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T RIS, R ER AL A B R I ARG A, i A R T RN ) ADR
SO, AL S AL ER A R I 5 BRI (A ) S SE, TR AT IR R A A . FR AR
W2 NG IS 5 & PLA I PBAT 85 Rui (1) 2 2 R S M E B Re B ) N, T PLA-g-PBAT H[E] {4k,
BEM SN PBAT 5 PLA 2 [A)fMI A1 o 3% 3810 25 05 1 25 5 DR @ e B -3 i A48 e i it R 2 A,
W REACHRAE, AN L2 MR R, i B m 5 S R RE
BT AHAH A S, AR SCEEHAE PBAT/PLA HRAK R 5| NBUR A YY) PBAT-6-PLA, il id ik
BR G Y ) PBAT kB 53LIBY) i) PBAT MHAEH, #RBURGW 4 ¥ PLA R BL S R 1 ) PLA
FEAE R, S SR A AN AH 25 10 9 A 1) Frg <t 2000, 3 T 184 8 VR A 7 A 2 TB) PR AR 2P, El G R
FeH PBAT A 35 F1 PLA T2 0 %5 IR 8 A B B . WAERMATH G RY 0 T &
(3.0x10% 8.5x10* g/mol) HIHR B K AW PBAT-b-PLA [5:Rt_E1101, ¥ PBAT-b-PLA 5] A\ G HLiR
1k % PBAT/PLA i % = 034 IE Y PBAT/PBAT-b-PLA/PLA, WF 5T ik B ER & Wk JL IR 4 1 186 254
SR BOR G 5§ EEAS R SR Y e Re . Ot EtERE . UK BE IR YERE R L, R R T
PBAT Fll PLA )] B BT A BHR A S0 A 48

1 SERHH
1.1 JERERH

EWEWNALNE (L-LA, AR), WHETFEISEEDMEAIRAR . TT/KLE (EtOH, AR), JEHK
H AL 2 AR A T . FERIAS (Sn (Oct)2, ARD. ARG (CDCls, HPLC). VYK (THF,
HPLC). —HZK (DMB, AR, #T+) A& HH (CH.Cl, AR), JHH Adamas {7 HRA . %
AR (PLA) Rkl (4032D, M,=11.9x10* g/mol), ¥ H 3£ [F Nature Works A 7] . X ~HR-C
TERT RS (PBAT) Rkl (A400, (35T 8 Ma=5.3x10* g/mol), MWH & KR HRAF . AT
Al E MBI EERME, Rt — S b,

I A400 JKfEHI SRR H TR GRS RBESHIREE IFESRD 4508 0.9%10* g/mol
(PBATo )+ 1.4x10* g/mol (PBAT4)+ 2.0x10* g/mol (PBAT2x) A1 2.7x10* g/mol (PBAT»x) [
PBAT. i#iid PBATox. PBATas+ PBAT20k« PBAT 73 3 51 K L-LA I, JE#%H] PBAT:L-LA Jii
TN 30:70, 1) 45 75 2% B 5T & EL (PBAT #: BL:PLA #1 BN 30:70, #0349 7> T84 5~ 3.0x10* g/mol.
4.5x10* g/mol. 6.5x10* g/mol. F1 8.5x10* g/mol [k B 5 &4 PBAT-b-PLAIYL, 43 5l 4 44 24 BP3ok~
BPasi. BPgsi Al BPgsio
1.2 SEHdE
1.2.1 R4 e9% & ¥ PBAT. PLA. PBAT-h-PLA (BP3ok. BPuscs BPesks BPssi) $% [ PBAT 5
PLA )i & A 30:70, PBAT-b-PLA NILIRY) SR 5 %M LR A, WMHEZE S0 ml & HEH,
RN 2 SR 8 1% N2 800 mi =y fi £ 1 £ | Fh 13 B 2UIR VT, VT
M CBEEYe, RIGERT M T 60°C T4 24 h, 153|451 PBAT/PBAT-b-PLA/PLA FLiRY), 737
fir % N PBAT/BP3ox/PLA. PBAT/BPusi/PLA. PBAT/BP¢si/PLA. 1 PBAT/BPssi/PLA . 254 J5 i) %%
T JLILIEY) PBAT/PLA (PBAT:PLA Jii &t N 30:70), 1E X BEEE.



