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1.1 ERRFELEE

EF.B (PLA,REVODE110) ,M_ =1 x 10°, Wi
VLG IEA YA R R A R RINIGTR (PAA) M, =
800 ~ 1000, [ &k 30 wt% , K HE T B Rtk
B TT K vt (W) 1) e B BUAR AT BF H BIL (SHI-
20) , 1 B BRI HL AT BR 2 7 5 78 22 39 4 i UL
(DSC, Q20), 36 [ TA X &% 2 w5 w4 I 22 X
(AR200EX) , 38 [ TA {88 2w ; 37 v A8 e 21 5h
JEIEAL (FTIR, Nicolet 6700 ) , 3 & 28 B " it /K #}
o8 7] R T AL (Q600) , 5 [ TA UFF 24 Al
1.2 {#EHl&

B HET, PLA BB E T 5 KT 446 v T 80°C
AR 24 b R[] 1) RURR AT B AL Rl & A
733 PLA/PAA R ¥y, Hoh PAA % 5 73 5 K
1 wt% ,3 wt% ,5 wt% ,10 wt% Fi1 20 wt% . IR
B HLMCRL 2 BBk 09 3 R 53 0] 1 S 150 °C
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162 °C, 172 CHI 165 °C. ¥4t Frig ki B & T ok
KT HEF T 80 C T4 24 h B N 4y PLA/
PAA A

1.3 M5 R

131 fdsr it A 4 21 4RO (FTIR)

FE s 28 KBr F Jr 5 AT FTIR SR 1] 32 5 452 =0
MR LT AP 1% 63 7 [ R 400 ~ 4000 em ™. T
A 6 R A 1450 ~ 1460 om ™' il W Wi i F 70
—fbAbH.

1.3.2 s Mg It

K F R 3 98 o 784 0 8 2 I A8 ASOR A 4R A 0
R MR 170 °C, HEE %N 0. 01 ~ 100
rad/s, PAT I H A2 K 25 mm, 1 AR IE B A ik
FESTEL M R S D, B B e 2.0% . 1.5
mm 5 [0 A8 I 5k (5 F 8 AR R R ) A5, H A5
976 170 CHi#A 2 ~3 min J57E 10 MPa F#E 5
min, HER 3 K, &G E 3 min.

1.3.3  DSC izt

FIH] DSC 48 PLA/PAA LR i0FE i) s Al A7
J AN S5 AT . e L 10 K/min (538 5 30 °C
TF 2 200 C , {5 3 min {4 R 5, 2R 5 DL 10
K/min 338 Z & E 30 C,H /5L, 10 K/min 33
FIHE 2 200 C, B H B 0 R — R ITHR
it £ AN 5 Rk R i £k
1.3.4 TGA i

FIFH TGA %2 PLA/PAA JEIR RE i $ % i
1. g 4 AR T LA 10 K/min U R
T+ % 800 C; ¥ iH X H & 10 ~ 13 mg.
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Fig. 1 FTIR spectra of PLA/PAA blends with various PAA

contents at a range of 1500 ~2000 c¢m =

The spectrum of PAA is in the inlay of (a) and (b) is the

details of (a).

