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(PLA) %4 Fi i me " ) B2l Tolk Ak,
FAE BT B e SRHH 5 v 3R L [, AT
X 0 R AR 3 6 i it AR E
ULAE K, A 0K B2t 1 5 | AR 07 B i o, 3
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FKELS M 2 W T I (BD) oMk, 20
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Organics 2\ w) W 3K 5 oAt 7 7] A58 35 5% FH 43 A
4. N, V- (2-5 236 B L (HEOA ) K&
N,N'-—(2-5 2. 3%) © Wi (HEHA ) $i2 B8 SCHk
(L] B0, 5 s 0 ) 172°C F 135°CL P45 1,
4-X(2-WEmE ) % (PBOX) 4 SCHR [ 12 ] & B,
JOA250°C. P B ) R X L N BB (ABC) %
HESCHR[ 13 ]G, J s 72 ~T3°C.
1.2 PEA(n,x/y) BEEHE BRI 4%
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HEHA DL K 0.3 wt% i) . T B &4k 8, hn#ug 1k
Il AR AT FE 160 ~ 200°C fin#4 4 ~
5 h, 78 P K 2 S B 1Y 80% . SR I I K
WHEAWE, R 3 ~4 h. 555 8O R8s, 4k
SE7E 200°C 266 Pa NUER N 3 ~4 h, 55 Fi R
{i PrePEA (n, x/y). PrePEA (n, x/y) T & FH
—CO0—CH,CH,—HNCO— ( CH, ),—CONH—
CH,CH,—00C—%5%y, n = 0 Jz 4 4 5% &
PrePEA (n,x/y) W& A B e RS54 B © 1%
e ZBREER 2 oy A3 SRR T R R T e
(I BOREE IR 234K
1.2.2 ¥HEx N FRELS g PrePEA (n,x/y) T
RAKHLA 100 mL B& 1T = CUf Y, LB FE L s
I B AR R THE ZE 200°C, LA (1/2) ABC 5
HUER R R S B B R ol 1.1, (1/2) PBOX 5
TSR AR ot 2 3 B JEE SR EE oA 1.0 B EL A3, i A B
) ABC il PBOX , % & F S Ji 30 min, Fifi 5 1 FL25
7E 133 ~266 Pa (51 N ARLERN 2 h J5 45 1k
PR ).
1.3 Sk Ax

PrePEA (n,x/y ) WIRR {E >R FAE 7K 22 732
S, LLN R ), L 0. 05 mol/L Y NaOH 2,
VRV A 5 LR (D o - e e ) L TR

R SR G Y B oy 1 8 gy i Koy
i % FH 25 [ Waters 2~ 7] GPC515-2410 B ¥ i 18
HEGEL(GPC) W%, L THF SRyt sh A, i 8 R
1.0 mL/min Z3R05E , DLEL ST HICR A 06 b ife
V1. B R R R EGE o — S, VA
VAR R O (30 £0. 1) °C. R E PRy DSC %
K H NETZSCH /2 F] 1 DSC204 #4443 Hr 4G E , LA
10 K/min 3 B F+ iR 3R & % 0 % ok
PerkinElmer TGA 7 ] 52, L 10 K/min 3# & M
20°C T+ F S00C.

REW it v DT TE Ak J5 I 5 2140 KAt
JE . FTIR Y% % 25 [E Nicolet 60SXB Y% g%
(205 #1) Jil €. NMR i >k ] Bruker 24 ] AC-
600 2% i H 4R 1430 % , DL CDCLy SR i 5510 5
LY e (TMS ) AR HED) .

2 HRSUR

2.1 PrePEA (n,x/y) BEEHN G &R

iz BRS04 46 R i, B 430 I A
O TR RS O R T R, R
FRRRE R 7 AR S g st ) PR s il 47 5, 5 i v st
77 Uity Y2 I R i BRI 1Y PrePEA (n,x/y) TR 1A,
HA U iR = E 1R,

