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Synthesis and application of a biodegradable PBAT composite compatibilizer

LIU Tianyi, LIANG Bing", LONG Jiapeng
( School of Materials Science and Technology, Shenyang University of Chemical Technology, Shenyang 110142,
Liaoning, China )

Abstract: A silicon-containing compatilizer (K-ADR) was synthesized from chain extender ADR4370S
and silane coupling agent KHS550 and then applied in talcum powder reinforced poly(butylene
adipate/terephthalate) (PBAT). PBAT composite was prepared by torque rheometer. K-ADR was
characterized by FTIR, "HNMR and TG. The rheological properties, mechanical properties, microstructure
of impact section and element distribution of the composites were tested. The results showed that when the
amount of K-ADR was 0.6% of the mass of PBAT and talcum powder, the tensile strength, impact strength
and bending modulus of the prepared PBAT composite were 19.11 MPa, 67.68 kJ/m® and 378.36 MPa,
which were 20.9%, 9.9% and 58.0% higher than those of pure PBAT talcum powder system, respectively.
The water vapor transmittance coefficient and oxygen transmittance coefficient of the composite PBAT
film were 5.70x10'? g-cm/(cm*'s-Pa) and 3.17x10"* cm®-cm/(cm*'s-Pa), which were about 2.1% and 1.0%
of those of pure PBAT film, respectively.
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1.2.2 PBAT & &#4Hay#l &
W4 B A 25K K-ADR 3 A3 85 m & PBAT 1,
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Table 1 Formulation of PBAT composites
B, P]?AT WAk ADR4370S KHS50  K-ADR
g /g /g /g /g
1 600 0 0 0 0
2 600 400 0 0 0
3 600 400 6.0 0 0
4 600 400 0 6.0 0
5 600 400 0 0 6.0

1.3 ZHRMESHERENR

FTIR MK R RALE Rk X ADR4370S .
KH550, K-ADR #47 FTIR ik, TG MHik: N,X
AT, FHEEZE 10 °C/min, S J##* 50 mL/min,
T B R TR ALOs, TR EEVER : 40~800 °C.
'HNMR ji&: DMSO-ds Hi&EH], 7E 500 MHz il
Ko SEM MHK: BFFEAE TIRA TP W, 78 B2
HEAT 2 1H B 4 b B S R AT OW TR S0 K o6 R 43 A W
W, FiR 20 kV, JORAEEL 500~10000, haSHHL
WA (DMA ) M. FHEZE A 5 °C/min, %N
2 Hz, #&HE 3 pm, W00 S F-60~90 °C, il
WA Prppsis, o, hifdL# | GB/T
1040.1—2006 M3k, PR % 50 mm/min, FEi
J5HR 164 mmx10 mmx4 mm; Hit 0 ohom ) #2 1R
GB/T 1843—2008 Wiz, #4128 64 mm>10 mmx
6 mm; IR LRI S MREARRTEIE, #
JEEEA) i 2%« R R EBL A A5 TS, TR 150 °C, 2
SIEEE 30 t/min, KZEE REGLIE GB/T 1037—
1988 ik, 7£ 38 °C. AHXTIREE 90% e i 1H i &5
T T BB R B IR GB/T 1038—2000 i,
MR 44144 0.1 MPa, 23 °C,
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WIHAESE H bR =% K-ADR & B8 Y)

