148 5 52 4,56 73] T & @ B W H Vol.52, No.7
2024 4F 7 ENGINEERING PLASTICS APPLICATION Jul. 2024

doi:10.3969/j.issn.1001-3539.2024.07.021

FETHEZERYT PBAT/PLATWETE SRS A I ERER IR

FiNER, TN, =4, BR%E, A, T8, SEF, KW
GBI AT R, 5t 550000)
FEE . B 1 2 B SLER (PLA) P Ae N8 B 8 B 4% 7 (ADR-4468), 24 J5 F) A SUZAFH b 4 & T m 40845, F R A

Bl B RN E R R LT AR R B R AR R T B -5 R = W B T =85 (PBAT)/PLA K 4F AL o441, i@

AR B R R (MFR)K I AL 4248 & F R HAL 7 A8 R IR A% 25 00 T AU R A AR 2 0 MR Ui 4 B a4 At eh
PTG AR A1 PR VR R IEAT T 947, 2 RR W, A 7 B4 & ADR-4468 4 % &9 3 | o8 4F 485 42 49 MFR &
Wk, B ADR-4468 Ji & 540 4 0.7% B ,M6-0.7 B #5269 MFR % 1.9 g/10 min, & ADR-4468 4% 64938 /m , 7 sk, 69
PLA 4 B 423 K KAWZ M, 4 ADR-4468 - 4 0.7% i, R A 209 PLA T A2 KM, PLA &2 A4
10% B, PLA-10 3X A 09 424 3% & Jk K, 4 53.8 MPa, /% PBAT #9 1.49 4% {2l 540 K & K bé T, A PLA M &%
B BAT A A AR A BRI IR I K . PTA A PLA BAF 0938, LA AR B (G) ¥ M A 9 () 89 38 K T 3
Ko BB R PR b0 3 hn  RXAR 6 G'Fe LA EE B (%) ¥ B, BT A s A AR EF R P 47 ADR-4468 9 7%
HH M, G B3 & T A4 ADR-4468 693K 4.

KR RILE R T B -MOR W ER T 5 s i A A8 AT LA R R At

RESES:TQ327 XHFRIRM: A MXEHS: 1001-3539(2024)07-0148-07

Effect of fibrous phase composition on morphology and properties of PBAT/PLA microfibrillar composite
SUN lJing, LUO Shanshan, LI Jian, HUANG Anrong, SHI Min, LI Juan, GAO Chengtao, DUAN Li
(Guizhou Material Industrial Technology Institute, Guiyang 550000, China)

Abstract : The talc powder and chain extender (ADR-4468) was added to polylactic acid (PLA) and the fibrous phase master-
batch was prepared using a twin-screw extrusion, then the polybutylene adipate terephthalate (PBAT)/PLA microfibrillar composites
with different fibrous phase were prepared using self-made multi-stage extrusion stretching device. The melt flow rate (MFR), micro-
structure , mechanical properties, and rheological properties of microfibrillar composites were analyzed using a melt flow rate testing
machine, scanning electron microscope, universal testing machine, and rotary rheometer. The results show that the MFR of fibrous
phase masterbatch gradually decreases with the increase of talc powder and chain extender contents, the MFR of M6-0.7 master-
batch is 1.9 g/10 min when the ADR-4468 content is 0.7%. With the increase of ADR-4468 contents, the diameter of PLA microfi-
brils increases and the length significantly decreases. When the ADR-4468 content is 0.7%, only a small amount of PLA form short
PLA microfibrils. When the content of PLA microfiber is 10 %, the tensile strength of PLA-10 sample is the highest, which is 53.8
MPa, which is 1.49 times that of PBAT, but the elongation at break decreases significantly. The tensile modulus of microfibrillar
composites gradually increase with the increasing content of PLA microfibrils. The storage modulus (G”) of the samples contained
PLA microfibrils increase with the increase of angular frequency (). As the content of talc powder increased, the G’ and complex
viscosity (n*) of the samples decrease, all the microfibrillar composites of fibrous phase masterbatch contained ADR-4468 have
higher G' andn* than those without ADR-4468.
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PLA:3052D, % J& 1.24 g/cm’, 3 [#] Naturework
Nl

PBAT: % J¥ 1.22~1.25 g/lem?, 4% 1K Wi 3 i %
(MFR)} 5 g/10 min (190 °C,2.16 kg), 4xHE IR 7
BHEAT R AT

