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Abstract: PA12/montmorillonite (MMT) nanocomposites (M-PA), polyamide12 (PA12) oligomers intercalated into the
crystalline layers of MMT, were synthesized by in-situ polymerization with 4,4'-methylene bis(cyclohexyl amine), 12-
aminododecanoic acid, and MMT. Poly(ether-h-amide) (PEBA)/MMT nanocomposites (C-PEBA) consisting of crys-
talline hard segment and amorphous soft segment from M-PA block and PTMG block repectively were prepared with
M-PA and isocyanate terminated poly(tetramethylene glycol) prepolymer by hexamethylene diisocyanate (HDI). As a
result, the crystalline melting enthalpy increased up to 5 wt% and then decreased with increasing the MMT content. The
maximum strain and strength of the C-PEBA were shown at 3 wt% of MMT content and the values were larger than
those of the control PEBA (B-PEBA), simply MMT blended one. However, the permanent setting of C-PEBA decreased
with increasing the MMT content, especially at more than 5 wt%, similar to or less than those of Pebax® commercialized
PEBA and a typical polyurethane thermoplastic elastomer (TPU).

Keywords: polyamidel2, thermoplastic elastomer, montmorillonite, nanocomposite, in-situ, poly(ether-b-amide).
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PA12/MMT composites (M-PA)

Figure 1. Synthesis of PA12 oligomer/MMT composites.
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Figure 2. Preparation of isocyanate terminated PTMG.
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Figure 3. Preparation of PA12/MMT PEBA.
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Figure 4. FTIR spectra of MMT and M-PAs.
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Figure 5. FTIR spectra of isocyanate terminated PTMG and C-
PEBA.
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Table 1. Number Average Molecular Weights of PA12/MMT
Composites

Molar ratio

Sample + A/[n,lhena Ml,nbsa

MC/ADA N -MMT - (g/mol)  (g/mol)

(mol%)

M-PA 0 1/4 0 1140.5
M-PA 0.5 1/4 0.5(9) 1105.9
M-PA 1 1/4 1(16) 0907 1102.6
M-PA 3 1/4 3(42) ’ 1109.3
M-PA 5 1/4 5(50) 1109.1
M-PA 10 1/4 10(67) 1105.1

“Theoretical molecular weight. *Obtained by titration.
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Figure 6. XRD patterns of M-PAs.

Hrie A3 FEeA =UA] Ut ol = MMT2 3
in-situ FIHOZ PA12 SBIHE IS 7 MMT &
7tol] PA129] A 37} W MMT E==0) 93k g3
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3kE PA12 &2]a2#E2] DSC thermogram®]aL Table 201 Z}
AEZHE e T3 AHS] A3E AElste] sUth. MMT
o] ghepo] 7Kgl Wt T2 3~4°C A% 53l ot AH
= MMT7 3 wit% 8= H3std W& o2 S7hsith
Fdhe AES YERT o] MMT7ZF PA12 2231w
HEHA] AFgdol] of st E3tslz BArEe] 22 o] gt
o] f gzl 832 7,2 Z718laL FAl0] °]& MMT
7} §7] A4 filler® 9EC] A ZA 2g3te] PAI2 &
gl e] Aol Skl AHZE S7FI o Yt < o]
g H71EE Q38 BEwER FEsie] AFAo] Woix AH
7} ZHashe ZoE e

S| Figure 82 M-PAS} isocyanate terminated PTMGZ
M43 C-PEBAS(C-0~C-10) PEBAY] MMTZ = £l
3} B-PEBA(B-1. B3)2] DSC thermogram©] 3 Table 3°i|
7 NEZFE A& 7.3 AHS] AFE Asle] E3UTH M-
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Figure 7. DSC thermograms of M-PAs.

Table 2. Crystalline Melting Temperature (7,) and Fusion
Enthalphy (AH) of M-PA

Sample T (°C) AH (J/g)
M-PA 0 164.5 51.7
M-PA 0.5 167.2 724
M-PA 1 167.9 76.5
M-PA 3 168.5 81.6
M-PA 5 167.5 65.1
M-PA 10 167.7 41.1

Polymer(Korea), Vol. 40, No. 4, 2016



640 2E=
o T/ 1550
c05 T~/ 1366C
= c1 T/ 174
2
z c3 \/_158.1'(3
[
g c5 \/_159.4°c
T
c-10 AT
— ——— e |
B-1 ~_ 1z
— —_————
B-3 T 1535%C

T T T T
100 120 140 160 180 200

Temperature (°C)

Figure 8. DSC thermograms of composites and MMT blends.

Table 3. Melting Temperature (7,,) and Enthalpy of Fusion
(AH) of C-PEBA (C-#) and B-PEBA (B-#)

Sample T, (°C) AH (J/g)

C-0*(0) 155.9 7.3
C-0.5(0.12) 156.6 8.6
C-1(0.26) 157.4 10.8
C-3(0.73) 158.1 13.1
C-5(1.04) 159.4 13.9
C-10(2.49) 158.7 12.7
B-1(0.25) 154.2 8.2
B-3(0.76) 153.5 11.8

*(): wt% of MMT in total PEBA copolymer.
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% T2 AH= soft 521 polyether 2T} hard £521 PA12
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Figure 9. (2) TGA thermograms; (b) derivative weight curves of M-
PAs.

Table 4. TGA Results of M-PAs

N, environment

Sample
Tonser (°C)* Taa (°C) Char (%)
M-PA 0 3923 4239 0.24
M-PA 0.5 405.3 4447 0.79
M-PA 1 410.3 446 1.42
M-PA 3 410.6 446 337
M-PA 5 398 436.8 6.02
M-PA 10 395.4 4329 10.98
“Onset temperature of thermal decomposition. “Decomposition

temperautre of maximum weight loss rate measured by TGA.
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Table 5. Initial Modulus, Tensile Strength, Strain at Break
and Permanent Tension Set of C-PEBA, B-PEBA, Pebax®4033,
and TPU

Initial Tensile Strain at Tension
Sample modulus strength break set
(MPa) (MPa) (%) (%)
C-0(0%) 0.18 10.2 710.9 243
C-0.5(0.12) 0.21 11.6 811.4 20
C-1(0.26) 0.17 13.6 892.5 14.3
C-3(0.73) 0.14 14.1 916.6 10.4
C-5(1.04) 0.19 13.6 874.3 8.6
C-10(2.49) 0.21 11.5 718.9 5.7
B-1(0.25) 0.24 12.8 605.7 314
B-3(0.76) 0.25 13.7 645.7 37.1
Pebax"“4033 0.39 15.7 510.9 18.6
TPU 0.16 14.2 803.4 7

*(): wt% of MMT in total PEBA copolymer.
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