2043 1723

4000 3500 3000 2500 2000 1500 1000 500

e/ cm™
K 1 ADR4370S (a), KH550 (b), K-ADR (c) fiJ FTIR
Tkl
Fig. 1 FTIR spectra of ADR4370S (a), KH550 (b) and
K-ADR (c¢)
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Fig.2 'HNMR spectrum of K-ADR
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2.1.3 K-ADR # TG % #7
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HETERC B B . AN & K-ADR fE 800 °C fl) R fife 5%
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Fig. 3 TG curves of ADR4370S and K-ADR
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Fig. 4 Torque curves of PBAT composites
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Fig. 5 DMA curves of PBAT composites
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T4 28 B AR IR/ N, SORE 3 BCRE A 1 1Y T, 3
NI . FEM 4 BONEENE T,=16.1 °C, S5FEH 2
I, H T, MREA%, Ui KHS50 A LITE— & 2
BE E T AR A PBAT B LT ) f3,  RRAIAAR 2 1)
23 [AIAIBH . BRSNS B INFENE T,=—13.6 °C, LLAES 2
0 T, FHE T 2.9 °C, FIRESh 3 1 T, 7 JE3AH ]
K-ADR fF{ER)KIt A PBAT [ S8 T, Tt
frs LT ERRRSD 3 BUMRT 3.2°C, — RSN T
K-ADR [JFF fify 5 W IR L A AR & BT A 3,
73— 7 T K-ADR H ¥ RERE R 53 7T L2 PBAT Fli
kR A, R, K-ADR A LL7EHE 5 PBAT
AT BE Y [R] I Pl 2 PBAT FITHE A K =22 1] B AR 251
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B A hn T g
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Fig. 6 Mechanical properties of samples

& 6 nJHl, PBAT EAMEHAPLPEREE . nh
o O VS AR SR B A R AR e B A M
BL5 PBAT (FEAh 1) X, RAFRIE i sRE |
For A B RS AR B A BT AR . X HUAE A 4 SR
b 2 ATAT, KHS50 X5 A 8y BEAE e 21 — & i) R &
MRVEF, Ak 5 PBAT 22 ) fi% 5 1A 7] 45 3 e
5, RIKIFrERese T, FES 3 A TR 2,
SRS, ADR4370S 1E 9 4E5 {1 PBAT fY
TR ML A, X — KB C B PH a ad
WA, FESD 5 A RORARARSREE | whdy o B Fn s il
R, 43914 19.11 MPa, 67.68 kJ/m” £l 378.36 MPa,
FERESh 2 233425 T 20.9%. 9.9%F1 58.0%, L4k
PBAT W AMKERS A T 53%. 110.7%
346.7%, 1M SCER[16]E MY 4% 7 )5 ) PBAT/CaCOs
IR R WP B AR 79.59%, AHWEIE il 5 19
PBAT & & #HEHEREE A I BT, X FEIHN
T K-ADR AHZ A I A TCHLAN R IO A 40 7E
A AL PBAT S:A 75303 5) 43181, H K-ADR HRESE
5k Z 18] B R A B E F DL & K-ADR X PBAT [
P REAE I AR R R SR G 0. A R A 25 A

K-ADR A & TH £ 8 Fl PBAT Z [a] (A2 .
2.2.3 PBAT £ 444 & 5 d SEM #2070 % 5 FAE
FESL 1~5 B o B SEM B & 7 Fis o
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K7 PBAT & &bkl sk Wi SEM [4]

Fig. 7 SEM images of impact section of PBAT composites
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ADR4370S Hil 3| TR A EH, A2 A8
A B FR AT AT O VE T, ANBEANE Ry 14 255700 fff UL 1 A #3
fE PBAT TR sraLIn ., S 2 AHEL, RS 3 1Y
PR PERE LT, FEMIN T B 0N 40%3 A 8 1)
0L, $23E PBAT (Wi fiPEge . ME 7d nf UL, #
fn 4 oP BT FURR S 3 B EOIRES M AR 4T, Ui
KH550 f5] Af# ¥ G K 7E PBAT H %) 43 HURE 2 75 3]
M, (AR SRR 2 MELIRFEA K. Mm
A K-ADR i, &b 5 Wr EORDRS , 2R3 B b i )1
Wiz, T H R AR K A/ NEIRES A, Ul
AMTEZIR R P BUS A, 5 PBAT A mEAHZ
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[RIEE, AT A RN A EA R B FIVER T
1€ PBAT HH BB ML, SR EDS X oo Wi #5471
TICED AN, 45 R K 8 i,

