5550 4, 58 11 4] T & @ B N H Vol.50, No.11
2022 4F 11 1 ENGINEERING PLASTICS APPLICATION Nov. 2022

doi:10.3969/j.issn.1001-3539.2022.11.001

FRNIERESIHESERTEHEH PLA/PCL L E# 1Y

BRESR, HHKE, TE', Bk, BEAL, XINR ', SWE ', £5%', B, FO!
(L AN Tl REFAT RS {2 TR B R 28 R A R A E S 500 % AR 4500025 2.9 pg 4 Hh I SERIHLARCA BR AW, 45 450000)

HE: AR T AB(PCL) 4388048, 7+ ZLEE A = F+ FUBR BS (IBDI) 4 3 27, K A 45 b 55 R 38 A A8 45 60 77 ik st
£ RSB (PLLA)# 473840, B 5% PCL A= IBDI 5 4 7% 5 L8R (PDLA) 3t 47 B 343, ) 44 A PCL-IBDI-PDLA —
BHEER MR, ME¥LL PLLA 2%, BRI M 42 F PLLA 55 PCL A8 & v % PLLA S 4k aﬁﬁ’agé\fﬂ
PR(SC dhiR) e AR 3 7 Ak mh b | 38 33 A48 5 4 89 SC dh thitt — 32 3 AR PLLA 5 PCL #9 o 45 638 2, 4] &4
MF LB (PLA)/PCL 4 H, @itaieF2 ﬁﬁ%f%ﬁ%m%ﬁﬁ%%%%#ﬁ%LﬁT%m%%ﬁ“%%
R E R A PP kb & e 3R P LR R B R4 69 PCL 5448, B PCL 4348 F= 4R PLLA 69 A8 4 &) T 4%
M. % IBDI4AZw)3m PLLA A2 PCL #9454 /1 & TR @ 4L SC dh Wk 69 A mIFE 3538 WA AR R & . L 1BDIA
B L5 BT, A6 B v ok R 38 JE A 68.4 KI/m’, B B A% K % 306%; IBDI 4% h 2.0 I B, B v b R E A
77.9 kI/m’, iy LA K 5 284%,

KIR: RALB RO AEE ¥ R M2, S M H &4 4

RESHES: TQ323.8  XHtRIRA: A XE4HS: 1001-3539(2022)11-0001-07

Preparation of Super-toughened PLA/PCL Blends via Reactive Compatibilization and
Stereocomplexation Crystallization
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Abstract : Poly(caprolactone) (PCL) was used as toughening phase and isosorbide diisocyanate (IBDI) was used as compatibil-
izer to toughen L-polylactic acid (PLLA) by crystallization and reaction compatibilization. Firstly , PCL and IBDI were blended with
D-polylactic acid (PDLA) to prepare the master batch containing PCL-IBDI-PDLA diblock copolymer. Then it was blended with
PLLA to form stereocomplexation crystallization crystals (SC crystals) at the interface between PLLA and PCL and in the PLLA
matrix. On the basis of reactive compatibilization, the interfacial bonding strength between PLLA and PCL was further improved by
SC crystals at the phase interface, and the super tough PLA /PCL blending materials were prepared. The morphology and properties
of the materials were characterized and tested by scanning electron microscope and universal testing machine. The experimental
results show that no aggregated PCL dispersed phase is observed in the blends prepared by the two-step method, and the phase inter-
face between PCL dispersed phase and PLLA tends to be blurred. With the increase of IBDI content, the binding force of PLLA and
PCL is enhanced due to the presence of SC crystals at the interface, and the compatibilization effect is improved. When the content
of IBDI is 1.5 phr, the notched impact strength of the blend is 68.4 kJ/m’ and the elongation at break is 306%; when the IBDI
content is 2.0 phr, the notched impact strength is 77.9 kJ/m’ and the elongation at break is 284%.
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R FAAESL T PLLA JEAR (1 SCdh ik . 5250 Bk
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1.0, 1.5,2.0); S8 5 B H: 5 PLLA %% il 3R 6 min, 15
#| PLLA/(PDLA/PCL/IBDI (W5 %) iR W[ fai K L/
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F1 HLEMHEANESE 1
FEGMAFR PLLA  PDLA PCL IBDI
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L/(D/C) 70 10 30 0
LAD/C/L, ) 70 10 30 0.5
L/AD/C/L, ,) 70 10 30 1.0
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L/(D/C/L, ) 70 10 30 2.0

