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(A 37| /N I S S P B A 7 I o VT s |
XA A0 T 5 TR , 40 B 4, 18 [ gF 11 532
FoA 5500 K o3 B 00 24 2 43 BT s 00 B BE R 1
4-X(2-WEme ) %, e BROSCHR [ 14 ) Jr A k4
S 250°C 5 N, N BE XS A ERE, £ 0
Jp 115 ~117°C 7.
1.2 WRENERET#
1.2.1 PrePA XRRYHNE

£ 250 mL = H i, im A 60.0 g (0.530
mol) & N EER% .6.48 g (0.106 mol) £ FER%E .8 mL
ZEMHKA 0.13 g (0.20 wt% ) WBERR , HLAM I+ ,
WA, EH R T T 150°C MR B 7 he 2
JE MU ZE A E R IR R K JFAE 2 h (NE T
THEF] 200°C , % R 5 h, SR 5 FIE S K & %
H9FE & 3990 Pa, 7 2 h, 45 5] — i kA L —
Ui Ry 8 T R T i TSR A PrePA LR (H K 3. 12
mgKOH /g, ¥ {8} 175. 31 mgKOH/g, /i it5B 1
4Tk 628. 8.
1.2.2  PrePEA FilBAK )& K

1 100 mL = [ A, fim A 20.0 g (0.032
mol) PrePA Fl 4.65 ¢ (0.032 mol) & 1%, ¥LHK
P, A SR R IR B T = 200°C, H
FIRE 3 h. SR FAE PR K 5% A 0 & 3990 Pa,
I3 h, 5 S5 ORI AL D8 2 133 Pa, 4K 2L 2 N
2 h. 753 F) 5 W Bt e PR K PrePEA, H R {H N
38.51 mgKOH/g,#% {8} 2. 69 mgKOH/g.
1.2.3  y 4/

FREL 5 g ZE 47 1) PrePA 5 PrePEA Tii 2R {4, il
A 100 mL = Ff A 38 ZCCPRS, BUAEE R | 4 0l
TR T2 200°C , REFUR A 205 5, i A5 =
() CBC k2 PBOX 4 4% 71| (AR 4fs 75 2R 1A £ A . R {EL
TR LB R R RN — 2 B[] B S 4 2S & 266

-
=
=

I
n(CHy)sC—NH + NH,CH,CH,0OH
L

H,0
H;PO;

Pa 4k 25 [ W — 2 B 6], B 2 0 R 2 R 0 ] AR
b, 45 1k B, B = .
1.3 Sk AiE

3R A 0 R 1 SR T AR K R kI, DA
DMF ¥ it T84, 11 0. 05 mol/L ) NaOH Z, i
YR A 5 TSR AR ) 0 300 A I - e s )
TR AR B 55 2R A 1 0 Rk R RO o — A
(CLATA) B M g 3 5510 ), 00 7 B R (30 +0.1) °C.

BG W) 23 3 i DU UE 2l Ak 5 I A 2150 B A%t
FEE . FTIR 614 L KBr & A i, % FH 35 B Nicolet
N FVH 60SXB 6 HE AL (205 %) 3 5 ;' H-NMR Yt
%>R A Bruker 23 F] (1) AC-600 % i e 4i i 1% {30
E , LY YR fif e (TMS) 4 bR #E ), LA DMSO-d,
. BURAR K L ) WAXS it 2R A
Rigaku D/Max 2500 VB2 +/PC % X-fi 2k 177 51 (%
72 , CuKa KGR, & K 40 KV, 4 HL 3 200
mA 3 20 /il 5° ~50°. FURAK LR A
Py DSC M4k HI2E [ TA 24w #y DSC Q100 22
AR AP G, L 40 K/min )\ 2 IR T i 3
220°C LAVH bR #A 5 1, Z )5 Ph 60 K/min [ i 5]
-90%C , Fi Lk 10 K/min Mk —90°C T} i 5| 220C 3k
15 R TR L. PR R 68 R G W TGA ih
AR EE TA A8 TGA QS0 #h Ak 5 43 A A
%, L4 10 K/min 23R THE 5 500°C.

