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Abstract: By melt blending of poly(butylene adipate-co-terephthalate) (PBAT) and styrene-glycidyl methacrylate (ADR), a
series of biodegradable materials (PBAT/ADR) were prepared through a twin-screw extruder. The effects of ADR on the melt
flow rate, carboxyl end group content, gel content, thermal properties, rheological properties and mechanical properties of
PBAT at different blending temperatures were investigated. The results showed that the melt flow rate of the polymer
PBAT/ADR decreased significantly with the increase of ADR content. When the mass ratio of ADR to PBAT was 1.8:100,

the melt flow rate met the industrial production requirements. In addition, with the increase of temperature, the terminal
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carboxyl content of PBAT/ADR decreased significantly, while the gel content increased significantly, which proved that the
crosslinking reaction between PBAT and ADR occurred and the branched macromolecular structure was formed. With the
increase of temperature, the crystallization temperature of PBAT/ADR decreased slightly, and the glass transition temperature
and thermal decomposition temperature increased. The viscoelasticity of PBAT was significantly enhanced after the addition
of ADR. The branched cross-linked structure was formed inside. The processing performance was changed. Compared with
pure PBAT, the tensile strength of PBAT/ADR increased and the elongation at break increased significantly. The maximum
tensile strength was 19.2 MPa and the elongation at break was 1036.3%.

Key words: poly(butylene adipate-co-butylene terephthalate); styrene-glycidyl methacrylate oligomer; biodegradable;

melt blending; chain extender
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1o AT AT DL R R BRI ) 2 R AN AR S (R) A, R 1 R 3z fd R e
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S . FeJn, BEPEGEINT F, ADR R34t 5L G 6 A Y 5L 2 AL A 1 2E M fE .

A3 ADR 1E R PBAT I 555, ¥ PBAT 5 ADR TE B SUE A5 AL b mn R, sl il 46 1 58
&%) PBAT/ADR, Jf-X PBAT #il PBAT/ADR W25 # | Wi A8 VERE I 1 =R e AT T R G 53 Hr R AE . ¥ ADR
S PBAT H1, ADR [ FR S8 FE 9T IF, 5 PBAT Hb i i 8 5 A v 12 5 I vy A= ol T S Rk 8, SE4C T PBAT
Iy FREAR I, B AREE T PBAT PERE LU .
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Fig. 1 Molecular structures of (a) PBAT and (b) ADR

1.2 IWHE

1.2.1 PBAT/ADR #9414  T55E, ¥ PBAT & T T4, T 75 C =S TR 4h LERRK S . B THEN
PBAT 5 Z JUH A Y i 5] ADR A BUREFFHF AL, I 2EA R0 TR BE (160~220 °C, IEEREFE N 10 C) T i
ks IR Y 85 KV . 24 ADR 5 PBAT A9 5 ittt (m( ADR) /m(PBAT) ) 435 4 0, 0.9/100, 1.2/100, 1.5/100,
1.8/100, 2.1/100 A}, i 15 /9 2 & ¥ 43 5l #5% ic & PBAT. PBAT/ADR-0.9, PBAT/ADR-1.2, PBAT/ADR-1.5,
PBAT/ADR-1.8 Fl PBAT/ADR-2.1. WUIEFFHE 3 35E 5E K 50 v/min, e RFAHE K 40 N-m, A [ 7 X B 15 8 #B ok
[F]—RBE . 375 SO 58 R, B S R TR T, 7E 75 °C T4 4 h LA BR K53

1.2.2 PBAT/ADR # 4 ZAf K 694 & N LR 855 B9 FE S BB 0 A S8 ML A7 1 98 B 8, o i RS
135 mmx13 mmx2 mm A IEFESR DL AR 15 mm, JBJE 1 mm W BREDJERE R . F 8, AR BRI E N
25 °C, I SAHE K 700 N-m, 43K E K 10 s,

1.3 MWK 53R

MFR: F| | XLR 400 B % {4 5 2 38 348 ([l 7R A T 4 A DA 25 43 BRZA /1) 3 PBAT/ADR 4 il 2% 5
Y sl 32, RITHAY BEROR . 78 190 °C R, FRid 4~8 g BUAE i ke ABHET, 4% 5 R 52, FH 5 min /5,
PR 2.16 kg MYRERSTICAENS ZEAT b, 136G ZEAEE IR T T RE, DNIRREAE a5 i, e P Aa i il it 115
FE 5 ) MFR,

BEME & 1 ¥ PBAT/ADR A Y85 BUBURCIR, FRELZ) 2.0 g T4 0 3R A 0 F0RE I A I A0 28, A 31 &
[CHRERES B $2 U v, FERR O P I A S, 100 °C JHVE A 48 h J&5 , B A4 BT 75 °C B2 B b T #
12 h, RECTRJG A B (m) o LRI E R 3 WHCE A, B8 & 8 m/2.0x100% .