(m + n)HOOC(CH,),COOH + nHO(CH,),OH + mHO(CH,),NH—CO—R—CO—NH(CH,),0H

H«EO(CHMOOC(CH2)4COHO(CHz)zNH—OC—R—CO—NH(CHz)ZOOC(CH2)4COE|—OH
n m

PrePEA
—CO—R—CO: —CO—CO—, —CO—(CHy),—CO

Scheme 1  The synthesis reaction of the PrePEA(n,x/y) prepolymers

F 1IN T AW PrePEA (n,x/y) TERMAD
JEORHRE b B L2 4 RN AL A O 76 TR AR A it
BT T SRS R R, IR 0T
Pt (T R+ B ) B EERBOR T2 R,
A8 2 PrePEA (n,x/y) BOFR(ETE 9.2 ~ 51.2
KOH mg/g Z[8] , }ELE 0. 6 ~21.5 KOH mg/g 22
[i] , 5 T IR (B RN P2 (B TH B3 i TR AR 1 o F R 7
2170 % 3650 Z [i] ; F R A (9 15 P R ALE 0. 15 ~
0.21 dL/g Z [H]. [FIR, id i i H-NMR 3% 5 T
TR IR L. FE 1 7] UL, PrePEA (0,90/10) FlI
PrePEA (0,80/20) ' H-NMR I 15 ) — Tt e — g
(EE IR & i 5 BOBH L 23, 107 PrePEA (4,90/10)
1 PrePEA (4,80/20) (' H-NMR 45 5 b #58 86h 41 1%

FLAK, XA BE T PrePEA (4,90/10) 1 PrePEA
(4,80720) 7E5 Lot Fe vh, |y T T 1R (R 3L ) 1%
AT i St S TR SR B VE T, f e AT T B 28 5 5 o 0
R TR Tk Fee 2 15 - 52 46 45 Rl S L, T B 1 /b
() L e I 45t 25, 1T PrePEA (0,90/10) K&
PrePEA (0,80/20 ) Hf o Ik e BU e il 7 o, m 6
A ILHEAE R, A5 I e s LR , AR S AR
Pt , i LA I e — a4 A Y 3 1 AN i 11

2.2 PrePEA(n,x/y) 893 & & &

H1 T PrePEA (n,x/y ) Pl SR A W] IS5 A o B
Flmi R 5L, KR ] PBOX K ABC RS HE 5%
HAATY 5E. Horh PBOX 5 Fil SR K (Y i 3R KL A 7
TR IR 8 , T ABC L5 78 SR A4 114 o Y2 S 28 BUAR,
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Table 1 Properties of PrePEA(n,x/y)
AA: BD: diamidediol Av * Qv' [n] Feed! Composition®
PrePEA A M
molar ratio (KOH mg-g~') (KOH mg-g™") (dL-g™")  (mol%) (mol% )
PrePEA (0,90/10) 1.00:.0.95.0. 10 13.4 19.5 3410 0.19 10.0 10. 8
PrePEA (0,80/20) 1.00.0. 85.0. 20 25.2 8.0 3380 0.19 20.0 20. 8
PrePEA (4,90/10) 1.00:0.94.0. 11 51.2 0.6 2170 0.15 11.0 9.8
PrePEA (4,80/20) 1.00:.0.90:0. 20 9.2 21.5 3650 0.21 20.0 17. 4

 Av:acid value of PrePEA(n,x/y) ; * Qv:hydroxyl number of PrePEA (n,x/y) ; © The molecular weight calculated from the Av and Qv; ¢ The
molar percentage of the diamidediol in the feed of the polycondensation; © The molar percentage of the diesterdiamide units in the PrePEA (n,x/y)

detected by ' H-NMR spectra.

N\ N
wwww PEA —COOH + [ >—©>—{ j _—
(0) O

0
[ [ [ [
www PEA—C—O—CHZ—CHZ—NH—C@C—NH—CHz—CHZ—O—C—PEAW

PEA—OH + (CH >—N—C—(CH,),—C—N—C(CH
WA (0} (CH,)sC C—(CH,),—C C(CHy)s
(0} (0]
[ [

[
— wwww PEA—O—C—(CH,),—C—O0—PEAwwww + 2HN—C(CH,)5

Scheme 2 Chain extension way of the PrePEA(n,x/y) with PBOX and ABC

—~ PBOX ¥ ABC A P41l LA
PaE LA, L, ik BB BRI,
A2k PBOX mY ABC 51 SRk rf iy i #R I it 72
FERYEER i 1: 2 (BVE RB AT S EER ) , 80 (1/
2) ABC/—OH ( FE/K 1) & (1/2) PBOX/—COOH
(FEIREL) #1011, £ 2 ¢5 T ANIA] PrePEA (n,
x/y) ¥ HEIG RA YN T 8 SRR RV RO A
RK2WLLE N, fEY 8558 T =200°C , (1/2)
ABC/—OH = 1.1 (FE /% I£). (1/2) PBOX/
—COOH =1 (FE/R ) e W B [E] 24 2.5 h B,
PrePEA (n,x/y) YJREHUAS LGP B B3R, B