H T IMRRRE S TR
POLYMER MATERIALS SCIENCE & ENGINEERING

1.2.2 2R E R 69 H) &l HUENLCELS SY-6210-C K 1 5t 1] 4 4 (9 FL IR 9 T 200 °C 44 b 5 min,
SRJET 10 MPa JE 77 F#JE 2 min, B & T VKoK i pRade o J0 0% ik s, 85 J5L 2 (10045) pm.

1.3 WiR5RIE

131 ELRWEBRRESEMHSH: KA X FLATHIX (XRD, A5 Ultima IV, Rigaku A&, H
A W IRERLK . KSR 40kV, IR A TR 5-30°, $##E R 3°/min.

1.3.2 2 REEBF AL RHAMEBE 72648 (SEM, A5 Apreo S HiVoc, FEI A, 3%
FEL D 00 %% VR 0 v I 22 A S0 I S PRI BT TR OWL T 35, s L s D 10.00 KV, BRI 4, TR RUE A
20 pm M 5 pme AEEHFE S BEALIZE 30 AN 73 HOH BURLE A7 RO D&, B RSP I AR izt i
(1~ 25 53 Bk R T

1.3.3  HRBBATH 947 RAZREMENL (DSC, BS54 TAQ250, TA A#], FE) Wikit
BV PAT A AERSAT, AERE Y 50 mL/min, A-70°C J1#E] 200°C, THEHE & ¥ 10°C/min,
PREF 2 min J5AH 2 -70°C HAREF 2 min, B 5 4% 10 °C/min FhEE BT 28 KT, I#E 200°C.
B T RIHR & T R AT A

1.3.4  HRAFE R AK: RHTRMEHREHL (245 UTM4204X, 1000N f£i& 2%, SUNS
A, FED, %I ASTM D882-10 Frfk, MGV K H i PERE, HifHiE 2% 100 mm/min. Xf
T R A AT FUCPATINR, xS FLR AR S AT Y, 45 21 V6 5Dy 28 Bk (1 o el 5 F55 0 i 284
(IR

1.3.5 SRR R E L F MK SRR WG ot it (A5 UV-2600, Shimadzu A7, [
A MR IRV DGR, WA ACTE FE 400-780 nm, WA E BE 1 nm.

1.3.6 R4 A A ARG MK RAHAEAEL RN (A5 VAC-V2, Labthink A7,
E), #¥EEFR GB/T 1038.1-2022, 7E 23°C/ 0% RH 21F R /R (>38.48 cm?, ®=97 mm)
MEARBEREY (), XREEEBEAE BT =0T, = R 45 R 414

1.3.7 ER%FRK AT EERERMNK: KHKEZERNA (A5 W3-062, Labthink A A/,
fHIED, HR4EE SR GB/T 1037-2021, 7E 38°C/90% RH 2 F R iR AL VR I (>33 cm?, @ = 74 mm)
KA RBE R 00, WERERFE AT ZUCPAT IR, B RN, R 2 1E .

2 ZR5W#
2.1 FBMPAT R

Fig.1 R T IR AAT R, FHorb Fig.1(a) @& IR Y ETE 25 /R 3 4 B 30 o0 i R i R 2 g B2 s
(F36 R FHR M 2%, 4R Fig.1(a) M2k i & BRSO i BB AL, 3d il V) 2 A1 3 IR Y 1) B 4k
W, 253w Fig 1(b)iam. Al W, FrA 3R L PBAT AH I B4R B Tl A PLA AH 3
IR S To2, ZMAHB LIRS 2 ZEAT, (ATy= T2 - Tol) RILRMAARmA AR, 5=t
ILEY) PBAT/PLA AT, (94.22 °C) ML, =JuILiBYIHIAT, G BN, 5k B A W0y 7
TR, SREEREGMEIN ST 54508 8.5%x10% g/mol. 6.5x10* g/mol. 4.5x10* g/mol. FI
3.0x10% g/mol B, = JCIIBIIIAT, 4354 93.93 °C. 93.28 °C. 92.93 °C. A1 92.63 °C, AT, Jk/N %
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B 3VR YR PBAT AH 5 PLA AH 2 18] FRAH 25 1 32 i 12, 3 A 28 1 1) 3 FHIR T R B R
% PBAT #H5 PLA FHISAER .

op

¥ PBAT-b-PLA

@) [peATPLA (b)
= |PBATBP, PLA 60
g PBAT/BPg;, /PLA 8
° 40 +
§ |ZBATEP 5 PLA e
- 5553 95594 s
2 [PBAT/BP,,/PLA 5 !
w w20 n -
_ 5 i i
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- 5 2 BAT/BP o PLA 20| !
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Fig. 1 (a) DSC second heating curves and (b) T of different film samples
2.2 LBWHIRK S 5 BT E S

