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Mechanical Property and Gas Permeability of Uniaxial Drawn PLLA/PBAT
Blending Film

YUN Xue-yan, LIU Meng-yu, LI Xiao-fang, DONG Tungalag
(Inner Mongolia Agricultural University, Hohhot 010018, China)

ABSTRACT: The work aims to study the thermal, mechanical properties and gas permeability of uniaxial drawn
poly(l-lactic acid)/poly(butylene adipate-co-terephthalate) (PLLA/PBAT) blending film. The uniaxial drawn PLLA/
PBAT blending films with different PBAT contents were prepared via a twin screw extruder, and the thermal, mechanical
properties and gas permeability thereof were studied. PLLA and PBAT were totally incompatible blending systems. The
addition of PBAT accelerated the cold crystallization rate of PLLA and improved the flexibility of uniaxial drawn PLLA
film in the vertical and horizontal directions, with the maximum elongation at break of 29%. The gas permeability and
permselectivity of CO,/O, were improved. Compared to the transmittance (3.8) of pure PLLA, the transmittance of
CO,/0, was improved to 7.6. The addition of PBAT improves the rigidity of neat PLLA and enhances the flexibility of
materials. Due to good adsorbability and diffusivity of PBAT for CO,, the CO, permeability and the permselectivity of
CO,/0, of the material are well improved.
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1.1 MRE5ig&

#1#}: PLLA( 4032D, NatureWorks, USA ) . PBAT
( Biocosafe 2003, fE[E ) . ¥ RUEATHAEFT H
FiALLE ( PPT-3/S12-20-250, J M 7 32 ) 52 56 43 By
IERARRARE ) | H R Bl ( XH-8750, AR5E
BILHTAERBRAA )  K2Z%HESIL ( Lyssy
L100-5000, Illinois, USA ) . # 7 F4 & #4r #r %
(Q20, TA,USA) .

1.2 Hik

1 )PLLA/PBAT iR AR 1)l 25 o B BT 529 10 kg
) PLLA 1 PBAT Hl47, &Lk 100 0, 90 : 10,
80 120,70 : 30 R4, 40 CEZS T 4 h J5iE AR
FrEF AL, BATBY R N 215 °C . K flEr H S T A
155 R [ AR AL AR T, 80 CaEA T %
i, HFEZEREE. ER 2N
PLLA/PBAT(x), %% x 103K PBAT 7EILIEY Y i
L

2) ZaHEMEMSH (DSC) o A Q20 Z/2-H
i e P AT R DU R R A R B, B
i (5~8 mg) 7E 190 ClHIE 2 min ML, R)5 1L
10 ‘C/min MTHEHFRFFEEE]-50 C, f)aHTHE
190 C.,

3) P 22 A = A B (MDSC)illiK . 78 1l
2 B b A AT 3O AT, AR AR
Sk, DL AR RO E g . MDSC F %
M BRI E 250 'CJ5, LA 2 °C/min T
TR NEE] 190 C, HMLE BN 60 s, IRIEH
0.318 C.

4 ) WY 1 2F PRI (o FH LA L AR 5 (B
fnE s WEESIR, BESUK 28 mm, 9% 5 mm) 7EE IR
T AT R, FIHER. 50 mm/min, {XEFE %
LTRARE DA 1IN INE A R 2 e R o M ] TECY [ SR
Jet R 5 B R SRR B B A 122 2. B 5 AT
FE o

5) AR RGBT EREI . WA
#EL SR GB/T 1038—2000 ffi ] Lyssy L100—5000
JEZ B SAGEATINEL . 5 CMEIRE TR, 439 A
0, il CO, LA X O, Fil CO, Wi %, M
a2 ASPATRE . AR B A B i (OTR)
B BGE 1 i (CTR)(em®/(m-d)), ARAE (D) AT
B R B o & B0(OP) B 4R AL Bk B o R OB
(CP)(cm’ m/(m*-d-Pa))LA Iz CP/OP Z .