B J5 A SR R T M i R R 2 S 3 n L 7E 0. 72 ~
0.91 dL/g Z [a]. [A] i, 9 6% Ay 91 R AK B9 M, 78
4400 ~ 6400 [i], M, 1£ 6700 ~ 11200 8], M,/ M,
TE1.52 ~1.77 Z[a]; ¥ 885 M, 7F 13700 ~ 22500
], M, 7¥ 34200 ~53100 Z[&], M,/ M, 7 2. 36 ~
3.04 Z Al P EEMTECY 1 R PEREECRR
WIS 34 0. f AT UL, 2R AT PBOX K¢ ABC IR &4
R XT3 2 [] s s A o e R R 0 JR B 1Y) PrePEA
(n,x/y) , S HeA B 5 I IR15 55 70 1 i 1y 2R
B ). TR A EL4S EAE 133 ~ 266 Pa 2 (8], %t
LS REBERON AT TE AR A 28 B N A T i

Table 2 Chain extension of the PrePEA(n,x/y) *

PrePEA (n,x/y) Ext PEA(n,x/y)

[7n] M, M, M,/M, [7] M, M, M,/M,

(dL - g1 (GPC) (GPC) (GPC) (dL - g™1) (GPC) (GPC) (GPC)
PrePEA(0,90/10) 0.19 6100 10300 1.70 0.72 16000 44600 2.79
PrePEA(0,80/20) 0.19 5700 9700 1.70 0.75 13800 42000 3.04
PrePEA (4,90/10) 0.15 4400 6700 1.52 0.74 13700 34200 2.50
PrePEA (4,80/20) 0.21 6400 11200 1.77 0.91 22500 53100 2.36

*(1/2)ABC/—OH =1. 1 (molar ratio) , (1/2) PBOX /—COOH =1(molar ratio) , T=200C; t=2.5h
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2.3 PEA(n,x/y)HIZEHIRAE

& 1 & PrePEA (0,80/20) Fil PrePEA (4,80/
20) ¥ EERT A LT AME . B 3351. 7 em ™ BT
& PEA (n,o/y) T i S50 5% PR i 0 56 AR i 2 i
I 45 PR 06,2958, 5 i1 2863. 4 em ™' 42 PEA(n,
x/y) HOIE R 36 C—H 45 4R 3614, 1726. 8 cm ™'
AbEBEFEC = OBy ff 45 ik s, 1679. 2 i1 1510. 7
em ™ EFEIEERY C = O MgadRshig. I H ol L&
BRI BT R, O R R E
P8 B 5 AR RO R W B —ERZE R R
PR —WRZ5A , 5 TSR AR A Y Ik e R 45 ke S

O PR R SS F4 AR 3 slAH [R] , HL 4 6% 75— i FH 2 4
RIS 23 0 BT . BB S R A W TE
3351.7 em ™" BHIE A IR E AT TR ARG, X 2 R T
B i g R R 1 5 Ok 2 T A BT Y TR
I, PR L R AT sk /N 33t BH 4™ 5 7 1) & A

B2 fiE 3 45 J& PrePEA (0, 80/20) &
PrePEA (4, 80/20) 5 ExtPEA (4, 80/20) ' H-
NMR & &. Ho 8 =7.24 J2 ¥ 55 CDCl, 19 4% it
I 6 =2.30 & PEA(n,80/20) 1 1 AbV FE 31 A
JEFUE 6 =1.63 ~1.67 J& 2.4 4biF H 3L 0 S 5
T ,6 =4. 07 J2& 3 b FH A S i 1.