2 BR5IE

2.1 PrePA REYNEREY #

C N B AE TR HE AL R n B AT K i TP IR R 5
G e 6. A SR W R A AR R I I &
Pt i L 5ROk 4 SRS Wy 0 oy 1 i, b ) A —
N I N R I PrePA R Y. I NN 7
1 s,

|
H—[HN(CH,)sC ] —NHCH,CH,0H

n

(H,;N—PA—OH)

Scheme 1 Synthesis of PrePA via hydrolytic polymerization of CLM in the presence of aminoethanol

T A% B 4y T AR A BE PrePA L # I C
DI E R 5 20 W I 1) BE R LG 50 18] 10 TiE 4T 5
B MO ABER S SRR IR LR S5 TR, iR
KB 5r + B 626.9. &K Y i 4 15 ¢
CLM 2 mL 7K, A 50 8% R H & 0 0.2 wi% , 15
JEAEH T 150°C 1] 3 /K ff CLM, 22 J 3 ¥ 7 it 21

200°C HF A7 45 B, IF W R N — & B, 15 F)
PrePA TR A, 3 1 F T R[] 1 S L i [a)
15 PrePA {IRER W) 1 TR A L ¥ ( LA 2k 0 4 3k 11
ST R F R B B3R 1 T LUA B, PrePA
IR Y it 36 LL—OH (—NH, 4 32, AR /]
R RN B B 7 h B K F] 14 h, 3250 2 h 9%
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Table 1  Synthesis and the properties of PrePA

CLM: AEL Reaction time (h) Acid value Hydroxy number
PrePA ' M,
(molar ratio) Normal pressure Reduced pressure (mgKOH/¢g) (mgKOH/¢g)
PrePA-1 5:1 7.0 — 3.21 210. 65 524. 64
PrePA-2 5:1 7.0 2.0 4.21 202. 12 543.80
PrePA-3 5:1 11.5 2.0 3.35 178. 07 618. 45
PrePA-4 5:1 14.0 2.0 3.12 175.31 628. 82
PrePA-5 10: 1 14.0 2.0 3.35 135. 49 808. 12

“Molecular weight calculated from the acid value and hydroxyl number of the prepolymers!

T PrePA pufidE R TR R ILMAIL, Kb
BRI, M N, N -k B N B S
KR Im & B SR, LA T, 4-X0 (2-18 e wpf ) 2% 5 v
BRI, AT Y, A B S REY N T,
P&k B R =K 2 FroR. o e Ak Ko Rk S
CBC 3 o i B O P Wk e 1) 75 X9 8, B a2 3
TR Wik M SHE B A TR TR 1) 435 b T o 4 T s R AR S
PBOX 3 & J& ji X 28 — H Bk e — BRI &5 48 9
B 1 F—A4> PBOX = CBC o Frih i W41l L=
TNy B FE A, K e 8 BT # PBOX @ CBC 5 il
R i it R L | g I K v a0 1Y EE R EE ol
1:2,8% (1/2) CBC/(—OH + —NH,) (FEE/R )

7]

K (1/2) PBOX/—COOH ( FE/R [) M 1: 147 #F
LRI, 7E 200°C (L4 SnCl, 5% MgBr, Kb A
[F] P19 2 87 B () SR A7 47 45% , A — 2 8O, B i ol
PEZE B TR ARG 0.12 ~ 0. 13 dL/g, 34 i %)
0.22 ~0.27 dL/g, i F RN A B (£ 2),
PRERICR A 22 (W3R 2) . X W] BB 2 KOl PrePA il
A T2 DL G A O B L P A Y R R
KA s CBC [A] 38 i B bR o3 o e i 47 Y
BT PrePA 43 F & 5K, ST 7 CBC &K H
PrePA rfv & A7 it 1 Tt i B, 55 O oA Tk Jie AT ok
FURAH EAEF UG AH A5 O P ok e 58 e ORI, g LA
s FRNEEY.