PE R I AR A5 R IR W 48 A R B
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A 5.5 N i ge e , IR B 25°C , A2 i 5 Ik
BOEHIME . iR SR 80 mm>10 mmx4 mm, it
M2 mm,

XRD MR : R FH I AR U, S 4
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Iz

FiA2 53T : S ] Nano Measurer 4% SEM
A BOE RST80T, R se ik SEM UKL EE 73 Bk
JITAFAE (RN 5 R o A /D | &5 R B =2 AR e 1 11 B
R PESEBRERAERT , XA S 200 AN S0RL L
FSRAFI(E.
2 SER5iFE
2.1 PDLA 5 PCL R /PE5H7

&1 1 2 D/C/1, R ) 1) 2 i I P 1) A2 1 i 4%
MAIEN 1AL, 75 R i A IBDI Z i, PDLA/PCL AE1R )
V1) 2t A ot 288 i ] A St BT B 3 IO R T
SRR S8, A IBDI G , D/C/LAK Z ()55 B
BRI R AR S S O H A IBDI % 12 1y 3
I b TS i, i 45 R 2 W] IBDI il PDLA,
PCL 11 3ity J& & A2 2 i A48 B T 1 43 F & PDLA-
PDLA,PCL-PCL I )2 PDLA-PCL % Bt 324

20

——DJ/C
——D/C/ys

,F?ls i ——D/C/1;,

‘ ——D/C/, 5

Z 10 H ——D/C/1,,

=

E s

0 |
8 10

4 6
[ [E] /min
K1 D/CA R FAETR A i 2k



4 TR

2022,55 50 4,45 11 1)

K FTIR Xf IBDI 5 D/C/1 IR -4 T T AL,
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&1 3 R4l PLLA F AR A BHEE i i XRD Hh 4k .
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IR+ PCLALF45 4. A PDLA Z )5, LAD/C/
L)1 243 BI7E 12.1°,20.8°,21.3°, 22.0°F1 23.6° BT
R T 5B S AR AR IS, 12,191 20.8° AR I3 S ot
BT SC R 9 (110) F1(300)/(030) & 1 , v i
23.6° W FFIEIERE S PCL [1(200) 5 T M2 SC b A1)
(220)fh T . SEHRZE ST, PDLA BB ASEAE & rh
JER T SC A, Z A AT g {57 T PLLA F1 PCL i #H
SR AT PLLA A iy i 8 1Y% M i A8 A F T-
IR A% O 20k 55 — D3RS D/IC/LAE S
PDLA-PCL 43T IE W, It DL b g F SC Fh iR A7 7 F
PLLA F1 PCL AyAH L ifi Ak

A Mo L/D/C/L, )
A Mo L/D/CTT )

L/(D/C/1,,)
L/D/C/L, )

\ Meon L/(D/C)
e LICT
ittt LG

L
-
10 20 30 40
200(°)

E3 4l PLLA FIHERA Y XRD 4k
322 M2l PLLA MR AR 5 1 DSC ST 144
P, B 4 R 2l PLLA FIEHSEABHE 5L 1 DSC 2k .

+R2 HPLLAFNLEH B DSC FHE (25°CHHIR ZE 250°C ) IS ra i iz

ﬁ "‘E'!’ézi ﬁ( anPCL/ °C A(f;iplC)L/ I::c/ °C (JAI;CCl/) m*llC/ °C A(JH gj{)c / Tm*SC/ °C A(J]:Ig: 1S)C / XCfuc/ % chsc/ %

L 113.5 36.2 171.6 44.9 9.3

L/C 63.5 19.7 93.2 145 168.6 26.4 18.2

L/C/1 63.8 18.7 96.5 12.2 168.5 222 15.3
L/(D/C) 64.1 15.2 96.8 9.7 168.5 16.2 225.4 14.1 7.1 153
L/A(D/C/, ) 63.3 15.7 95.0 103 167.5 16.7 226.6 15.1 6.9 16.3
L/AD/C, ) 63.4 15.4 93.8 10.2 167.9 16.2 228.6 14.7 6.5 15.8
L/D/C/, ) 63.2 143 94.9 10.1 167.8 16.4 2275 14.8 6.8 15.9
L/(D/C/L,,) 62.7 14.6 90.7 9.0 167.8 15.6 228.1 14.8 7.2 16.0
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K4 4l PLLA FHLEM R DSC ik