1726.77
2958.46 1679.23
1510.68]
2863.39
3351.74 \I
|
PrePEA(0, 80/20)
ExtPEA(0, 80/20)
PrePEA(4, 80/20)
. . - . . . — ExtPEA(4, 80/20)
3500 3000 2500 2000 1500 1000 _ 500

Wavenumber (cm )

Fig. 1
Q9 56 Q 1 2
Q9 ¢ 5 ¢ 2

1 1 1 1 1 1 1 1
42 4.1 40 39 38 3.7 3.6 3.5
o

CDCl;

IR spectra of PrePEA(0,80/20) ,PrePEA(4,80/20) and their chain extended polymers

9 3 4 4 3

NH—CH,—CH,—0—C—CH,—CH,—CH,—CH,—C—0—CH,—CH,—CH,—CH,—0—

19 3 4 4 3

0—CH,—CH,—NH—C—CH,—CH,—CH,—CH,—C—0—CH,—CH,—CH,—CH,—0—

2+4

Fig.2 'H-NMR spectrum of PrePEA(0,80/20)
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TEE 2 th,8 =3.57 F1 4. 17 &y %5 k Jie — fig
Y BERRTIT R , 43 30 X6 07 T 325 122 7 Tt e 5 0 g 6 I
P B S FT 6 By s ; il ¥ 7E 6 =3. 49
F4. 14 Lb Y B0, D) 43 S0 T 50 6 42k 7
H X AT SR H TR ARG b & AR TR - IE I S8 5 R
FRNETE A .8 =2. 19 4b 17 fy 06, m JiF B 3 — .
5.6 Ff15 6 AR R 2: 1, Ui 2045 33.3%
() kI —ERAS M A A T R - IR B S R R 2R
I L FE PrePEA (0,90/10) [y H-NMR i [&]
W B, KA 31.4% W Bk —BR&SHI AT
ik - ok e A2 460 2

EE 3 F,6=3.52 fir4. 15 EHC ik —

v 2 2 19 5 6 0

1

BEEABITTOR , 23 )%k 7 T 372 22 76 1k Mg S N T
AIPELHY F 3L 5 A6 R9A. W H-NMR ok
2 A TR - Ik e 3 J8 ) K2R 9 & A 3X T RE = LR
Rt A7 A4 S g & A, T8 B 3 235 44 5 D AT AR AL
SER A RS A AR/, TC g k. 2
P4l % H A PrePEA (4,90/10) [ H-NMR i [&]
. AN EERT I PEA (4,80/20) Z5 4478 H-NMR
T A I R AR AL X & T PrePEA (4,807
20) FERAKFRAEAL A 9. 2 KOH mg/g, [H i 4™ i 7
PBOX [y FH s 48/, 51 AR X 2 — ik e — g 45
¥k /b P 7E H-NMR 1% 8 A 5 o 2445 5).

2 2 1 9 3 4 4 3

—(—CH,—CH,—CH,—CH,—C—NH—CH,—CH,—0—C—CH,—CH,—CH,—CH,—C—0—CH,—CH,—CH,—CH,—0—

2+4

CDCly
PrePEA(4, 80/20) j] 5| Jl}\_.l L
ExtPEA(4, 80/20) A JL\“J L
e

6

Fig. 3 '"H-NMR spectra of PrePEA (4,80/20) and ExtPEA (4,80/20)

K] 4 >k PrePEA (4,90/10) 4"4% J5 %' H-NMR
R TEE 4 L BR T 2ERIT R 3 h PrePEA (4,
80/20) 1) 1" Je 1 ~6 [l FUgsh, 7 6 =4.31 FlI
3072 b H IR T ORE I TR AE T Rk e TS 45 A
( T)H af1b b3 H L b i 704, [A] A 38 76 §
=7.85 bV T AR A ¢ fl. X SEHERIE B P B

RN &, BPOX ¥ s R G5l AT
Xop A = gk e — s 4544, B T PrePEA (4,90/10)
MR = , 9 8% irds BPOX HE K, Rt w] LAZE
ExtPEA (4,90/10) B 15 ] s 28 g2 214 %
Je T L RR R4 — F P e — PR 444

a b (|? Q b a
—O—CHz—CHz—NH—C@C—NH—CHZ—CHZ—O— )

2.4 PEA(n,x/y)HJ DSC &%

K5 K6 M3 41T PrePEA(0,90/10) |
PrePEA (0,80/20) . PrePEA (4,90/10) fI PrePEA
(4,80/20) 445 1 5 B9 DSC 1% 18] K B ds. M af
LIFH], JCIR 2 PrePEA (0,4/y) i J& PrePEA (4,
x/y) , BEAE TP B s 3, A5 S RT Rl —
KA 7455 J§ ExtPEA (0,80/20) . ExtPEA (4,90/