Table 2 Chain extension of PrePA with CBC and PBOX*"

(0] Reaction time (h) Catalyst ExtPA
n
PrePA o Normal Reduced Amount [n]
(dL - g™") Type
pressure pressure (wt% ) (dL - g™")
PrePA-4 0.12 1.5 1.5 SnCl, 0.30 0.22
1.5 4.0 SnCl, 0.30 0.26
1.5 3.0 MgBr, -6H, 0 0.18 0.23
PrePA-5 0.13 1.5 3.0 MgBr, -6H,0 0.18 0.27

*(1/2)CBC: (—OH + —NH,) =1.0 (molar ratio) , (1/2) PBOX: —COOH =

0O

I I I
2 H,N—PA—OH + ((‘,HZ)SC—N—C—II\J—(‘,—((‘,H2)5
| | |

CBC

[
annn PA—O—C—0—PA

N N
2 AmvPA— COOH + [ \>—< >—</j —
0 0
0
[

or

1.0 (molar ratio) ; T = 200°C

Il
~nn PA—O—C—HN—PA
Il
nnnn PA—HN—C—HN—PA ~~

[
+ 2(CH,)sC—NH
L

0]

|| i i
Annn PA—C—O—CHZCHZ—HN—C@C—NH—CHZCHZ—O—C—PAM

Scheme 2 Chain extension of PrePA through the —OH, —NH, and —COOH terminal groups
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2.2 PrePEA BHEHARET
i CBC #1 PBOX X} PrePA ¥ 4% {Y fig 15 3|
R, ik, BATE PrePA 52 R — 2%

mH,N—PA—OH + mHOOC(CH,),COOH —»HO{—

Bk 44 T 8 OF & LAy B Es B TR 1k
PrePEA , 2 )i i~ = K 3 7.

;|»H
m

[
C(CH,),C—NH—PA—O

(HOOC—PrePEA—OH)

Scheme 3 Preparation of PrePEA from polycondensation of PrePA with adipic acid

3 4T PrePEA T K By 15 M. & MR
PrePA 50 ZREE/R LM 101, EE S & T,
5 5] [] B HE AT i 352 3 F0 S5 FR 3L ) PrePEA-1 Al

PrePEA-2 il & 44, HRe PR 25805 51 2 0.22 dL/g
F10.30 dL/g.

Table 3  Synthesis and the chain extension of the PrePEA prepolymers

PrePEA (1/2) PBOX: ExtPEA!

Acid value Hydroxy number . [n] —COOH [n]

(mgKOH/g) (mgKOH/g) M (dL - g™") (molar ratio) (dL - g™ ")
PrePEA-1* 42.25 23.43 1708. 28 0.22 1.00 —
0.50 0.54
0.38 0.62
PrePEA-2" 38.51 2.69 2723.37 0.30 1.0 0.68
0.75 0.72
0.63 0.74
0.50 0.67

* T=200C ; Normal pressure: t =3 h, reduced pressure; ¢t = 3 h (3990 Pa) + 2h (798 Pa) ;" T'=200°C ; Normal pressure:t =3 h, reduced

pressure:t = 3 h (3990 Pa) + 2 h (133 Pa);° The molecular weight was calculated from the acid value and hydroxyl number of the

prepolymers“7' ;4(1/2)CBC: —OH =1.0 (molar ratio) ; T =200°C ; Reaction time: normal pressure, 1.5 hj reduced pressure, 0.5 h

Hi T PrePA 755 82 TR [ NI, PrePA FR (Y
Uit 4 A 1 1 LU o R RS MO, N I 22 4 B L TE K
(4 PrePEA Ff {7 i 2 5 A1 i 2 6 1010 AN P AT i
BRI N T3 PrePEA i) T i, ME R fE
3 99 45 S R M i 2 R S B (9 PBOX Al CBC 9
HEF % MR R 2 e Ty AT BE. R 3 W
FIH T PrePEA By YHEME BL, Horh CBC B9 Al i 4%
(1/2) CBC 5 3—OH KYEE/R LN 1.0 In A, 37 6k
REA A BE 47 5 T 24 PBOX #% (1/2) PBOX 4 ki
REEREE R L 1.0 WA, Jz i ARG, BB 7E L
O3Bl PN R TR AT I 2 R S BRI R B
AVET DMSO e [i) BTl 45 3% 573X W] RE = T
PrePEA 54 K& 10 Mt e # , 23 1 6 1] 7 ] 7 AR
5k, i #F PBOX 5 PrePEA {4 i B2 ik (] S B AR PR,
75 PBOX 3 B0AT 58 73 15 fiff B4R 2 rPiiy, HE A8 40 W
WA AR 235 A 7 2R AR ) i B A R, 51 R O 3R 2R
BT 77 AR SRR A ST B 45 440 DAL 0, e ek 36 244 4 9
> PBOX Y JH &, Al LU A 3 3145 5 73 5~ i 7Y 5§
EY YR I RS W R R RE 0.54 ~0.74