Fig.2 Nl 4 LR MR G X- 26475 (XRD) k. wT WL, JLIRMH N XRD 2k 2
DLTET MRS E, TEARBLMSE Mg L, @I XRD #2461 45 fn e it AT B L A, 3 EIRR
VI IR 45 58 FEAE 0.5% % 0.8% B N, (KT 1%, R HIFTil & HL R P i Iy 4E d s i

PBAT/BP,,/PLA

PBAT/BP,;/PLA
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Fig. 2 XRD patterns of different film samples
Fig.3 Fron ARV EELE 20 pm A1 S um U R W LS, Fig.d B NTE Fig.3 2l g &
Giit15 2 i &SR M R A A B R SE . B Fig3 AT L, e 3LIEY PBAT/PLA(Fig.3(ar), (a2)AH
FUOM G M, M o & MR, PBAT 2 B RSP BK, 8 5712 nm ;. = ot D
PBAT/PBAT-b-PLA/PLA(Fig.3(bi)~(e2))fH L TR HT, AH 7> B2 L R FHITS, 40 BOH R T B2 N
1200 nm AR, ARk = o3 R Y0 BUH R ~F I8 21%, BE% PBAT-b-PLA #45> 1 & 1 8.5x10* g/mol
WM ZE 3.0x10% g/mol, 4 BUM R <) B 1187 nm & #i Jik /N & 426 nm (Fig.d), RPRBEE AV
PBAT-b-PLA MY & 23 3% PBAT A5 PLA AHZ [ AHZ 1, 1 ELAE A RO 2 0 B R, 4% 41

RBCR AW 5y S AE A BAR VS 1 P9 A R TN SR P 43 B R
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Fig. 3 SEM images of different film samples: (a;) and (az) PBAT/PLA; (b:) and (bz) PBAT/BPssi/PLA; (¢1) and (c2)

PBAT/BPsi./PLA; (d1) and (d2) PBAT/BP4si/PLA; (e1) and (e2) PBAT/BP3oi/PLA
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Fig. 4 Dispersed phase size of different film samples
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2.3.1 HRAFALE A F AL Fig.5 2SR Y AR B ) - S AR it 2k (Fig. 5 (a)) AL i B A i fif
W7 244 K 3 (Fig.5(b))» iBIT Fig.5(a)m LA i, PBAT/PLA JLIRY) B AE K A 8 s DRidi b8, W
AL 15.6%, 1 PBAT/PBAT-b-PLA/PLA FLiRY)H I [X] PBAT-b-PLA #(37r T8 AR, E£KAE
JE e Je EEBUAN )R B2 )72 200, IR e, W AR R T 100%, fufiisi A1 5 PBAT/PLA 3t
TR YDA 24 . PBAT/PBAT-b-PLA/PLA FLIR Y)W EAN 7 1) i A 1R RE IR T ik B 2K &%) PBAT-b-PLA %f
PBAT 1 PLA HJ$825AE H o 1Z Mk BOR S W AEAR AR 25 R B BK 5~ , 72 PLA 5 PBAT P AH [ 2 21 “#f
e, A RBOEAR I OK T« A2 SO RS IR st A S 45 o 3 9 10 51 8 5 (43 90V PBAT AH
REMEAE 2 SIS ROy AT, F5 R B RN AR TEAT y, BRI A SO R R 130, AR BN W 2 K %
PN /FE/ A

Fig.5(b)45 BB, BB &) PBAT-b-PLA #(¥)/> T8, PBAT/PBAT-b-PLA/PLA ILiEY)
VLR A 5 P AR AN K, (R R A I A K 26 K AR 8 fk . B 4G PBAT-b-PLA 140357 78 M\ 8.5%10*
g/mol P& % 6.5x10* g/mol. 4.5x10* g/mol. A1 3.0x10* g/mol, FLIRY)E MR 58 2 A K, 475K
33.1 MPa. 31.1 MPa. 33.1 MPa 1 32.8 MPa, {HHL{H W Z A AR ANA MG 0, 705024 116.1% 191.7%-
228.9%. 1 276.1% Ch iy — oL VR R I 2 3 15.6% 1 17 £, A0 T oA SCHER i 38 i)
PG SRLO10ID) o X — AR KA T L VR A0 AH B84 K 43 HORH RS B R B R 5 W0 23 1 = ) AR A R
Iy FEBARN KB EWE S TITBH E LT PBAT M5 PLA AHA M, H 43R HiRBRE
Vi SE (5%) &, REREWEY»TEBIK, BReVr rilEmszs, £RHEEYR
T PR T 1 AR BRSO AR SRS W I 1 A P st i, 3R T SR TH W AH AR TRV AR A 1, (230 I 7 A% 34
BUEM RIS &