10) 1 ExtPEA (4,80/20 ) % f FIAR Rl 45 AH XS T
HAURAARBEEA FFREL T, ML ExtPEA (0,90/
10) FRJE RS Ll 700 2R AR 3 . JHG i PR 3 2 TR oy
TURAR S 4 5 R AW BB/ R N Rk
BREEH I LR G R R T
(PBA) (1) A& 25 &, 1 5 LA 9 Tk e — T 45 4 3
AAESS M X, iR R0 5 ABEIR T PBA F24%
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N JU‘LLL_JLJLA__

80 70 60 50 40 30 20 10

Fig. 4 'H-NMR spectrum of ExtPEA(4,90/10)

PrePEA(0,90/10)

ExtPEA(0,90/10)

PrePEA(0,80/20)

Heat flow (W/g)
Endo

ExtPEA(0,80/20)

=20 0 20 40 60 80
Temperature (°C)

100 120 140

Fig. 5 DSC curves of PrePEA(0,90/10), ExtPEA(0,90/10) ,
PrePEA(0,80/20) and ExtPEA(0,80/20) (10 K/min)

PrePEA(4,90/10)

ExtPEA(4,90/10)

Heat flow (W/g)
Endo

PrePEA(4,80/20)

L

ExtPEA(4,80/20)

l

1 1 L

=20 0 20 40 60 80
Temperature (°C)

100 120 140

Fig. 6 DSC curves of PrePEA(4,90/10) , ExtPEA(4,90/10) ,
PrePEA (4,80/20) and ExtPEA(4,80/20) (10 K/min)

ORLRENE , ELREAE —IEie — IR S A iy
PR PrePEA (1, /'y ) B 5 FIG Rl k5 48 L PBA
A, ELREE — e W51 A SR8, T R ]
. TEE RO R TN (0 b TR ATGE
A PBA [l 80 5 — H e —Fig p 254, ot — 20
BRI T 7055k A S ANZ, b, (45 T R AR, I

TR R R AR

MIE 5 K 6 F135 3 hE 3| PrePEA (0, 80/
20) .ExtPEA (0,80/20) J% PrePEA (4,80/20) 7£
DSC Hffih B T 2 AN ml , X ] GBS i T
HYAFAE—E N5y F 10 A, AR+ 4 o 45
LW N EIYE o BU R o A R R N T V2
WY HE ROV 33X 2 AN s B REAR , A E R
A 1A SRR T B R T RGN, AL
PEREAG, BRI 7o FeEiz s, SR R T =
T R B B 4 i T
Table 3 Thermal properties of PrePEA (n,x/y) and ExtPEA (n,x/
y) in DSC scans

Polymer T, (C) AH, (V/g)
PrePEA(0,90/10) 47.3 50.1
ExtPEA(0,90/10) 47.3 69.8
PrePEA(0,80/20) 42.0,49.0° 37.0
ExtPEA(0,80/20) 25.7,40.5¢ 23.4,0.8"
PrePEA(4,90/10) 49.2 56.1
ExtPEA(4,90/10) 31.7 9.1
PrePEA (4,80/20) 26.2,33.5° 35.0
ExtPEA(4,80/20) 29.6 18.5

*Two T, ; * Two AH,,

K7 %% 4 %1 T PrePEA (0, 80/20) .
ExtPEA (0, 80/20) . PrePEA (4, 80/20) . ExtPEA
(4,80/20) LK PBA ] TGA % [ Fi1 3k o it £ 45
PBA [ #4 R fff i UR VR O 347, 0°C 17 5 A
JHie — g I O kR —FRZ5 A 1Y) PrePEA(0,80/20)
F1 PrePEA (4, 80/20 ) , 2 46 #4 43 fift kL B 43 0l
351. 7°C f1363. 1°C , v PBA A4 &5, i35 B G iy ik
TR EREE R REAS 1 PBA [ R e M
1 T 45 &5, PrePEA (0, 80/20) il PrePEA ( 4,80/
20) Y s, LA OR AR Il B 50% $R 43 ik il