B gy - EExD (1)

Ap

K D AR (m); Ap Ry i ) 420 <%

#2(Pa), BD—AMRifERSE (1.01x10° Pa) .
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vi, i PLLA nY#AFEAR I H B Z AME 20 ~ 40 Ci
FEVE T BT A H R, JE T PBAT AHI)
o5 i, T H eSS IR (1) Bl PBAT (U &
o E, AR (AH ) WREZ 3, Tkt
P PLLA 11,2974 59.9 °C, 5 PLLA/PBAT 3L )5,
PLLA 1 t, JLF- T84k, i8] PLLA Hl PBAT J& A AH
HIERZR, WE 1b,

3 1M1, PLLA i 45 M 87 114.1 C,
MUS N PBAT BV 45 i WEREARE] 99 CAEA . Bl
PBAT W& &M3EIN, B4MIBE () JLFAHA
1k, Ui PBAT Xt PLLA &2 T BAEH . X455
Wit , 7E¥R T PLLA 76 10 °C/min 4[5 E 3
BE TN AR BE T 4G i, E LR S A TR R R O IR
45, PBAT MIZ5 RIS TR/IN, THESREH PBAT M4
Al 5 PLLA B945 MmIEE A, AAEW B HIOWELS], i
PLLA A% RlG) HIAE 170 CLEA, 85 T BEEAE 7% ~
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Fig.1 DSC cooling and heating scans of PLLA and
PLLA/PBAT blend films
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Tab.1 Thermal characteristics of PLLA and PLLA/PBAT blend film on DSC cooling and heating scans

[ IR R Thi T
FE b PBAT PLLA PLLA
t4/°C AH4/(J-gh to)C  AHL/(J-g") tJC tJC AHJg") t/C AHJT g XJ%
PLLA — — 95.3 3.5 59.9 114.1 35.8 170.0 42.4 7.1
PLLA/PBAT(10) 24.5 8.1 94.5 3.6 60.7  99.1 30.0 168.5 38.0 8.6
PLLA/PBAT(20) 27.5 11.1 91.3 2.6 612 99.0 29.4 168.0 36.8 7.9
PLLA/PBAT(30) 31.8 12.2 91.2 2.1 61.0 985 26.3 168.0 37.6 12.1

M T, AH J9 PBAT (%5 S FIMERIAS 5 Two, AHy N PLLAT fO45 RGBS, THEZTE B AT PLLA #5480

22 FAREXFMEARST

FF] MDSC PLLA %} PLLA/PBAT 15 i i A {4
LR REREA T 0T, HAESHOLER 2, MDSC &
L5 DSC M HL, AT AR BAGR,  [R]RHE A h
T4 R 5 IS S ] AR AN ) 7 2R A S AR AT
ARG o 7E P ARG 2 R RT LA i A 0 E IR S
4B B85 A 2 72 R G A A, T AS ] 3t AR i £ 32 22
TRBLRE S 045 S AT Mo FEM AR BGR IR LA 2a,
TETHEEFE R, 1 BFFIT B —AS T A 5t 5 | 1 i

