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K 9F: 4,4’ -Diphenylmethane diisocyanate$} dicarboxylic acid-terminated poly(butylene
adipate) oligomer, &2 &£/¢| &34d W= dicarboxylic acid& AME-3l polyesteramide
(PEA) €49} 1 hard segmentd] 3|33k polyamideE #4381t} 43 PEA &g ¢}
hard segment polyamide®] 7% % ¥3 A& FAISAUL nylon 69t9] 44-AF ¥ nylon 6
o] 243} A% e ¥ AHugdr). PEA ©44 % hard segment polyamide®] meth-
ylene number7} & 79 nylon 62} ©] & A484& B on o] binary interaction model
28E oZ5 Axe} vxs] Bkt PEA/nylon 6 Ed=dA PEA €47 10 wt% H7Hd
79 PEA w49 7143 &7 28] nylon 62 233 £%=71 7€ ¥ PEA @449
o] tf WolA FAF 7| 28 nylon 69 A3 £=71 AARE BEEHAC

ABSTRACT : Polyesteramide (PEA) elastomers and polyamides corresponding to hard seg-
ment of PEA elastomers were synthesized by the solution polymerization of 4,4 -
diphenylmethane diisocyanate, dicarboxylic acid-terminated poly(butylene adipate) oligomer,
and the mixtures of various kinds of aliphatic dicarboxylic acids. The thermal properties of
PEA elastomers and hard segment polyamides, their miscibility behaviors with nylon 6, and
the effect of PEA elastomers on the crystallization behavior of nylon 6 were studied. Poly-
mers prepared with aliphatic dicarboxylic acids of lower number of methylene groups were
more compatible with nylon 6 and the results were compared with those by binary interac-
tion model. When 10 wt% of PEA elastomers were added, the crystallization rate of nylon 6
increased due to the plasticization effect of PEA elastomers. The crystallization rate of nylon
6 decreased when the content of PEA elastomers further increased, which resulted from the
dillution effect of PEA elastomers.

Keywords: polyesteramide elastomer, nylon 6, blend, miscibility, crystallization.
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Table 1. Recipes, Compositions, and Characteris-
tics of PEA Elastomers and Hard Segment
Polyamides

designation H(4) H(10) P(4) P(10)
feed (mole):
MDI 1.000 1.000 1.000 1.000
succinic acid 0.200 — 0168 -—
glutaric acid 0.200 — 0.168 —
adipic acid 0200 — 0168 -—
pimeric acid 0200 — 0.168 -
suberic acid 0200 — 0.168 -—
sebacic acid - 0200 - 0.162
undecanedioic acid — 0200 - 0.162
1,10-decanedicarboxylic acid  — 0.200 — 0.162
tridecanedioic acid - 0200 — 0.162
1,14-tetradecanedioic acid — 0200 -— 0.162
PBA - — 0.160 0.190
methylene number
in feed 40 100 - —
in polymer 48 108 - -
content of hard segment(wt%)
in feed - — 50 50
in polymer — - 42 47
(7] (dL/g) - - 13 22
T (C) 144 111 -44 -42

2M 9 5. 13xe] YEE Ubbelohde H=A
2 A3t 25 'co FeRuelA FA A %@1
o] 5= 0.3g/dL olle 539 ARHEE F
ke FFS TR olFA ¥ AWH=UE
Solomon3} Ciutag] F4jd) sty Az 2
A& 73 #2738 EA (NMR) 2 dimeth-
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Figure 1. Proton NMR spectrum of P(4) PEA elastomer.
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Figure 2. Proton NMR spectrum of H(10) hard segment polyamide.
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Table 2. Thermal Properties of Hard Segment Polyamide/Nylon 6 Blends

sa le Tg ch Tm Tmc Tm' Tmc 4 Hm 4 Hmc

mp (c) () c) () (€)  (J/e-N6) (J/g-N6)

H4) 144 — — — — — _
H(4)/nylon 6(7/3) 103 - - — — — -
H(4)/nylon 6(5/5) 75 132 210 152 58 53.6 28.6
H(4)/nylon 6(3/7) 61 107 214 169 45 71.0 59.1
H(10) 111 - - — — — _
H(10)/nylon 6(7/3) 108 - - - — — —
H(10)/nylon 6(5/5) 51/68 88/118 219 165 54 76.8 71.3
H(10)/nylon 6(3/7) 50 79/117 219 174 45 72.1 68.2
nylon 6 46 70 220 175 45 67.7 62.0
e F48 BRY 5 AT ol o2l FFY di
carboxylic acidE =Yooz hard segment
o] nEA AlEe] Aol AEo] AAYAo] ZHe
PEA &7} dojd Aoz A=) 48 hard
segment polyamide®} A$- T, &&= F33 93 w0
Aol & AEE # gt 24 nEAIA 5AF 8

o2 Yehes Ty, Ty Holazt $EEA g0z
FE v]ZAA polyamider} FojF&g #UY
Ak H(10)9) A9 H( v o ¥ T
A EH o)E methylene number7} Z7}gkl
upgh At AbEe] Al AHA Tt gadhe
Aoz A

gdl=e] AMHE. Hard segment polyamides}
nylon 6 2#d=9 A AL Table 29 893t
vehl2ith. H(4)/nylon 6 2= 2Ad ule}
TFEHez Wale 9d# T, A5 S Uiz Qe
o o]27E H(4)«= nylon 69} 4840 &S &
A3t ¥, H(10)/nylon 6 Ed=w 2709 A
2 AA3} vlojAart H(10)9 T, &G GAA Yt
u7] W& DSC2HE 484 A% B84 &
©3ly] ojgigch. @8, H(10)/nylon 6 BA=:=
nylon 69 T,°l A ¥ &g s} H(4)/
nylon 6 B =& A we} 42§ T,o 22
YT ZAF/ZRE H(4)7} H10)o w3
nylon 62}2] 44-4o| o F& & + AU