dL/g Z [a].
2.3 REYWRIE

B RO BRI 2 5 2 B R BT ARG R
Yy PrePA-4 {21 413 18], Hrh 2927 5 2857 em
fb S —CH,—rft C—H [ 45 Iz 3l 5. PrePA 1%
P fE 3297 em ™ b HVER T AN 2 AGPR S04,
F CLM JF ¥4 J5 Wk e # % 2E 7284k, LA e i PrePA 11
Uii—NH, Jii—OH i) N—H  O—H {ifi 4 4 2l
A4 CLM fy C= O 45 iR sh & T 1654 cm ™' 4,
ifi PrePA () C = O {45 35 shig (i F 1641 F1 1547
em b KB B A AR AL A 20 BERE S O
Jctfy 52 AR T FF IR G R, A BT A i
1 ity 5 5 110 5 Wk e ) IR SR )

Kl 2 & PrePEA 29" 5 J5 15 | ) ExtPEA
([n]=0.72 dL/g) My 21 41 & Fov £e 3300 A0
3414 em ' Ah A7 7E 2 ARG Y BRI B N—H 4R Bl i
1638 1 1543 om ™' Ab 77 78 % BEREZHE C = O g ik
B ;1736 em ™ AL BLEREE Y C = O i 45 4% 2
W JE i O RS PrePA (13 58 3L BRI 5 A 5
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Fig. 1 FTIR spectra of the caprolactam and PrePA-4

0.35

Absorbance

1 1 1 1 1 1
3500 3000 2500 2000 1500 1000 500
Wavenumber (cm )

Fig. 2 FTIR spectrum of the ExtPEA ([n] =0.72 dL/g)

LT 1262 F1 1169 em ™' kb Ky g h C—O (1)1 45
PN, BT C R0 & mED IR W E A X8R
i 53 40 00 F 3072 em ™' 4b {1 16 By PBOX 4
Je T8 BN R F e R 45 A R OR R C—H fif
AR sh . X R YTRE RN M) R R, AR
ExtPEA ELA 2R g Wk e (1 25 44 .

3 2P 555 RBRBE G ExtPEA ([n] =0.72
dL/g) ' H-NMR £ [&]. H.rh § = 2.54 F13.31 &b
U 43 ) Sk %5 77 DMSO-dg F H,O ) 2% i % 6 =
1.21.1.36.2.02.3.02 4b i 43 51 %F i T ExtPEA
R O PN I T SR Y 6- O ke 45 44 6.8
9 (10 Kb WY H 1y S0 U, T 7 Ak I H R Y SR
TS5 O @b 2 4 R SR T E S,
MAEEh 6= 1.48 fb.5 = 2.21 ~2.29 kb K2 —
i T 5 G e A G B S R 3 (1 Ab) B R P
W3 4 4b R AR S N B AE S =
3.51 il 4.18 4b, H o 5% B AR 55, X 2 B8 &
ExtPEA i} 2 B Fi (4 FH & S 47 55 B PBOX /) FH
BA.6=7.89 4b Ky B PBOX ¥ J5 JE W%t 4 —
FH B Jiie — TR 25 44 R 2K 38 04~ C—H 9 &0 1 1%
(11 kb))t O Pk B T 35 | 20 5 i 45 #9 & PBOX
P BE Y B e B L 0 R A B, A
= 7.70 4b (5 4b). WiZZREE R AT LA 2, &
J2 I AS B T BT S A TR S R I e S 2 4 1) SR A
Y.

0 0 11
1l

O O
5 10 7 6 8 9 |5 3 4 1 2 2 4 3 5 II
#pNH—CH,—CH,—CH,—CH,;—CH;,—C+HN—CH,—CH,—0—C—CH,—CH,—CH,~CH,—C—0—CH,—CH,—HN—C
n

— DMSO-d
H,0—
10
92+;
6
5 1
. 5y
1 1 1 1 1 1 1 L
9 8 7 6 4 3 2 1

Fig. 3 '"H-NMR spectrum of ExtPEA ([5] =0.72 dL/g)