WA RIAE 3~5 um, VLI F MR E R BR
NCIE

ZIREE e HI LR Y Joneryl H 4 4% 5], ADR-
4468 , 15 = T R e dn A F o

1.2 EBMNEREEL

[7] i) AUREAT% H1HL : CTE20, BHE BB IE (7 57)
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4 H T 5 148% (SEM) : Quanta 250 FEG, 2 [
FEIZyH]

TTBESCIGHL : CMT6104 , ZE4H Tl 248 (P )
FBRAFL

T 7 A5 4% : HAAKE MARS 1, 24 [E Thermo-
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MFRIR IR : ZRZ2452, FEHET Tl RGe (P 1)
ARAF]

ZHSIhRRE E B
1.3 XAEH &

(1) B 27 AH B0 ) 4% < K T Ak (PLA & T
80 CCEL A ML h T4 12 h, ARG 1 4 8 .PLA K
ADR-4468 73 5| 4% W8 % 1 b sl &F AH BRI B O IR &
BI51Je R R ) SUEFFBY LB A5 21 B2 A B
R, 5B HLAS DR B 43 51 R 90, 175, 180, 180,
180 °C.,

#1 HFESRER

Tab.1 Formula of fibrous phase masterbatch
%

Sample PLA Talc powder ADR-4468

M3 97 3 0

M6 94 6 0

M9 91 9 0

M12 88 12 0
M6-0.1 94 6 0.1
M6-0.3 94 6 0.3
M6-0.5 94 6 0.5
M6-0.7 94 6 0.7

Q)R EF B M BF 1 28 B EF AR B R (PLA,
PBAT 435I 1E 70 °CELZS HEAR a4k 2 T4 12 h 5 6
4li PLA 5 PBAT #% 1% 0/100,5/95,10/90, 15/85,20/80
1 ot LR A AT, R 2 9085 b e B0 T
R A8 ke 43 Sl FRic b PBAT, PLA-5,PLA-10,
PLA-15,PLA-20; AT tHERK 5 PBAT 44 i 3 2 i
WG A G HEAT R BT il . 298 i hrfhide &
(% LSS X L 43514 80,200,200, 200, 200 °C,
A 1 s K 1RSSR BE 44 4 200 °C , 55 WL AT 4% 53 Ny
300 r/min, —3RA5 [ EE A LT 2305124 70,65, 60
r/min.

1.4 MX5 k4

MER 32, : 76 1L BE 190 °C 2z fik: it & 42 2.16 kg

I, 3% 1B GB/T 3682-2018 % 28 1+t 5 i HL 5 H Y
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%2 PBAT/PLAMAE S#RIE S
Tab.2 Formula of PBAT/PLA microfibrillar composites

Sample Content of Masterbatch Content of
PBAT/% masterbatch/%
PLA-10-3 90 M3 10
PLA-10-6 90 M6 10
PLA-10-9 90 M9 10
PLA-10-12 90 MI2 10
PLA-10-6-0.1 90 M6-0.1 10
PLA-10-6-0.3 90 M6-0.3 10
PLA-10-6-0.5 90 M6-0.5 10
PLA-10-6-0.7 90 M6-0.7 10

PLA AT AR BR R A 745 (A 8 20 3 8

SEM 43 #7 + 3 1 T 8% th J7 0] 85 il £ 1) PBAT/
PLA 4T A #4 55 B L 980 200 mm>8 mm 1K 7%,
IFRCEAE A R 2 hE AT ERT , 7E 60 °CXT s
WiRE T4 6 h, SR 5 X it W T 204 7 58 4 I EA T AROUE
TS WIER

Fr AP eI . 4 PBAT & PBAT/PLA # 4T A
A S5 8 7 R B K 75 mm . T8 10 mm
{14 I 44 R0 AR v TRARE , 2R FH 300 mm/min F9 37 {3 3
i 18 GB/T 1040.4—2006 X it A URE HEA T i A g
DR, FHCS AR A S-S (EAE iR