P, PR K A PR PLLA 20 T8 b A B £ 1)
I RER A gg MG EEAS WARRER A A g F5 021
LR THR, 1E 85.6 CH T L 7445 M, 1
168.6 CHIM T —PEANE LM PLLA BRI,
PLLA 5 PBAT R LI, M MDSC S#i &, 8%
BEALHEAR | ¥4 5 DL RO mhA T o AR H B2 4l PLLA (1)
PEEFT R MDSC Rl R 2 WAl 2b, "I LLE
#| PLLA MIBEESfbiL AR M BAE 654 C, W&
PBAT WU, 3% 388 Ak e A8 W B T L e ke A= A8 4k o
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Tab.2 Thermal characteristics of PLLA and PLLA/PBAT blend film on MDSC heating scan
B PBAT PLLA
o WC /T 1JC  1JC AH. (g ) 1) C AHJOg ) X%
PLLA — — 65.4 85.6 452 168.6 49.1 4.1
PLLA/PBAT(10) — — 62.5 82.9 37.9 168.6 46.0 8.7
PLLA/PBAT(20) -30.5 — 62.5 79.8 35.3 168.0 453 10.9
PLLA/PBAT(30) -26.5 113.3 64.3 79.0 37.9 168.0 51.7 14.9
HTER AP PBAT A& i /b, Ha b % A ia PLLA
WAHBEEH, BOKMLETUEATE-30 CL PLLA/PBAT(10)
F, 5 PLLA RYILR&GRILFIE. XA R L \
PLLA Fll PBAT W& & AR R g W
M 2¢ (R IR I 28 P T LIS, PLLA * m
s 55 I BILTE 85 °C, BZE PBAT W KRG M \M\f
tee WA GRS, URBH PLLA 99845 Sl , . . .
Po XALERGE 1b G A PR . [ 1b ) DSC =00 0 1000150200
5 AN E A KL 0 150 C SRR P LR o
#1190 CHyat e, THEZFEF PLLA M358 /b5 A8 IR
FIE TR SIE AT B R A T A R G PRy LA
DSC & & i BT FH A s (] 8 &8, PLLA BRI 44k PLLA/PBAT(10)
TR AR o DR R O A PLLA 7= iR HiA 5] \ PLLA/PBAT(20)
S REIT 7 22 48 W70, 11 P 2 o e 2 2 8 W P X
BEA2AH L ERRES, PLLA T4 RA155 TH PLLA/PBAT(30)
GEEAE , TR RS Z 0 R P A . A ST A
H1,PBAT B9 & = B9, H KR ] R B KR, PBAT . . .
FOT FEAE A PLLA 03 35T 5 = 45 Y e
T 7 M AR 2E T TR R v 2 S . AL 2¢ b T

AN, 76150 CAA BT EEE A, i E 2b M
LML E4E B 2 T PLLA JFHAKERD, 35607 PLLA 45 b
B[] B SCTFRR 45 4, 25 8H A9 PLLA 7E 160 CHM IR/
Al IREYH PBAT & &/, H PBAT A G455
FERAK, M DSC HhZe AN 2B i PBAT (124 il
W, FEE 2b FPAX AT LL7E PLLA/PBAT(30)f i £k il
L3 115 C A A PBAT HYHA fllig

2.3 PLLA/PBAT iRFEHI =2 MEE0 1T

PBAT M EHE—F R FIER AR A, SiEtE
PLLA IR BB A7 1) T4 = PLLA MR, S50
¥ PLLA Il PBAT il adf AN ] Eb 4] 230 5 82 WU ATB5
tIF i — 2 AR S BB . PLLA F1 PLLA/PBAT
JHE TS A P i | iR R R R RN T AR B T2 S8
WL 3o VAT RHE A — i BRI 5 1 ) B ) S
fHREE, Xz A G ) A 1] D7 1) g A PR REAB AT TR
ST

D 1] P AR R G S F8 VA RERL AR E ) T 1) R A7
J3, i fa e D) R A 5 ) 3 15 ) e T o
MFE 3 Rl EH, PLLA 9\ [ fr i i) s v 2 v ik

PLLA
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A/ C
¢ ARH[ R
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Fig.2 MDSC heating scan of PLLA and PLLA/PBAT
blend films
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Tab.3 Tensile properties of PLLA/PBAT blend films
HE=wp L] BE 2 AR R /MPa J IR 5% 2 /M Pa Wy 2 A /%
PLLA 1249+312 64.9£22.9 5.5+1.5
N PLLA/PBAT(10 59659 47.5+11.1 9.241.3
e (10)
PLLA/PBAT(20) 385423 27.9+1.1 15.1+1.8
PLLA/PBAT(30) 30812 15.3+3.2 17.343.5
PLLA 640+89 22.5+4.7 3.840.5
N PLLA/PBAT(10 474£39 26.143.7 13.8+1.9
i1 (10)
PLLA/PBAT(20) 241+71 21.243.8 16.940.9
PLLA/PBAT(30) 73240 12.4+1.1 29.142.1