-
BMg B Si
a—FERD 25 b—HFAh 3; RSN 4; d—FEM S

K8 PBAT & &bl BTy EDS 3514
Fig. 8 EDS spectra of impact section of PBAT composites

M 8 WTLLE W, WAk B e KA
TERREE, MOITE Mg Fl Si 20 A 15 00 i — 45 BLWLHb A%
UET SEM 43t Hrr, & 8d XFRiFEs: 5 B Mg
ST ARG OUARTR), EC A A 2 B i o A A5 5k
¥i5), #E—HES7E K-ADR W/EFIR, BAaBE
PBAT 4B 4T, & fids kL ) 22 P ae it
) EZR A
2.2.4 PBAT & & ##4tey Ak MlgE

SREEREYFEL AR —RAIE
I FAER G W FEAR R H W B A A, RSk
THERGYIIERN Y B, B 1 AR 5 R
Bk ZZ S E i 28 (WVP) 4351k 2.70x107' Fi
5.70x10"% g-cm/(cm’-s-Pa), FEfh 5 WA WVP 2
FEEEL 1R 2.1%, 5 OCER[24140 Eb A — e L #
ORI, MoK MY #ET, BT K-ADR
1 PBAT (Wi R EE N, /K78 AE PBAT &G Hf
AR B 3R T U i R BT B, T R A i )
HAMENTIKS; MK PBAT &4 A FHE
TR BT, SRA WK oy vk BE 8 = HAEFE L
LB, KATFEE LI = WUHE R FHFER
R, SRR A AR b — T T B T3R5 T
BERPIRA, K-ADR 1] LIS il PBAT BYSCIBERE , i
KB —Fh AL BRAPIRAS o 55— 7 T O T OEHLIE
REFEAAR Y () 20 B 0, K-ADR ok 7 JE 4R o E0R)
BN 5] A B n) R, () B ORI A 0 1 2 R A A
By FRHRRPE R EE T, K ZEBHRR A RIEHE T . A
i 1 R ERBEE RS (OP) K 3.10x107"
cm’-cm/(cm*-s-Pa) i AL & 5 WEEA) OP 24 3.17x10° "

cm’-em/(em’ s Pa), MRS 110 1.0%. X2EHT
20, MR YU, TR TR L
BRSSP B A K, FEIRNEE 0,/ F I AT
Y] AR R B, 2 0, 50 T1E PBAT 4 1L
if, — 71 K-ADR 3401 T PBAT B 52 B¢ & ] LARRAIR
HYy 8RB, 7—Ir g T A B7E PBAT i
AYHCRE, FRLL, A LAZE PBAT WA E SRy H 2
FEBE, BT O, 16 PBAT Ry B4t , O, BHRRMEA
KIEHETE

3 #Hit

(1) L ADR4370S F1 KH550 N JECRHE % T
K-ADR, 3% FTIR. '"HNMR F1 TG %} K-ADR [
SEREAT T RRAE, A5 FE, K-ADR STl &,
FEERN 98.4%,

(2) B A Ao A R R B it 1Y 40% 0,
BAFRE (RESY 5) AORAhaE e | whl o A il
P FERE AL 2 30428 T 20.9% . 9.9%F01 58.0%;
FEXTRE S oh e W £ 4T T SEM Ml EDS 20 #r, 45
W, IMA K-ADR J5, EAME L EERZ, 3
WM A K S PBAT Y LT AR 25 PEAS 3 0 e i, o
AR o B T 5

(3) 4 K-ADR MAZEAME)E, & EMEHE
HE ) A B B M 2 i, HOKZE R B R 5.70%
1072 g-em/(em?®s-Pa) . B REH 3.17x10°1
cm’-cm/(cm?-s-Pa), 2% PBAT #ilFfY 2.1%F0
1.0%.
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