T AR PERE IR « B 5643 K PBAT, PBAT/PLA
AT R #F BT 2 mm &R AE TR AREAE o FE 145 °Co
Fii#k 3 min, SRJEHCE 1 min 53725 K ET, %
PR SRR AR B A AR 2 om AYIR] A, i FHRE S i AR X
TE 140 °CF XA A T 28 494 DU, Il 32 IX.
1] 4 0.05~100 rad/s, YRI5 4 1%,
2 HR5ITE
2.1 R A8 A6 MFR 5 #7

£ PBAT/PLA T8 21 52 & MHBHE 4 v, BUET AH Y
Uit Bl M BB X TR 2T AROUR TR ARG S K, IR, 7R
190 °CXJ PLA Al AT AHERRLES T MFR UL, AR SCEL
Py T3, 4i PLA ) MFR 4 8.5 g/10 min, 24 PLA
I 535K 3% 1T A IS, M3 BRI MFR
WA R BEE T A0 B s AR N, BRI MFR %
WU/, 2GR S R 12%, M12 BEKE B9 MER 8
/NEI6.1 /10 min, ¥ A K3 A3 INd BERL Y MFR R
R, X BRI B I A AR R, B

®3  WEFAERIE MFR
Tab.3 MFR of fibrous phase masterbatch

Master- M6- M6- M6- M6-
PLA M3 M6 M9 MI2
batch 0.1 03 05 07
MFR/[g"
85 79 76 67 6.1 66 58 35 19
(10 min)™"]

BRI LR AR, AR REE R R W shPE T
B o XT T M6 MR R, A £ 53580 0.1% 19 37 5% 51
ADR-4468 J&7 , M6-0.1 K7 i) MFR A5 FIr B I , B &
ADR-4468 I ARG N, BRLA MFR 285 F R, 24
ADR-4468 LA BT 53400 0.7% B, M6-0.7 BERL 1)
MEFR K i F B, M 1.9 ¢/10 min, X £ & H K
ADR-4468 57 F4% I & A Z 1A el , 7Ea b
B AU E BER] 2 5 PLA 43 FHERum 1Y 72
R R IL R A OB, DT PLA 19 53 7 1 1
K, FEEPRLR RIS, MFR R R
2.2 WM

& 1 & PLA Jit 5 53 %053 51 o 5%, 10%, 15%,
20% () PBAT/PLA 8 4F 2 A MR SEM B, AT 1
AT LAE X T4 5 % PLA B8 AE(PLA-5), Kl 1a
] LB Y, A D0 PLA AT IR L, B K FH%
07 1 B HEF | R A AT K R R R
PLA & = 3N, BT I8 il i) S 47 B 2 3 22, 1
2] (K BE BT K, 7E PLA-15 BT TR SEM H, AT LA
TH LA 2G4 28K A PLA B L, HAK K
T20 pm. X FEIEF A REE PLA &3, 78
SERET AR b, S O R A R A2 2 B DI
2R AT, 2 PLA & BRI, iAW
(i) 2. A il A DA T - 9 VR PO ML 285/, TR L
JE Y PLA LT K 3 (H i T2 2 B O 1)
(S B B UIAE T, T LA T v % o O ) BT HE
Fjes,

P12 0 AT FH R i A R 5 S X AT 5 b
Ak SEM 52 M, b ol 21 A B A4 75 05 o 0k

“(c) PLA-15
B 1 RIFPLA & R PBAT/PLA T 4T 4 A4k SEM A
Fig. 1 SEM images of PBAT/PLA microfibrillar composites with
different PLA contents

(d) PLA-20
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~ (c) PLA-10-9
P2 ANIF) OB £ i (1) PBAT/PLA fUEF &2 A4 KL SEM &

Fig. 2 SEM images of PBAT/PLA microfibrillar composites with

different talc powder contents
10%. ME2 AT AW A H, 576 PLA Hfshin i i
G140 3% 1Y AR I 5 A ARy 1A (PLA-
10)#H kb, PLA-10-3 1R W 1 o ml LU B 21 2
Y/ B , 33X 2 B R AR B IARE KT R
LEAHBERL G B , S ECLAE ST VI ) T AR T8 B AT
SORTTA R WA N iR = S Y SERE Y A SR S 7R i m i 0B
i, 7E PLA-10-6 Fil PLA-10-9 1 7] LI & B 1E7F B AR
BRI PLA SZT , fi 8] 2b FTE] 2¢ Hr 2T €0 52 46 P e
7N, T340 76 PLA-10-9 5 PLA-10-12 iR A 14 £
PLATHEF DIEAR K H
] 3 43 5 Sk B 25 AR B R S T i A 4K
0.1%, 0.3%, 0.5%, 0.7% I ¥ % 77 ADR-4468 [