PLLA 2\ [a] 57 {114 i AR 528 32 1= ik 64.9 MPa, i fik
] AR 22.5 MPa, 3 S PR Sk DA™ 46 3 S b A ) r
I PLLA FFU78 15 51 i MR o B2 3 & 2 1 B 1k b 2
MAWT 2R A RS LT A, B R PLLA
(B 2 KR AR 3.8%, e fi (i R/ NME £,
I B ) J S ] ) ) A 81 R R R 1 24N
PBAT J5, PLLA Zh[a) Rk [ v fift h 2 &8 7= 4E 1 ) il
M, HPBfZE PBAT S MBI, i o B A%, thrsd
R A UL PBAT U IR PLLA 785U Jr[a]
TRV ) 2 7 1) A PR B T
2.4 PLLA/PBAT ®£EER) O.#1 CO. i E T 1

K i A SR BT S BT E AR, B
A IS BRI T A YR ARG A
SRRL 75 4 BE 55 AN IR BT R AT SR B 4 R AR 1)
i 0y, B CO, RAMIIE . — kUL, REidr=mm
P ) AR A B TR AL M R L S B R R R

B PE, Nk EA BB SR COyY0, TPt
BERLPER AT RE, LUE D P e SRR A 4 AR .
PLLA/PBAT LR 3 [ (1) 1% CO, #1 O, PEBELL K CO,/0,
VEPE B L W 4, PLLA WA S BN
191.1 ecm*/(m*d), BB RZE N 7.55 cm®m/
(m*-d-Pa), CO,/O, EHFBE L HIUH 3.8, LI EEHE#
W] PLLA FHFBPEESSE, COL/0, E#RFE i LA, AN ik
BT s R % 5 PBAT HIRJE, MR E B
i B R, (HiE N RECE A H CO, iE it
HRIEER R, B RZBAE K, Uil PBAT Xt
CO, F BUF (WL B A9 1L RE T, CO, 1 55 i85 1k TS
B PBAT B COy0, ¥EFBEL LM 3.8
GHHRE R 7.6, FEA IR BE B R 0 IR iE
o A ¥l MAREL L REH,
PLLA/PBAT(30)3t IR Wi 536 B A S5 i A 2 i, T
A TR A S S A

& 4 PLLA/PBAT £E#RAE CO. 1 O. 1Rk
Tab.4 The CO, and O, permeability of PLLA/PBAT blending films

T D/pm 3OT5/ -1 3 O—l;/ “1.p,-1 3CT}}2/ -1 3 C—l;/ “1.p,-1 cp/
(cm’m ~d) (cmm'm “-d -Pa ) (cm™m ~-d) (cm”m'm “-d -Pa ') opP

PLLA 39.9 191.1+11 7.5540.43 726+73 28.62+2.88 3.8
PLLA/PBAT(10) 37.3 220+8 8.12+0.29 1293493 47.75+£3.43 5.9
PLLA/PBAT(20) 37.3 237+8 8.75+0.29 1483+85 54.77+3.14 6.3
PLLA/PBAT(30) 31.7 259+17 8.13+£0.56 1958+49 61.45+1.54 7.6

4 55

T Ak SRR AT H I 37 28 7 A o 28 I 45 3 G e Y
PLLA il PLLA/PBAT LR B, L4 PBAT T
hn, RIEEIRS T PLLA FIZRIHE A, PBAT i)
WXt PLLA AR AR B L Josg ), (HR
KGN T MR CO, B &, ARUbiEs T PLLA
X} CO,/0, EFEFE I M. PLLA 1Y CO,/0, #5513
M 3.8 #EmE 7.6, HFEZEFEHFLET PBAT Xf CO, H
AT 0 W B AN RO E o
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