2.2 PLA/PAA HBUEKZEHIBERETA

Kl 2(a) MK 2(b) 7050248 PLA/PAA JEiR Y
0 fitt B A2 R A R R il 2. IET 2 () AT, 55
4l PLA L, PAA BYES NS PLA Ffiff RE L & i
AR, X B2 R T HEB/NY PAA 7 THEA L
GHESAE T D TR PAA B ES N2 fie ik PLA 731
HEAS B fif 45 T A7 PLA/PAA JLIR A & (Y 6 4
SLPE N B AR B PAA B i 9 BICAE IR W Y
fERERE B (G7) AL IF A I, R 25 PAA & &Ik
) 20 wt% IF, G' 1 [ i J3E I OR 4k 2k K X nT g
I F PAA 5 PLA 2 Ji] 9 S8 A5 1. 7E 18] 2 (b)
H,PAA BN T 20 PLA/PAA JHIR 1K £ 19 2 8K
FHRE LAl PLA AR, X2l T PAA A B 2 5L
i, %F PLA 284 W4 HI B 2. #1 %7 PLA/PAA JLiR
RARME (B 2(b) G E ), PAA &8 3 wi%
IR IR AR R AR L PAA 538 1 wi% RYJLIR
PRI B A TR . 5 Z A 2L, AT RE =
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o SR
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¢ N O0ooooo 000000 N P N
ni 0k [nlula’alulu'alnla'alale's'=l='s sTe 2 00000, o e 4 F PAA X PLA #8984/ , R BT 24
= A PAA S RUESE (B F 5 wi% ) i 36 IR 9 5 $OKs 1%
R [ ———— W1 R R
R — 2.3 PLA/PAA #RGRNERITH
02, | | e AR TV, B4 AR bR B 5 4
1072 107! 10° 10! 102 ML AT IR LB 5% A & EE W
o) Z7 X PLA/PAA B2 2% Ak S B I 45 R
Fig. 2 Rheological properties of PLA/PAA blends: (a) 'Mi/zf‘: , ;H\:‘{/‘?\ 2%5%&%%@,’/’?% ( 4“\{5_’\}"&%'1( Fé—] 4 ( a) )

storage modulus G' and (b) complex viscosities 5~
Complex viscosity at 0. 1 Hz with different contents of PAA is in

the inlay of b).
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TR R AEIE RS TS (R R 43 2 A8 B2 L R T A 1) s st
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ANTE A B R R s st R S, JE IR 119 Cole-
Cole i 2k 38 & 2% 8L}y W1 4~ 2 3 5 11 B 46 2
G202 g 3 R, 54l PLA 2K B JE Cole-Cole
148 46 1, PLA/PAA R & 2 % Cole-Cole il 2%
B LB i R B4, ik T LA 2 i T A
ZR A T AN T) S st DR S AR T 5 L A Y,
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VA Lo o 3 m (&L 4 (a) IR 1), 3X 7T g J2
PR S & T, PLA 5 PAA JE B A & 5 ) 2% X
PLA 4345 112 3 e 71 A7 — a2 Hb BHL 5 4 FH i fefi 45
PLA [ ¥4 45 & 76 AH X 3¢ 8 i B2 F & A= AL el
F AW 2% % PLA 77 A [ 3 Fl sy 3 o 24 =
FX 43 PLA 43 5 A BEAF S W A% A3 T £ 2 B
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AP, i H, 2 PAA FEEE 3 wi% i, S
PERIXE PLA 735 i A48/ ] o 12 3%, AT 3 A
oy THEHESIHEA S B BE T, T A A T LR
L5 R S 6 A o 5 R R R 1 v (2RI B2 FR 4G
FREREREYIRAR P d A RiE™),
1M PLA/3 wt% PAA IR URE A9 ey AR UL 448 it 0 1)
Ko X HBHE PLA/T wi% PAA LR FE g A BEAR. X
MM, 24 PAA & Bt — L3 (5 wit% ~20 wi% )
W, R Z b PAA ISR T G 2, BOR R 2
P 1o T4k 12 Sl RE ) T 45 45 e 7 A S AR
W &R I HA F T PLA 25 8 (4 58 35 , 8T
A5 A IR AR A T, o8 A 0K 3 o g oo R Dok />
T 5 8 i A e LA
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Fig. 4  Thermal behaviors of PLA/PAA blends with various
PAA contents at a rate of 10 K/min: (a) the first heating run

and (b) the second heating run

ME4(b) MR 1 Al LA B, BE# PAA &5 &
g, SEIRAR R OO R T &
A I g DA R S A8 B B (X,") 58—k T
TR A S AL A e, (E 7 A W B A0 T s
ANXFTRESE TR T — A S, PAA Y 2y

HOIR G A BT Bl AE , AT 5 B PLA/PAA LR 1K R
) SR K PAA (835 94 T B =2 ek s (S
A5 R AR ) B, FR AR A IS 2 TAE
TEA M8 PLA/PAA IR AK & 40+ Al S SEAE A
(] o T ek A v ) G P A A )

Table 1 Thermal parameters of PLA/PAA blends with various PAA

contents in the first and second heating run

Content of T.,* r.," X.® X"

PAA (%) () (C) (%) (%)
0 108. 7 112. 4 29.10 31.00
1 112.8 110.3 36.74 36.35
3 111.9 111.6 33.62 34. 80
5 109. 5 110.9 36. 11 36.23
10 106. 2 108.7 37.46 40. 02
20 106. 2 107.5 40. 80 42.77

m

0
Hm

x 100% , where AH, and AH_ are the enthalpies of

Wy
second melting and cold crystallization cycle, respectively; AH®, is the
melting enthalpy assuming 100% crystalline PLA ( we used 93.7 J/
g), and w, is the weight fraction of PLA in the blend; a and b
represent the first and the second heating run from Figs. 4 (a) and

4(b), respectively.

