£3] polyamide(PAYAl TPE= Z274J2] PA7} hard segment

Aom PA |3l 23]
Al TPES] &40 2¢-57] wjite] PA 2]arme] 2o o

7t Al E 29 9A TPE 2 2394 TPV(thermo-
plastic vulcanizate), Z~E]@lA|] TPE, $-2¥tA] TPE(TPU), &

"To whom correspondence should be addressed.
E-mail: hyungjk@kongju.ac.kr

596

s A-gk AAe} Alx 7] AT Bol A=E AL QlTh

2 AollA= TPES] 84, 71414 84 ¢S flstd
hard segmentQ] PASl TSt B e AES = WS
ZE ESlete] Bt &, RS 728 g 23eka 24

o] 24 ¥ polyamidel2(PA12) =] 22™ME 4-aminobenzoic

o
=



ek 7} 8 Grkavd ©9A Poly(ether-b-amide)e] 34 2 4 597

acid®} 12-aminododecanoic acidE ©|-&3f] Egtgo = 3t
/33Tt o] PA E|IHE FUTol| o] RAJORI E(-NCO)
Z+2-7]1E ZF= poly(tetramethylene glycol)(PTMG)$} 715
Felo] WS P25 AN 23 s PAI2 8|79 E hard
segment= 3} polyether polyols soft segment= = poly
(ether-b-amide)(PEBAYS €714 BHIAZ Azt &
gk o]HA GE A EF, 71A1F 58S st
TPEEA 9] & 7FsAS Lottt

Al
=

ot

ME. PAI2 S22 Az AHEE 712 A= 12-
aminododecanoic acid(12-ADAYS TCIA [l 4 ske] A
glo] ARSIt EAlg 28-S 98l AHE-El 4,4'-methylene
bis(cyclohexyl amine)MC)y= TCIAPIIA Y 3te] A Qlo]
At atoll AAxg & ARESIATE g W 72 EYS
%13l 4-aminobenzoic acid(ABA)E AldrichAtZF-E s}
o] A\ ste] AME-3FA T PEBAS] soft segments 1-d 3=
polyolZ+= BASFAFo| A ¥ 1S polyetherd poly(tetra-
methylene glycol)(PTMG)?! PolyTHF2000*(PTMG2000)2
SHF o)A 7]f A3 T ARE-5F T Isophorone diiso-
cyanate(IPDI) = TCIAFZH-EH FY3te] Algs o
isocyanate terminated polyol®] A|ZZE $]3F Zvf <l dibutyl
tin dilaurate (DBTDL)= AldrichA 258 F43le] A ¢l
o] ARE-3I . 3t Sl 2= N-methyl-2-pyrrolidone(NMP)
£ JUNSEWRIEFE] Fiste] A glo] A&ttt

PA12 22|110{(oPA) &Y. Figure 12 PAI2 28]321H <]
aﬂ-/\% u}.g_)al o];} ;xﬂxq o] 6]—/\‘] _.JFZJ e} q__ _.Jr 7h:} 4-neck
resin kettle®]] thermometer, mechanical stirrerg “328taL oil
baths °|-&-ste] 718sta o, /9] Y3 vk Al A4

Table 1. Theoretical Molecular Weights of PA Oligomers
Prepared by Various Molar Ratios of Monomers

Sample Molar ratio of Mo heo
MC/12-ADA/ABA (g/mol)
oPA 1/9/0 1986
oPA10 1/9/1 2105
0PA20 1/8/2 2027
oPA30 1/7/4 2068
oPAS50 1/5/7 2031
oPA80 13/12 2232
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Figure 1. Reaction scheme of step polymerization for amine terminated PA oligomer.
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Figure 2. Preparation of isocyanate terminated PTMG2000.
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Figure 3. Preparation of PEBA with NCO terminated PTMG and PA oligomer.

wekE 7t = E PEBAQ| BHY. A=t W &
£ e PAI2 8]32™E hard segment® S}al isocyanate
terminated PTMG20002- soft segmentZ 3= PEBAE A%
SIAT). Figure 32 W3 25 =98 PEBAS] WH3-2]0]
o} FAAR] 4 HH S v 2T} 3-neck flaskel] &%
FAFSEaL oil baths ©]-&-3te] 7HFEHES slal W
S T IEE A AXE AT A Az
£719l NMPol 110~120 °CollA] 3] 48212
& H]9] isocyanate terminated PTMG20002- S+ 5}
QSR § HEFH R SN ES

o} FN7) olE clAlESR A2 slo] PEBA

g

i ofN 8 o bl N
fSog b
= o N
2 ! i 01.10
C W
i

e
32
ﬂl —

T= &0, Perkin ElmerAke] FTIR spectrum 10003 AR
oo} 25 RIS Al & 4ol 7t
KRS-5 t]2== 9ol $¥Al castingsli 2, ZE A
2 KBrZ U223 E TH50] spectrumes AU
FE spectrum: resolution 2 cm™Z 4000-400 cm™e] G <ol
A1 243] scandte] AATE H3F oS et Lo} WS
T3] S 98] 'H NMR(AVANCE 111 400 MHz)S
ARSI ol Sl trifluoroacetic acid-d'S ARE-3h
At