(a) 35} (b) 40 Tensile Strength A Elongation at Break
—_ 4320
s 3
28 | o 2
E 30 K4
w < {240 ®
[ =] [
o 21 =) &
= [
0 =20t 4 160
o 145 PBATIBPs5/PLA | PBATIBP . /PLA ﬁ £
5 PBAT/BPg5/PLA = =)
71 |PBATIPLA PBATI/BP 5/PLA S {80 2
210t s
[}
°r Jo
. . . . . 5 =
0 80 160 240 320 P84y, SAgy Sar, A ST, PB4 g
Strain (%) L4 as/Py 4 SQ/PL,q 45"/pL4 Jgk/pLA

Fig. 5 (a) Tensile stress-strain curves, (b) tensile strength and elongation at break of different film samples

232 EHRMIFEGE AN Fig.6 P IRV EIEA 400-780 nm K56 B A 137G 3R 25 3 .
i ERY, Z oot RY PBATPLA M i B KWEHMIECARFZEIHE, =0 iRED
PBAT/PBAT-b-PLA/PLA JU%f 500nm LA E KGRI — @2 B RE L, XMo@ 1tk B 3L R Y
ik B3R & ) PBAT-b-PLA #0377 T & WA M A T ANF . B3 PBAT-b-PLA 1) %035 5; + & M
8.5x10* g/mol P& % 6.5x10* g/mol. 4.5x10* g/mol. F1 3.0x10* g/mol, = JCILVRYI K A= 6% I X B 1)
BAR G KA, /3 H%124 700 nm. 610 nm. 600 nm A1 550 nm, X 45 52 I K 1006 1035 o R 8 (o
X 750nm Y, FEEEDHN 1.4%. 2.6% 3.8%F 6.4%). =ICIHIRYIE M1 IX — 281k B N
T IR 7 WO RS B R BOR B B o T R AR . BEE R BCR B ES 7 F & KB AR
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W, BTk = o3RI A B R~ 28 BIA 1187nm. 756nm. 724nm. 1 432nm. 438Uk R SF#OK, H
TGO RN, K AR e i o B S G R AR R K . H A2 PR T U R ~F, IR 780nm U
KI8T R B = UN 8%

14| —-— PBAT/PLA
— — PBAT/BPg,/PLA
_ 12} - - - -PBAT/BPg,/PLA
§E10_ ----- PBAT/BP,5,/PLA
3 —— PBAT/BP,,,/PLA
c
c 8r
E
f=
S 4t
=
2+
oF

400 500 600 700 800
Wavelength (nm)

Fig. 6 Transmittance curves of different film samples
2.3.3 LA e TIRIR AL . Fig.7 Fron NGBV KKK B IE R B w00 Fig.7(a)
RBERB(C > Fig 7o) MR . AR TIR S T9 83 2 AR B, RS AR5 1E REORAR,
2% R 12 S B BEL R MR US55 s IR Y ,0(1.25%107"3 g-em/(cm?-s-Pa))
,(2.45x101 cm*-cm/(cm?+s-Pa)) AHEL, =ZJCILBWIHIRN pofl A PTEREAR, RWIJE &0 K7
SRR BB PEAR T80 . X PP RS R R SR £ AR T = e R B TR BOE R 5N
WhaR T SR A R A 25, i PBAT 5 PLA W AH SR &4 0~ R] 1 45 4 14 5, AH FL1HI 1A) B9 /) (Fig.3),
AR T AME L R 0. X HERBIE R BB AR B E RECEORI, BT A
LA Ay P Ay 8, KRV ER BRI X5, 8038 2R (0346 nm) /N T a3 77 HIER
(2085 nm), RSN TR A W S AL R AR AL O BURR, BUE R UBE R BRI IEE
FIKERBIE R BRARIEE . = o IRH I5 tf PBAT/BP3ok/PLA HISE/SI518E R EURAK, N 2.18x10-14
cm?-cm/(cm?-s-Pa), & . u LRV I PBAT/PLA /B E 5 40(2.45%10 ecm? cm/(cm?'s-Pa)) ] 89%,
HKER BB R B RAL, v 1.18x1013 g-cm/(cm?-s-Pa), +& PBAT/PLA /K#/S %1% £ 8(1.25%x1013
g-cm/(cm?-s-Pa))f] 94%. BEF#HILIRY R BER A Y PBAT-b-PLA HI%35 73 T B M 8.5x10* g/mol P& 2
3.0x10* g/mol, LR B /K Z B & R H 1.23x1013 grem/(cm?-s-Pa) i 2> 1.18x10°1
grem/(em?-s-Pa), KA SPHBRPERE AR T, A ABIE REH 2.32x10 cm?-em/(em?-s-Pa)Jd />
£ 2.18x107* cm®-cm/(cm?-s-Pa), B H ARG RERIR T, X — 2S5 IRVE T iR B R & s 7
TR AT R I SR AH BN J o3 WO RS2 4k« #E 3.0x10* g/mol % 8.5x10* g/mol #3477 & Vi
FN, BRBERA W FERRAL, JHRYEUE RS/, PBAT 5 PLA FAH FV1H (B Bk /N, SAkE
AL FLBR S B AR kD, A B R 1 R R
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Fig. 7 (a) Water vapor barrier property and (b) oxygen barrier property of different film samples