H(10)/nylon 6 B#d =9 F3F7|4H spectrum
& Fig. 4 Uepiigich. Bd= 244 oda 733
o2 ¥dte dd@ T, A5S #A¥ £ A o]
Z5¥ H(10)= H(4)% wb37HA 2 nylon 69t 4

o]
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Figure 4. Dynamic mechanical spectra of H(10)/

nylon 6 blends with the compositions of; (a) 10/0,
(b) 7/3, (¢) 5/5, (d) 3/7, and (e) 0/10.
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nylon 6& methylene (A), amide (B), phenyl-
ene (C) unitg= o]folx E73 FFIA gz 7}
A% 9 nylon 6= A,B,.,, hard segment poly-
amide= ABC,_,_,.2 ¥3% & glod (o] o x,
Y, z 32 Z segmente] FuEg) £ SA=H-
210141 2] interaction parameter, Xyend a4 THe-3
o] ¥AE F AUt
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Table 3. Thermal Properties of PEA/Nylon 6 Blends

cample T, T. Tm Twe  TwTme  4H, JH,,
(c) () () c) (¥)  (J/e-N6) (J/g-N6)

P(4) -44 - - - - - -

P(4)/nylon 6(7/3) -37 68 214 152 62 67.6 49.8
P(4)/nylon 6(5/5) -35 55 217 162 55 68.7 57.4
P(4)/nylon 6 (3/7) - 47 219 170 49 65.4 56.6
P(10) -42 - - — — — —

P(10)/nylon 6(7/3) -38 43 218 163 55 78.3 64.8
P(10)/nylon 6(5/5) -38 45 219 168 51 72.8 63.4
P(10)/nylon 6(3/7) -35 49 219 172 47 65.6 57.7
nylon 6 46 70 220 175 45 67.7 62.0

o7\ x, y, z& group contribution method& %
& AAsIL? zZ3z}e] segmental interaction pa-
rametergtS Ellise] 238% d&3ld 73 Al
w}2%W hard segment polyamide®] methylene
number”} 1138t} 22 3¢ nylon 69} 484&
Boli 1Rt} methylene number’} & polyamide
©] 7% nylon 69} 24440l gl& Aoz FHAY
t} &, 2 A3 A H(4), H(10) 2% nylon 69}
A48 Holny, H(4)7} H(10)d] B8] nylon 62}
B 2 4848 Ued Aoz d3HA. ol
YA GEA o3 FAF A Aol FHI UX
&tar A},

PEA 49 nylon 6 Edce] EA4Ee
Table 3¢ g<sld Jelldch Nylon 69 T,
Az 2E P(10)o] HIIHAE o) vls| P(4) 3
7l @& nylon 62 T, Z27td §& 2+ A
t} o] 44312 8 nylon 69 T,o] A A
o2 AzEY, o|2RE P(4)7} P10)s] s
nylon 69}9] A8Ael of & & + Utk o= P
(4)/nylon 6 BA=Ee 4H, 4H,7} P(10)/
nylon 6 Bd=gd Hj3 o & AMZREE &
QY F AT

P(4)/nylon 6 BEd=9o] FA7|A3A spectrume
Fig. 5ol Yehiic}. P(4)= -45 CTHIAA soft
segment®] T,, 110 ‘CollA hard segment?] T 7}
#2=1 nylon 62 7,7} 65 ColA BF=HU
2xd g EI=9] tan §¥o|2E BEAINH 66-
110 °C AlololiM B A9 ulel ¥z ¥
e 109 9 d T, A%S 498 & de

&F2lof A20@ A53 19969 949
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Figure 5. Dynamic mechanical spectra of P(4)/nylon
6 blends with the compositions of ; (a) 10/0, (b) 7/3,
(c) 5/5, (d) 3/7, and (e) 0/10.
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40 &S ¢+ AT A P(4)9] soft seg-
ment] T,= EA= 24 wat Ao ¥alA A4t
o o]28E P(4)9 soft segment$} nylon 6 7t
de 484l g ¢+ Uk
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Figure 6. The effect of crystallization temperature on
crystallization half-time of P(4)/nylon 6 blends.
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Figure 7. The effect of crystallization temperature on
crystallization half-time of P(10)/nylon 6 blends.
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Ha AEE Bolx] Akt ol MR thE ol
dicarboxylic acid® ¢} 2M hard segmentJ]
o] ;ER} Ao FEAA] I ARfets F4E
t}. =3 hard segment polyamide®] ¥ methy-
lene number7t & 9o Br} @& T gkd e

=0 o]+ methylene number?} Z713d] uwet
RER AEe] AUl € Lol Ar] HEL
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Hard segment polyamide¢} nylon 6 EJ= &
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