P 4a A4l PLLA K 45 20 L3R AR R 4% il il
2, FH T RAE il U S R 45 i T Ol . 1 4b R R
Ac o3 5 R A RE i IR TR 2 190°CHARRF 5 min
ZJa R M e R 2, TR AES RS
SR SS AT M

Pl da H, 63°CHHHIT H B A I A4 I & T PCL 45
P ZEL 3 B R | AE O5OCRAFIT HY 3 Y i HAue I 45
FE i PLA JE 45 i 415378 DSC THER M Fe b &
HE YR 4 i, 168°CJT T H B A% M B U5 J& T PLA
LA o B B AR (HC b A9 1 J il e, i A
226°C 3T HH B0 W P IS & T PLA A rh SC iy
PRI a0 . R 3R 2 0, LAY Ve 45 A G L B
113.5°C , HC &R i 45 & JBE (X o) N 9.3%, fiIl A PCL
S V4 TR EE SR 93.2°C , X IR 18.2% , X 1
H T A PCL S B IR W 2 B I, PLLA 4 %5
B SRS G A R T PLLA 45 5 . Fi IBDI A

(=]

A LICTHR P v 25 b W R 5 B8 51 96.5°C L X
TRER] 15.3%, 3% 42 i1 T IBDI f9 A AR 9 b iy
L QRN AT E . X T LAD/C)FEAL , PDLA A9
N IR YV 48 e B, B0 IR F b ™ Ak
(14 SC iy 1A Rl A% e 21 RAZ 390 19 1V L, HEASE R 7R )
IR R I PLA &5 i, (0t T 20 e e,
TR A sE gt i, R THE R Rl i 2 LA
4 I B AEAE . X T LDICI) R R, H X, A5
7% fiAq , SC A AR B 45 & BE (X, ) YITE 16% 2247, Ui
U7 PDLA f77E T, IBDI &5 i A AR L XA 22 25 S A T
KA K

MK 40 FE 4RI 0, LAD/C/ )R Y7 190°C
R 2 25°C Y 2k A FP 7R 110°C T H B2 0 , -
JFE] 250°C I , L(D/C/L) IR Y TC Ve 45 i, iX J&
i T LAD/C/L)#k % i PLLA F1 PCL Wi #H %L it &b F11
PLLA AR H7A7E SC A ARTE 190°CH B A il , Ho
E LA 10°C/min B 3 i 3 25 Ree it sf 7T S 3] 1A aid
FOAE FH, e R SE AR PLLA PR3 5 45 i, DR I PR
TR A B 45 R 42
2.3 ERMAGAEES

AT RN, Ak A 25 2 P JHIR Y 1 24 1
RERYCHERN R, [ S R T 45 FE i ME T imi 2 30
A SEM IR /. HIE ST IE H, 4 PLLA s %
TR . — M, PR [F A RHE G — i
L T A SRR E Y, RS s, 2%
HREYZ KM B, DR RA Y/ EE
T T R R A TE S . TR H L/C fTL/Cn 3t
TR 2 g B 254, Hoh L/C R4 v PCL 43k
AHBRCRIAE A 3.3 wm, L/C/1 IR PCL 43U i
RLRIAE R 2.0 wm, RARIE /N2 B F IBDI ) S R R
FL5RE Y )N, 45 PLLA F1 PCL 5t i #H
HAERTFLABGE , I8N TR,

SR, 24 /M A PDLA J& , LAD/C/1) 38 4t PCL
KRR A AR . LA(D/C/L, ) #1 LA(D/
C/1, )R PCL AR A i & A AR TR [A)RE LIS HL I
AR PIE A7, R & AE L/(D/C/, )T L/A(D/C/L,,)
FR Y PRI E 5. 449 PCL FLIRY , H PCL 43
AH 55 FEAA PLLA AH ST ) TROM , iX Ui R D/C/1L I
PLLA FE1R 2 [A1JE B SC &5 & , i A5 AL i 45 & 1 K
R VRS T IR L/A(D/C) IR Y PCL AR
PLELR YT XA (B I 5 35Kk PLLA AH A mi gl
R O H o R4
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a—L; b—L/C; ¢—L/C/[; d—L/AD/C); e—L/AD/C/,,);
f—L/D/C/, ,); g—LAD/C/, ); h—LAD/C/L, )
BS54l PLLA FIZEIRA R MG i SEM FE A