AX SN EM. TA Instrumenti}2] Q20(DSC)E A4}
o ARH9YG9 &825(T,)¢F &8 AT UH)E 43
o} 2t A5 A9 Q) QEA FES| XA FHOH
4 2% 9= -80~200°C, T £5= 10 °C/ming A4
9171 sl A4 s3dT

AN 24 -, 71A14 244 SH S S8 77
2.6 mm, U7} 5.8 mm, Z°] 35mmZ dog-boneF EN ] A
AL AetAar, AL 10mm/minZ 3t AF7FE 2
AAE-S 243} QA== HounsfieldA k2] HI0KS T+
5418 7] (universal testing machine, UTM)E ©]-&-3}3t}.

HHEXE 3. 2] 29S8 ARE-S] amine 2H87]
o] e =43l A PAIR T AHES] FHFEA}
FM)S AT TR SRS 23} 2} A
ZFEef2A0] AlRE 0.2 g AFSIAL hole pipette® = benzyl
alcohol 25 mLE Y-S & 255 &9 1587 w7t &

%'
AR ]
oX,

O q
Mo rlo
phU)

o &

N

Zan, #4384 A|55, 20143

As] A E7FEHE § 2EE FROE Yo ARl
bromophenol blue §4-& 2~34-& Hojg] 0.1 N HCIZ %
EXo] UYehhe 37 A4t 27843 wet of
#o] Aog Atete] HF FRAEAFS 28

1000xn(EHER 24 Be7] 7)57)xsample F-7(g)

M,=
2749 M 55 (mL/N)xH A& 73 (mL)

2¥Y BN, E &5 35l 284 BHS Sl
XA FHEEA7IE o] &35tk XRD=  RigakuAte
MiniFlex600 &S ARE-8I1 O™ X-ray generator= 600 W
(40 kV-15mA)°|™ scanning rage= 3~50 °C, scanning speed
E 2°C/mino-2 =433

[

3 3 g8

oPA2| 1= &0I. Figure 4= PA12 22]37™2] IR spectrum
o|t}. PAS] £4] 9321 3307 cm'(N-H stretching), 1645 cm™
(C=0 amide stretching), 1544.6 cm™(N-H bending and C-N
amide stretching)oll X EFui=e] E2A 7 122 15k
t}. B3] WekE 120 ABA7F £3HE PA A WEEE E
23 321 1604, 1485 cm™(C=C aromatic bending), 807 cm™

N-H c=0

(3307¢m?) (1645cm)
MM/\M
oPA10
oPA20
oPA30

Absorbance

oPA80
C=C(aromatic)

C-H(aromatic)
(1604, 1485cm™?)

(807cm™)

T T T

4000 3000 2000 1000

Wavenumber(cm™)

Figure 4. FTIR spectra of oPAs.
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Figure 5. '"H NMR spectrum of oPA30.
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Figure 6. FTIR spectra of PTMG2000 and isocyanate terminated
PTMG2000.
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Figure 7. FTIR spectra of PEBAs.

bending)’t EAshe A o2 SRl m} o] AHF2e
2 o]FoHTAL AAXI

OPAS| X &ol. Table 2= PA 22|H <] 3
Abat ek b gl d Zlolth o] &4 Ak
AL Eof Lokl EA=F % 'H NMR 45 &3l =<1
Ex}2Fo] 2000 g/molollA] ZA] Blojux] ekar 3t
A ol G WS Fdo] AA BYE olEwF dA
© A0E Hol o] HFAH R o] FojHrhal AtE)

X EM &0l Figure 8 W= %21 4-aminobenzoic
acid Fstel] wE PA12 232 2] DSC thermogram®]
T} Table 3= W PAC) W= 728 T 9FAE 30%
e =e A5 EARkEe] BS detelzl Bl 7,7
AHZ} 287} S7FsISiTh. SRR, 50 mol% o1 $HTEIE
G 238 T, AH°o] DoAth 2 o= B ¢l
= F27F EYEO RN Q35]Y opm=r)of| o3 4
Jallate] A74/8S ol At AY7bert. §H, Figure
9= WS 2921 4-aminobenzoic acid®] FHS WHIIA|A

l"
AL

£

O Hr o 2

¥
1.

oz
tlo ot oM,

|
ot

Table 2. Theoretical and Analysed Contents of Aromatic
Structures and Average Molecular Weights of PA Oligomers

Content of aromatic

structure (mol%) Mg Moo Myt

Sample Theoretical Calculated by (&/mol)  (g/mol)  (g/mol)
content 'H NMR

oPA 0 0 1986 2132 2098
oPA10 9 10.1 2105 2209 2279
oPA20 18 17.2 2027 2018 1988
oPA30 33 34.2 2068 2111 2075
oPAS0 54 51.8 2031 1992 1953
oPA80 75 68.9 2232 2001 1976

“Theoretical molecular weight. *Obtained by titration. “Obtained by
'H NMR.
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Figure 8. DSC thermograms of PA12 oligomers.
Table 3. Melting Temperature (7,) and Enthalpy of Crystal
Fusion (4H) of oPA and PEBA
oPA PEBA

[ (°C)  4H(lg) T, (°C)  4AH (/g)

PEBAX® - - 159.3 154
oPA 166.1 489 159.8 16.5
oPA10 167.2 54.1 161.6 16.5
0PA20 168.6 57.6 164.6 16.9
oPA30 167.4 58.7 167.0 18.4
0PA50 158.6 387 158.1 112
oPA80 147.5 234 147.5 9.1
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Figure 9. DSC thermograms of PEBAs.
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Figure 10. XRD patterns of PEBAs.
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Figure 11. Stress-strain curves of PEBAs.