I A i X5 9 BE H S B RS T T M X
SYEATST (WAXS) RAE. [ 4 Sy 5 M Bt i 791 2K 14

PrePEA-1 B 555 R G ExtPEA-1([n] =
0.62 dL/g) ) WAXS 1<k, sk vl %0, Je & 6 —
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Fi S o AR y LTy R R OR K R
O L. oo i R A8 R AR A7 23 05 O 26 = 20. 0° (200
A ) A1 24.0° (002 +202 FhTfT ) , 17y & 2 00 X
BEF 26 =21.0° (001 (1) (447 5 . A& ]
VLB #|, PrePEA-1 N ExtPEA-1([n] =0.62 dL/
g) 7E260 =20. 3°F1 26 =23. 8° g Xy 1} B 1 it 7
JETE 6 o fih YA R AR AT 5 0, U T L4 R AT
LU e Te 6.

200 502 + 202
S
E ExtPEA
PrePEA
1 1 1 1
10 20 30 40 50
20(°)

Fig. 4 WAXS diagrams of PrePEA-1 and ExtPEA-1
([n]=0.62dL/g)

A, X PrePA-4  PrePEA-2 K H 3™ 4% 7= ¥y
ExtPEA ([n] =0.72 dL/g) i ¥t 47 1T 22 401
RE W E o g sl TR 2 220°C IH BR# 2 JF
PRI ] -90°C )5, F LA 10 K/min A —90°C F+
MRE] 220°C #EAT R FHIR M E. B 5y R THR
) 2 BT . & 4 BT PrePA-4 J PrePEA-
2 YHEHT T 0 35 Ak B R R L B Rl K
&0 B S Je3 4 AT LIE 2], PrePA-4 A B i
(0 B 38 Ak e A, T A WY WY R, A R R
183°C , it B PrePA-4 45 5 14 1R 51 . PrePEA-2 [y BY

AL AR B 9°C YT B IS 3 2] 30°C ¥ B IS
gy AN, EUHEAE 4y 18] 0BG 5, DA O 3 3 A
A5 B 4R . PrePEA-2 ({445 58 166°C. | L1 PrePA-
4 TR 13°C XM T2 RIS G fli
BRE VYL T B, 2 BUS SORRREL. ¥ 5
J5 ExtPEA B9 850 163°C 155 5 FRE2 3°C X &
T PrePEA-2 F A iy v i 32 22 RO 56, 765 &
B A AR B A i R S 5 PBOX [ TR g npk FR 2
), 400 R AW F 8 o] AT R0 %R
Tk e — B 45 4, (75 3R & W 0 FUREPE R B, TR U0
SUR B HE LA BlRS A — 2 1Y R R X R
T HEGI AW PS5 #1115 5 W 08 P T BT
. H4h, ExtPEA A B 5 A9 45 S 1%, PrePEA-2 R
B &, 1 PrePA-4 V% A %45 5 %, i B PrePA-4 Fl
PrePEA-2 45 fif 3 B AC PR, 70 I B #4077 52 ) A9 PRt
BHI R, O 458 A i, T ExtPEA U 4512
T AE R TR B b g A S, X e Y B
ExtPEA JL 4 T F5 (19 45

1.2
1.0
0.8
0.6
04r

Endo

1|

O e = o

b o
T

Heat flow (W/g)

ExtPEA

|
o
=)}

=50 0
Temperature (°C)

-100

50 100 150 200
Fig. 5 DSC scans of PrePA<4, PrePEA-2 and ExtPEA
([n]=0.72 dL/g)

Second heating run, heating rate:10 K/min

Table 4 The DSC and TGA data of the PrePA-4,PrePEA-2 and ExtPEA ([ 5] =0.72 dL/g)
DSC® TGA"
Sample T, T, T, AH T.¢ Tso0, Tond” End mass
() (C) () (1e) (c) (C) (C) loss" (%)
PrePA-4 — — 183 57.7 376 403 432 97.7
PrePEA-2 9 — 166 46.3 330 396 434 95.8
ExtPEA 30 60 163 36.6 336 402 442 95.4

" Heating rate of the first heating run:40 K/min; Cooling rate :60 K/min; Heating rate of the second heating run:10 K/min;" Heating rate at 10 K/

min and in N, atmosphere;“ The initial decomposition temperatulre;‘1 The temperature at 50% decomposition;“ The temperature at the end of the

steep decomposition change

K 6 2}y PrePA-4 PrePEA-2 K H. ¥ & 7= ¥y
ExtPEA ([1]] =0.72 dL/g) Mk B (TGA) 1%

B2 4 50 T ENTR PR B . N 6 Fik 4
ATLUE BT T T A T, AR H s, HLR 46
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O3 iR R IR F) 330°C LA b, A AR B Y PR E
I T AR A, O T B T A 250°C LU, R
WA 23 e HE O3 M, TR L B T 07 30
BT