2.4 FERAMA N F A

4fi PLLA AR AR ) 271 B ELAAR5HE L 3=
3. 6 A4l PLLA AR M4 ALY oh o Wi 1 SEM
MR, mMEITLUUAN, 4i PLLA 764~ 28
B i e P e, i 11 s R R 2.5 KI/m?, TR
R 7%, PARTR BRI 70 MPa, Wi 2LAE 4 2.2 MPa.,
A PCL ZJ5 A il Byl 11 ook 5 B2 4 1 2. 25.4 K/
m?, W 244K R N 2 27%, W] PCL fE A %H 3
PLLA. R IBDIX IR A RIS 255, L/C/ Ak F
iR AP 41,5 kKI/m?, (AT R R A
FEANBH 55, 58 BH P40 FH s 1 34 25 1 X e ik il 3
TERAA AR f5Je 11 ook 5 R T A 3 ] s 4 1

4 PLLA/PCL FHiR K & vh Hfin A PDLA i}, L/
(D/C)ITRY Bl 11 wh ok 38 B 0 8.4 kJ/m?, I (<

®3 HIPLLA SHBEMBIE SR

. bR PifRREE WTRYEE BB
AR 5 2

(kJ-m™) MPa MPa /%

L 2.5+1.5 69.442.6 2.2 7£1.0

L/C 25.4+£3.5 32.6+£2.1 5.6 2749.3
L/C/t 41.5£6.8 37.242.5 6.6 28+11.3

L/(D/C) 8.4+3.3 31.0+1.2 9.7 38+9.9
LAD/CA, ) 34.96.6 349419 114 44143
L/D/CIL, ) 59.247.3 31416 533 2124245
LAD/C/, ) 68.4+6.7 38.8+£2.5 87.2 306+43.5
LAD/C/L,) 77.949.5 368420 784 2844268

(8 (h)
a—L; b—L/C; c—L/C/I; d—L/AD/C); e—L/AD/C/, );
f—L/AD/C/, ); g—LAD/C/L, ,); h—L/D/C/L, )
6 4l PLLA 53R AR i W i) SEM iR

3h 38%, PR Ky 31 MPa, Wi Z46E 4 9.7 MPa.
FIA 0.5 47 ) IBDI IR FH M 20k AT 3R f= , L/(D/
C/1,5) SRy At 11 o o 5 32 482 2 %2 34.9 Ky/m”, fHL
P PEREAS LA, 24 IBDIAY &4 1 {3, L(D/C/
1) R0 0 ke 11 o S 75 28 59.2 k/m®, 7



ISR, 55 < RS A & UG S5 ) #0E B PLA/PCL IR bR 7

iR R 4R 1 & 212%, Ak £ 8 /il IBDI Y &5
F 1.5 47, LAD/C/, IR Y iy dile 1 wp i B g i 22
68.4 kJ/m’”, Wi 24P R FE 5 2 306% i 1 5
% 38.8 MPa, BT 4 AEHE 51 &5 87.2 MPa, X4 IBDI 7
Z 2 03B, BAR LAD/C/L, ) IR P A e 11 ok 8 i 42
A2 77.9 kIm? AHRARPEREA Ir R R X SR R
BHT SR 2512 s o TR il AR, bl T A
ST AR B g, e B M AR A M A B R
W 7 L R R T il 4 T ) PLA AR

it BT 2 1 2 Y A6 BT TR AR S
HLEECS, i 6l LI, PLLA 3R (Wi 2L ot
T, SR T R S 5 L/C IR W 2L A LR
I HLAEF AR TH AT LUULAE 2356 73 PCL ik ; L/C/1 I
TR0 B4 W 2 1 B BIOHELRS | WA 21 PCL ki , Bl 11
i i A E) 41.5 kJ/m?, 3X 2 B T IBDI A G #H
ZEPERR T, A i 22 O bt o B R MR R o X
T L/AD/C/L) IRy , Wit 24 3 11 4B WL 5% A 3] PCL i
W, PR ERG T O%  HE  Z43 1AF E B B A A
SRR . HorR LAD/C/, ) A LAD/C/L, ) IR B i
el O R T S PR R S B I AR | X R S
B T A 398 5 (A5 AL T ) 4% 2o B A %, DT 78 o
W B AE T S 2 W AR E . 1R X R
FES, LAD/C)IIR iy ot i 224 1T 2 20 HELRS 1) o7
A, A MEEENE LA(D/CN )R IS
3 it

DL IBDI A3 255 . PCL A3 340 %F PLLA #E4 7
B, 38 1 PDLA A BRI B 45 61 , 65 S 1
W45 5 PLA W SC 45 \AHZS &, Tl 4% vh i 90 1k
I A 4500 1 [ B 2 w55 1% 8 49 PLA/PCL LR A1 8
5T

(1) HHEAT I B B8 25 0), L/C AT L/C SR Y1) 43
R PCL #R 52 300 L Vi 5 45 0, (L L/C/L B 43 BiAE K
/I WM A BT, 3 16 B IBDI Xt PLLA Fil
PCL A —E AR .