2.4 PLA/PAA HXBERMMMPEMITH

&5 k4l PLA, PAA L) &% PLA/PAA g {4k
R TCGA 4, H H 7 T % A& PAA 19 A XF
PLA R EE AT A M 2 ma. LS dhal LLFE 78
150 CZEA7 B, PAA SAF ) 0 & £ B AR 28 L T 35
1 (30 wt% ) , 3% & i T Hov 9 K o 45 R BT 2 T
PAA (1 B A% JU] A 240 °C i A4 JF I & A=, XTI PAA
TESZ PR ol A8 iR 23 R 2R R AR 1.

AR PAA PRS2 PR 22 (N 240 °C RIJT 45
Mg ), fH4li PLA UL K PLA/PAA LR AL 5 M
320 C WA FF G BEAR , B, PAA B35 X PLA
B AT R LTI S22 0 B PAA IR
TR BE 2 20 wi% B, H TGA 4k {55 46 PLA i
WAL, T PAA (5] AR &5 PLA/PAA
TR AE FA T 5k R v 0 o R B A 3 RT RE R R
PAA 5 PLA Z [H] i 05 W 26 32 5 1 431 i) i) AH
HAEFWIE— &R LR T PAA MRS, AT
FH PLA/PAA 25 SRR 09 #8208 ME A 9 i
FEAIC.

3 i

AR SCH I il i 4 T — R 51 B9 PLA/PAA
RY, I % A& T PLA/PAA JLIR K R 9 45 1R U
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Fig. 5 Thermogravimetric analysis ( TGA) curves recorded at

10 K/min for PLA/PAA blends with various PAA contents under

nitrogen
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EFFECT OF POLY(ACRYLIC ACID) ON THE RHEOLOGICAL AND
THERMAL PROPERTIES OF POLY (LACTIC ACID)

Xiao-rong Lan, Xiao-ting Liu, Sun Hua, Zheng-ying Liu, Bang-hu Xie, Ming-bo Yang
( College of Polymer Science and Engineering , Sichuan University, State Key Laboratory of Polymer Materials Engineering,

Chengdu  610065)

Abstract Poly(lactic acid)/poly (acrylic acid) blends ( PLA/PAA) were prepared by melt blending. The
hydrogen-bonding between PLA and PAA was analyzed by Fourier transform infrared spectroscopy ( FTIR).
The rheological properties, thermal behaviors and the stability of PLA/PAA blends were also investigated by
dynamical rheological test, differential scanning calorimetry ( DSC) and thermogravimetric analysis ( TGA).
The FTIR results indicated that the hydrogen-bonding interaction was existed in PLA/PAA blends between the
oxygen atom of carbonyl (—C = 0) on PLA and the hydrogen atom of carboxyl acid groups (—COOH) on
PAA. The rheological behaviors and cold-crystallization behaviors of PLA/PAA blends were changed with the
contents of PAA | because the formation of the hydrogen-bonding in PLA/PAA blends was influenced by the
contents of PAA. Meanwhile , the hydrogen-bonding networks were also affected by the heating history that the
blends underwent. When the content of PAA was lower than 5 wt% , PLA and PAA was partially miscible,
which was favorable to the formation of hydrogen-bonding networks between PAA and PLA chains. And the
formed hydrogen-bonding networks can partially decrease the effect of plastification of PAA on the viscosity of
the blends. However,when the content of PAA was greater than 5 wt% ,the phase separation of melt PAA and
PLA became serious,which counteracted the formation of hydrogen-bonding.

Keywords PLA, PAA, Hydrogen-bonding, Rheological behavior, Crystallization behavior