—PrePA
100 - _— . ~— .  --PrePEA
\. ---ExtPEA
__80f {
Q
2 60
=]
S 40+
]
4]
~ 20F
0 -
1 1 1 1
0 100 200 300

Temperature (°C)

Fig. 6 TGA curves of the PrePA-4, PrePEA-2 and
ExtPEA ([n] =0.72 dL/g)
Heating rate;10 K/min, N,

7 K ExtPEA ([ 5] =0.72 dL/g) By ) /-
NASH 2R, 7 Rl UL, ExtPEA ) $7 40 58 JE
14. 1 MPa, By 2L fifl K 3 hy 68. 6% , B A7 v 4 5 JiF
Fl— 8 . 2R G 1 A R DT 2 A R RO 8
B, BRI TR B Bk A S
W, REWEEA BB GEEBEFEAE  Em TarF
HI IR BRI A T Y B S
W R EWAEBAT B I L B — 20, Sl
TRBERS, A ERGREMIEELNRS
Wkt RE. S 40 BESE I8 & B, LA ) PrePA 5 ) —
e T AR RO GRS AR A A IR ok B B
(1% 2R ThR Tk i , s et LT B | 5 B 45 T S )
O AH R 7 7 SR B L AH GBI 5E 55 SC R 3% HR I 4
KA Bl 7 AT A — R HAT B R R R
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Fig. 7 A typical stress-strain curve of ExtPEA
([n]=0.72 dL/g)
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SYNTHESIS AND CHARACTERIZATION OF POLYESTERAMIDES
DERIVED FROM e-CAPROLACTAM AND AMINOETHANOL

LIU Shiyue, LI Chenguo, ZHAO Jingbo, JIANG Shengling, YANG Wantai

( Key Laboratory of Carbon Fiber and Functional Polymers, Minisiry of Education, State Key Laboratory of Chemical Resource Engineering,

College of Materials Science and Engineering, Beijing University of Chemical Technology, Beijing 100029 )

Abstract Provided a method to synthesize Nylon-6 oligomers with certain molecular weight and to further
synthesize polyesteramides having short Nylon-6 segments connected by ester linkages. Polyamide prepolymer
(PrePA) with molecular weight of 524.6 to 808.1 was synthesized by a ring-opening polymerization of &-
caprolactam in the presence of aminoethanol under the catalysis of H,PO,. The chain extension of the PrePAs
was studied using N, N'-carbonylbiscaprolactamat ( CBC) and 2,2'-( 1, 4-phenylene ) -bis ( 2-oxazoline )
(PBOX) as combined chain extenders. Through polycondensation of PrePA with adipic acid, polyesteramide
prepolymers( PrePEA) with intrinsic viscosity of 0.22 ~0.30 dL/g were synthesized. Chain extension of the
PrePEAs was carried out using PBOX and CBC as combined chain extenders and the chain extended
polyesteramide ( ExtPEA ) with intrinsic viscosity up to 0.74 dL/g was obtained. The ExtPEAs were
characterized by FTIR and 'H-NMR spectra, differential scanning calorimetry ( DSC ) , thermogravimetric
analysis (TGA) ,wide angle X-ray scattering ( WAXS) and tensile test. The DSC study showed that after chain
extension the T, and AH, of the polyesteramides decreased. ExtPEA with [ 5] of 0.72 dL/g had the T, of
30°C and T, of 163°C. WAXS characterization showed that the ExtPEA had similar crystal characteristics to
the Nylon-6 crystallites. TGA study showed that the ExtPEA had good thermal stability with initial
decomposition temperature over 330°C . Tensile test showed that typical ExtPEA samples had a tensile strength
of 14. 1 MPa and a strain at break of 68. 6% . The ExtPEA has high Tm, good thermal stability and moderate
tensile strength, and is suitable for melt processing. Meanwhile, presence of the ester linkages and lower
crystallinity in the ExtPEA may lead to improved biodegradability of the ExtPEA compared to the normal nylon-
6.
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