(2)iINA PDLA F- R 2R ARG |, BT A FE i
A SC FIRRIIE B . X F AN IBDI AL &
L/(D/C)Ry 531k PCL R 8K, B2 . (HFil
# IBDI A9 K& w38, LA(D/C/) SR Y i
PCL 43 BiAH RS 28 i 22 71N, H PCL 43 #50R L {4
PLLA (AR M [n]) TR0 . 1245 REWIRE IBDI
FrEIN, PLLA A1 PCL S 4b B+ SC f R A7 7E
M5 A 135, W AR &

()RS T 5 I 184 5 ) W 2D 1K iy, B IBDI &%
AR, A R 75 5 PCL X PLLA [ 3 )RR K
FEHER A0 1.5 03 A IBDI A, B Sh e 11 whli o B 0
68.4 kI/m’, BT 24 i1 228 306% ; 5 0i1 2.0 £33 9 IBDI
B, A B 1 e 3R R O 77.9 kI/m?, WK SRy
284%:

2 % Xk

[11 Kane I A, Clare M A, Miramontes E, et al. Seafloor microplastic
hotspots controlled by deep-sea circulation[J]. Science, 2020, 368
(6 495):1 140-1 145.

21 Bnlik, sk, Sk, 5 KRR TG W5 RFLIR A AR
HER[T). 9%, 2021,50(2):93-98.

Yang Kexin, Zhang Hui, Ma Bomou, et al. Progress in natural poly-
mer/PLA composite[J]. Plastics,2021,50(2):93-98.

[3] Reddy M M, Vivekanandhan S, Misra M, et al. Biobased plastics
and bionanocomposites: Current status and future opportunities[J].
Progress in Polymer Science,2013,38(10-11):1 653—1 689.

[4] Ren Y N,Hu J, Yang M R, et al. Biodegradation behavior of poly
(lactic acid)(PLA), poly(butylene adipate-co-terephthalate)(PBAT),
and their blends under digested sludge conditions[J]. Journal of
Polymers and the Environment,2019,27(12):2 784-2 792.

[5] Weng Y X,Jin Y J,Meng Q Y, et al. Biodegradation behavior of
poly(butylene adipate-co-terephthalate) (PBAT), poly(lactic acid)
(PLA), and their blend under soil conditions[J]. Polymer Testing,
2013,32(5):918-926.

[6] Deng S H,Bai HW,LiuZ W,et al. Toward supertough and heat-re-
sistant stereocomplex-type polylactide/elastomer blends with im-
pressive melt stability via in situ formation of graft copolymer dur-
ing one-pot reactive melt blending[J]. Macromolecules, 2019, 52
(4):1718-1 730.

[77 MaP M, Shen T F, Xu P W, et al. Superior performance of fully
biobased poly(lactide) via stereocomplexation-induced phase sepa-
ration: Structure versus property[J]. ACS Sustainable Chem Eng,
2015,3(7):1470-1 478.

[8] Zhao T H, Yuan W Q,Li Y D, et al. Relating chemical structure to
toughness via morphology control in fully sustainable sebacic acid
cured epoxidized soybean oil toughened polylactide blends[J]. Mac-
romolecules, 2018,51(5):2 027-2 037.

[91 MaP,Cai X,Zhang Y, et al. In-situ compatibilization of poly(lactic
acid) and poly(butylene adipate-co-terephthalate) blends by using
dicumyl peroxide as a free-radical initiator[J]. Polymer Degrada-
tion & Stability,2014,102:145-151.

[10] #iiAR, XI5, EMEar  SGAFIF 0T PLA/PCL LR (K R PERE

IR B RFFE ], SRR, 2021, 49(2):51-54.

Cao Peisen, Liu Fang, Wang Haiqi. Research on the influence of

compatibilizer type on the performance of PLA/PCL blend system

[J]. Plastics Science and Technology,2021,49(2):51-54.

(THEE 24 W)