PBAT/PLA §(£F 52 5 #1 K SEM I, 75 LT A8 v [ 2

i, &= e [

N ™%
(a) PLA-10-6-0.1

3 lthpIg i ¢

(©) PLA-10-6-0.5 (d) PLA-10-6-0.7

B3 K[ ADR-4468 ¥ ft [ PBAT/PLA f 475 441 kL SEM
Fig.3 SEM images of PBAT/PLA microfibrillar composites with
different ADR-4468 contents

T AR 0 23 B0CR 6% , AT FHRERL Y B 43 %
H910%. A LLE B, 5K ADR-4468 1Y PLA-10-6
A A LU, Bl 7E L EF A B R ADR-4468 15 511
Bahn , BT % B PLA SEF AR I IR K E B
W/ Ne 24 ADR-4468 J i 55Uk 0.7% ), W& 3d fir
7, FUA D HH 2 EOR PLA T BUELIR BT, oAk
W53 PLA LAERIR 73 HU/E PBAT R4, 31X 2 JEA
bt # ADR-4468 75 it (3G I, BT AH BRI i) 8
R, FECEIE BT L R 20 R 0 T AR
e B B YRR R 7B, HVR BT O 18128 T A i
2T (A RE T RIS , PR G T I S G T LA 4 T 1
K, BRI AT
2.3 REEAHA G A F AR ST

4 AR PLA TYET (i A8 . ADR-4468 7 i
PBAT/PLA 4T & A M kHY) 12 E e g . k4
AL UL, 4l PBAT LA i e AT 5 o A 5 R 24
K435k 153.2 MPa, 36.1 MPa, 604.1%, % T &
R S%PLA LET B PLA-S 30kR , Hopy fsiipk
B A A5 B R T 2 6 53 51 172.5 MPa,
42.6 MPa, 145.7%, 5 PBAT AH [t , Fohi fom i 32 &
18%, 1M BT R S KR N B . PLA fEF BT i 4y
A 10% B, PLA-10 i3 56 B4 47 4 56k JBE 45c K (53.8
MPa), f& PBAT [ 1.49 1% , M Wi 24 R gk 2 N R
E— R = PLAGRET 1 & i AT S A AR HE
i B T 46 80/, W 2R S — 2D T B i A
PP I B PLA SUET & B R i K. X
FEE PO NIPE PLA BAET AP 455 i b PBAT
(141 , B8 2 PLA fEF (0T BOA R 48 = i er &2 A b
Ak P A SR AR 5 SR, AR W PLA BT A5 1

#4 PBAT/PLARAEEM B S1FEBEIR
Tab.4 Mechanical performance datas of PBAT/PLA

microfibrillar composites

Tensile elastic ~ Tensile strength/  Elongation at

Sample

modulus/MPa MPa break/%

PBAT 153.2 36.1 604.1
PLA-5 172.5 42.6 145.7
PLA-10 221.6 53.8 115.7
PLA-15 236.8 52.7 30.3
PLA-20 248.2 46.7 22.3
PLA-10-3 215.7 48.4 25.6
PLA-10-6 207.9 46.5 352
PLA-10-9 197.5 432 37.9
PLA-10-12 183.4 39.5 55.0
PLA-10-6-0.1 218.6 49.1 44.8
PLA-10-6-0.3 240.3 53.7 53.0
PLA-10-6-0.5 215.8 48.9 59.2
PLA-10-6-0.7 195.2 48.2 64.6
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s AE T, {H f T PLA fi0 4T 5 PBAT SEAA 1] () 7 1 AH
ZEME 2 AR FERL AL R P, ST 5 AR ) B AR
PR AR, B BHIGE & A K24, PR Ik b 22 A
KR KR T, 5 PLA-10 IR AFEAR FL , 24 i 2T A0 £F
BRI A ARG BEE VAR S RN, S AT
I G MORE Rz A L P AR B R iR S s/ T
Wr 2L e TR G LTt 456 3 3 MR 2 08T, iX
A g2 R Ry Bt A 40 B A3 0, AT AR R Y
BEAS K, FEOE AT B K, KRR
PLA T4 5 AR [A] (A A PR AR5 00 22  FEhr (i 72
AR LIRS ) 32 BRI, DI, 78 BUET AR Bk
H AR A R (3%) T, PLA-10-3 1URE A i
JE RN 2 KRR N o XY PLA BRET AHER R Y
AR & R (6%, 9%, 12%) , EF R A AR
W SRR 3 i 4, {HER EE PLA-10 30RE (220N
X AT B R A PLA BT T i 1 A K 3 o0 i B 2k
SF 5 SLAR B, A s T WA AR ST VE AL
M T BT B BT B R, P L [FIVE R 45 R
b s BE R R 1T 2 AT BT