100}
S sof
5
2 o0}
z ExtPEA(4,80/20)
=
Z 40r
i
o~

ol ExtPEA(0,80/20)

PrePEA(0,80/20)
o 1 PrePEA(4,80/20)«—
0 100 200 300 400 500

Temperature (°C)

Fig. 7 TGA curves of PrePEA (0,80/20), ExtPEA (0,80/
20), PrePEA(4,80/20)and ExtPEA(4,80/20) (10 K/min)
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FESEFHA N AR s mE = T PBA B E
. CA MR R, 7E R B 451 o] AX R =
G B 2540, S5 IR R E MR EET
k%11 PrePEA (0,80/20) 1 PrePEA (4,80/20) %
BPOX Fl ABC ¥4 )5 , TER W F8Eh gl A T
XF2R I e — ERAS Y, (LA e A BT T .

Table 4 TGA data of the PrePEA (0,80/20) , ExtPEA (0,80/20) ,
PrePEA (4,80/20 ) and ExtPEA(4,80/20)*

T’ Ts00 ¢ T.q"  End mass loss
Polymer

(C) (¢) (C) (%)

PBA 347.0 367.4 387.8 88.17
PrePEA(0,80/20) 351.7 386.0 420.3 93.90
ExtPEA(0,80/20) 347.4 383.3 419.1 91.73
PrePEA(4,80/20) 363.1 392.0 420.9 90. 87
ExtPEA(4,80/20) 360. 1 391.8 423.5 89.15

* Heating rate; 10 K/min; N, atmosphere; * The initial decomposition
temperature; © The temperature at 50% decomposition; ¢ The

temperature at the end of the steep decomposition change

3 Fig

H G W0 —JCRRIR 5 LR SN 7 fE R

AUXAR G B, 2 50 TR T R E R
B RER AR SR, 5 WL IR] b s A S 2 Ak 15 i 8k 3R
ARG TSR 14, 28 PBOX 5 ABC k(a9 8%, m]
ARAT 1R R 05 2R e I . 45 A A e
MR, R AR AR5 G e v, 41— A A9 TR -1t
A A N 5 BB A 1 5 A v Bt M — TR A Y
I, RGP A RIS T R s IR R R
Ryt — 201 a5 7 1 3R I Tt M 114 0 A E M e
IR ARG s R TR O R T R R
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SYNTHESIS AND CHARACTERIZATION OF POLYESTERAMIDES
DERIVED FROM ALIPHATIC DIESTERDIAMIDES

HUANG Chaoqun, XU Shaoyi, ZHAO Jingbo, JIANG Shengling, YANG Wantai

(State Key Laboratory of Chemical Resource Engineering, College of Materials Science and Engineering ,

Beijing University of Chemical Technology, Beijing 100029 )

Abstract Polyesteramide ( PEA(n,x/y) ) prepolymers with M, from 4400 to 6400 were synthesized through
melt polycondensation from adipic, butanediol and N, N'-bis ( 2-hydroxyethyl ) oxalamide (0) or N, N'-bis ( 2-
hydroxyethyl ) adipamide (4 ) at different butanediol (x) to bisamidediol ( ¥ ) molar ratios. Chain extension
reaction was performed with 2,2'-(1,4-phenylene ) -bis ( 2-oxazoline ) ( PBOX) and adipoyl biscaprolactamate
(ABC) as combined chain extenders. High molecular weight PEA (n,x/y) with M, up to 22500 and M up to
53100 was prepared. The PEA (n,x/y) prepolymers and the chain extended PEA(n,x/y) were characterized
by FTIR and 'H-NMR spectroscopy, differential scanning calorimetry (DSC) , and thermogravimetric analysis
(TGA)."'H-NMR spectra revealed that during the preparation of the PEA (n,x/y) prepolymers,some ester-
amide exchange side reaction took place. DSC studies indicated that after chain extension the T, and AH,  of
the polyesteramides decreased. TGA studies showed that after the chain extension,the thermal stability of the
PEA (n,x/y)s slightly decreased,but still a little higher than that of poly(butylene adipate).

Keywords  Aliphatic polyesteramide, Chain extension, Polycondensation, N, N'-Bis ( 2-hydroxyethyl ) -
oxalamide, N, N’'-Bis(2-hydroxyethyl) -adipamide, Adipic acid