3 4k

JLIRY) PBAT/PBAT-b-PLA/PLA [k Bt 5 &4 PBAT-b-PLA B2 A 2i&F+ PBAT A5 PLA #H
] R AR A, I8/ 2 WO RS SR TR BT RSB o £E 3.0x10% ~ 8.5x10* g/mol (34 1 & 16
M, B PBAT-b-PLA #1575 ¥ &8 /)N, PBAT/PBAT-b-PLA/PLA 3 #ik R <1 I/, H I {X A PBAT/PLA
SPBUHRSE (5712 nm) 1 0.07 % FARPIER N CRifsa AR A K, 5 PBAT/PLA #HiE, Fifif
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Compatibilizing Effect of Block Polymer PBAT-b-PLA in
PBAT/PBAT-b-PLA/PLA Blends and Its Influence on Blend Properties
Han Zhang, Jilong Cao, Long Jiang, Yun Huang, Yi Dan

(State Key Laboratory of Advanced Polymer Materials (Sichuan University), Polymer Research Institute
of Sichuan University, Chengdu 610065, China)

ABSTRACT: To develop novel blend materials combining the performance advantages of poly(butylene
adipate-co-terephthalate) (PBAT) and polylactic acid (PLA), in this study, the block polymer PBAT-b-PLA
was introduced into the PBAT/PLA blend system, forming the ternary blend PBAT/PBAT-b-PLA/PLA.
The compatibilizing effect of the block copolymer on the blend and its impact on mechanical, optical, and
gas barrier properties were systematically investigated. Differential scanning calorimetry and scanning

electron microscopy analyses reveal that PBAT-b-PLA significantly enhances the compatibility between
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PBAT and PLA. The dispersed phase size and the difference of glass transition temperatures (ATy)
between the two phases decreases from 5712 nm and 94.22 °C in the PBAT/PLA blend to less than 1200
nm and 94.00 °C, respectively. The dispersed phase size decreases as the number average molecular
weight of PBAT-b-PLA is reduced; when the molecular weight decreases from 8.5x10* to 3.0x 10, the
dispersed phase size decreases from 1186 nm to 426 nm. The compatibilization by PBAT-5-PLA endows
the ternary blend PBAT/PBAT-b-PLA/PLA with superior properties compared to PBAT/PLA, and these
properties vary with the molecular weight of PBAT-b-PLA. As the molecular weight decreases from
8.5x10*to 3.0x10%, the tensile strength of the ternary blend remains stable at approximately 30 MPa, while
the elongation at break increases from 116.1% to 276.1% — significantly higher than the 15.6% observed
in PBAT/PLA. The onset wavelength for light transmission gradually decreases, whereas PBAT/PLA
exhibits no transmittance in the visible light range (400~780 nm). The water vapor permeability
coefficient ( p,0) decreases from 1.23x10"% g-cm/(cm?-s-Pa) to 1.18x10"3 g-cm/(cm?'s-Pa), and the
oxygen permeability coefficient (, ) decreases from 2.32x10'* g-cm/(cm*s-Pa)to 2.18x10°*
cm?-cm/(cm?-s-Pa), both lower than those of PBAT/PLA, indicating enhanced gas barrier performance.

Keywords: polylactic acid; poly(butylene adipate-co-terephthalate); block polymer; blend;

compatibilizing effect