5 T AR ) B ET AH R A T 53 )
0.1% 1) ADR-4468 , 5 K /il ADR-4468 14 (PLA-10-
6)HH Lt , PLA-10-6-0.1 3R A Fr gt A it 7 fpo
JEE N 4R A T i i, 4k 24 K ADR-4468 11
i, TR 2 A MRE LA S A Ry AR
BER G TR, B 24 R o, X BRI
g7 B ADR-4468 911 A (0.1%, 0.3%) 7] L) o 35 i
SF M 5 SR Z IR A AR A (0 R R A 21 4R
o 24 ADR-4468 [ i 220, 233 27 A
BRI BT EEIG K, FEOE UMW AT HARI K K
AR, DR HCR A AR i R A B D )N
2.4 WA AR T ST

AT 2 A A BRI AR R vl DA —E FR
J W P R ) O 2548 . T 4 JE AN TR PLA F &
PBAT/PLA 4T 52 & M Rt BEAR 1 (G) S 52 2%
JE (* B A AR () ZE AL 28, B da T LU MY, 7
DR R AR X 0], BT A A ) GYIBEE w 13
K, Ho PBAT i Gk . Bifids PLA f4F %
SR, R R G A, o IR PLA 2T &
IR RE (PLA-5) 1Y G KR BE RN s XY PLA 14 i
B0 20% I, PLA-20 Y G'7E AR A X 8] 77 75—
MG G5 A B T ATA, O A PLA-20 N
AW PLA A B B 2, HIAF KK, PLA

G'/Pa
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(b) Complex viscosity

K4 A[E PLA & PBAT/PLA LT 2 AR R AS 2%
Fig. 4 Rheology curves of PBAT/PLA microfibrillar composites with
different PLA contents

TUET (BT BT — 2 19 4 LG8 45 D 2 25 44, DA T BHLA:
T PBAT Wy 4> FHEizsh. HE 4b A] W, PLA-15 5
PLA-20 i 1 m* B 2 o 38 T R AR B2 30K, %
PR I S B Y U RRAT R, 3K 32 B PR iR N
AL PLA AT, 1M PLA 134T 5 PBAT JE4A 1Y
R 2 RS UMME RS, PLA AT 45 5 e tE il
PRSI — € J7 ) A LRI, R p* R R

& 5 Ry 152 AH BE R b 5 A ) i A R
PBAT/PLA 4T & A M EHR G S Bifi o 22 LT 2
FH &l Sa ATHT 6 T AR A0k B3 10% PLA f4F
() PLA-10 3800 , H2 30 fe K G, AT AH Bk rh
PT3535 3% 19 A K3 5 L PLA-10-3 0K G
WIS, B A S R AN AR R T GRS
T2 PR A T A I AT A B ) 2R B O
SEOE R PLA TRET BARAR K K 465, PR
BRI TR 1B Sb s Ak i A4 2 1) n*
/N RS B U)AE R AT R i858, 3X 55 T K 1Y 0
ANSEUTIE A PLA TEF B AR R S EF K B 4
A,

&1 6 Ry AT AR KL H 5 A JoT e 5088 6% 1 A1
3 M AN [] ADR-4468 75 1 (0.1%), 0.3%, 0.5%, 0.7%)
PBAT/PLA 4T 2 &M B G S n* bl o ZE L2
NS IRT A R T = NS T S B S RS Al e €1
ADR-4468 [ & 5, H: G'Fe n* ¥ L & % ADR-4468
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Fig. 5 Rheology curves of PBAT/PLA microfibrillar composites with

different talc powder contents
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Fig. 6 Rheology curves of PBAT/PLA microfibrillar composites with
different ADR-4468 contents
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