Table 4. Initial Modulus, Tensile Strength and Strain at Break
of PEBA

Initial modulus Tensile strength ~ Strain at break

(MPa) (MPa) (%)

PEBAX® 0.34 15.67 510.85
oPA 0.53 16.63 414.29
oPA10 0.47 21.82 577.14
oPA20 0.57 22.01 611.43
oPA30 1.60 17.09 360.00
oPA50 0.19 18.41 934.85
oPA80 0.15 10.32 823.54

Sk /d4e] PA &8]3 FHEo] soft matrix®} B F5
Al 219 hard domainS A5k B} $53 el g
= 584 7ty 988 ota e 2HE B

4 =

WIS 725 7HE AEL FEe PALR S E &
J3lal o]5 PAI2 22]32HE hard segmentZ Sla. PTMGES
soft segment® = £5 ¥ YA E AZXsHoH €4 &
4, 71A1A B4 5o AAEFE Gk ©ARY &
7Fs/doll el dokE A3 ofefje} 1 AES ATh

TS Fok WIS 2 =€ PAR &3
o] FAJo] AFA R o]FojFom SAE Ao o|&F

AR 23S SIS g WS 2] EYL
2 ksl S ddsixl stel| 7,3 AaH7t ofzF S7Yet
= Ao® Yeisith 283 B x gEe] SR
rerystal forme] S7kske 218 g1 = UATh

O] EEFH ¥ PEBA HA| Hl=dF 20 A stE
PAZAl €714/ B9l PEBAX®S} Bl a3 S wl oPA302]
T8 F 7°C A% Eokl v W= ehde] 50 mol% ©1 %
A AS 2318 T, AH= sk 43S UERih

71A1A 248 AzE PEBASC| Was 39| 3
zpol= AAATE HNHH 0 & PEBAX® Ol HlE] -3 27
BAE B A IR, 1SS YEllleT ols W
= 722 ¥ B2 2237 o 9dsla matrixe)
ga1A HEelE hard domaing FAJste] B} 973 €4
s vehlle =214 7l 982 ol 29E &

o)
AA .

AEH o2 WS 25 I3 PA129} PTMGE 7]
S =2 Sk= PEBA @714 ©AIE AHS d=fA9 ¥
T ZAAE ol g3l AlYE HFEAe 2 E X
slal o) & B3l AE¥Hoz Az F A Edl o]E9]
712] AgslE PAIAl E71AA e AO vlEl] 95t 7]
AR e 43 4ES JepdS s

oL O =

Ak b

oL

=g

G
ror

1. J. P. Sheth, J. Xu, and G. L. Wikes, Polymer, 44, 743 (2003).

2. G Holdn, N. R. Legge, R. P. Quirk, and H. E. Schroedder,
Thermopistic Elastomers, 2" Ed., Immergut & Glober, New
York, 1996.

3. D. H. Kim, J. H. Lee, and H. J. Kim, Polymer(Korea), 36, 513
(2012).

4. H. M. Jeong, S. W. Moon, J. Y. Jho, and T. O. Ahn, Polymer
(Korea), 20, 823 (1996).

5. M. Peyravi, A. A. Babaluo, M. A. Ardestani, M. K. Razavi
Aghjeh, S. R. Pishghadam, and P. Hadi, J. Appl. Polym. Sci., 118,
1211 (2010).

6. T. H. Kim, J. S. Lee, and K. J. Kim, J. Korean Fiber Society, 41,
458 (2004).

7. A. Boulares, M. Tessier, and E. Marechal, Polymer, 41, 3561
(2000).

8. Y. Song, H. Yamamoto, and N. Etomo, Macromolecules, 37,
6219 (2004).

9. K. S. Lee, M. C. Choi, S. M. Kim, and Y. W. Chang, Elast.
Compos., 45, 156 (2010).

10. F. X. Lin, Y. F. Zou, X. L. Luo, Y. H. Huang, and G. F. Zhou,
Polym. Mater. Sci. Eng., 8, 50 (1992).

11. R.J. Gaymans, P. Schwering, and J. L. de Haan, Polymer, 30, 974
(1989).

12. P. F. van Hutten, E. Walch, A. H. M. Veeken, and R. J. Gaymans,
Polymer, 31, 524 (1990).

Polymer(Korea), Vol. 38, No. 5, 2014




<<
  /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