Ui R EE T i MRS GB/T 14190—2017, SR FH W2 i 5 1250 % PBAT/ADR R4 4 i o 2 2 & it . FREX
— 28 TR R A AR, KA A 50 mL 2R 5 = S H e AR LG Ol 203 MR AT T, A E R 2T
SRIGVR N2 25 Co FEVS W HHIB N 5~ 6 i IR 1 o 48 7 3%, & 46 41 (KOH) - £ i (KOH ¢ & 4 0.05 mol/L)
R YT S8 TR R A T 5, 4 VA TR €0 7 T I ) T o 2, TSR T R R . BRI R 3 IR B34,
Fe X (D) B R L 5 & (mol/t) :

3
Terminal carboxul content = w @)
m

Horp, v R R T AR BT S VR A (mL); Vo A28 IV TROTH AE 13 5 VAR A (mL); ¢ S KOH- £ B i 5 T 1Y
B (mol/L); m FikFEFi i (g) o

A PERE A AL 45 15 mm F 474 A9 MARS 60 % jiE 5 1 28 4% ( 2€ [E Thermo scientific 23 &) ) ] &
PBAT/ADR B-E W0 G AR (G”) . FEF T (tan 0) LUK o W5 RS0 (8 F 76 AT AR =X A7 45
KA, IR R 190 °C, FHEVEF A 0.1~100.0 Hz, 8741 1124 10 uN-m.

e e MERE: A H TGA 550 BUHE /3 Hr 4% (35 [E TA Instruments 23 7] ) i34 28 4 4 PBAT/ADR (1) #fa &
PERE. HUS5~10 mg FE B TR R T, ZUAE, 23R R, 60 mL/min, FHE #2410 °C/min, M 25 C
Tt % 800 C.
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PERE: FIH] DSC 250 #1252 /R H 5 B Y (35 [H TA Instruments 23 1] ) 118, PBAT/ADR 344 04 il 2
PRETHLIERE . B 5~ 10 mg A5 TR G b, 2l A R 61 25 HH, 78 60 mL/min M T, =70 C
FHE 2 330 °C {4 10 min, FfM 330 °C [ 270 °C £ 10 min, 355 K A —-70 C FHR 2 330 C [RIFEIRE
10 min, FH I FI IR 28R 10 °C/min.

F12#PEBE: SR H INSTRON 5966 #4777 g #4442 36 L (9% [ Instron Corporation /A ] ) il i PBAT/ADR R &
YR BE, MK 3R R 100 mm/min, HR 45 CHLRHRL M BE AT 2 27 2 35043 B8 AN BF 98 B} 0306 25 1)
(GB/T 1040.2—2006) ik, Ko HE i B A 5% .

2 FERE5WR

2.1 ADR Xt PBAT {8200
TEMAIAEE T, ADR BUSRESE A BT A, 5 PBAT i) s 548 3 il 32 ik S o7 A A g B A ik el T2 SR &
%) PBAT/ADR, 1625 i 2R A 2 Fis .
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© Representing part of the structure of the ADR molecular formula; ) Representing part of thestructure of the PBAT molecular formula
2 PBAT 5 ADR b2 VR
Fig.2 Schematic diagram of the chemical reaction of PBAT and ADR
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U8 e, A TR 0 A A ER 0 T RN 7 i 4 el PR RE
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4.8 g/10 min, £F45 Tl ff 112K (3~5 g/10 min) o B & § 5557 F & 19 2 — 2255 in, PBAT/ADR-2.1 () MFR %
% 1.9 g/10 min, YL H ADR LR T 3 BK A5, 30 PBAT 5 ADR 22 0] 77 A= S0 B M 45 4544 . Bl 5 L P A g™
e SRR RN, RA W) MFR B ZFEAL(E 4(b)) o T ERATEES ] & PBAT AYHAREARE, M X i 2 1k
PERE = A ARG M, PRI S22 s iy FH v g 3t B iok v BORLEE o SR B4 SR 3R W, AXAE 190, 200 °C A1 210 °C fin TR
J&~, PBAT/ADR-1.8 fi{) MFR fEM% 5l i Tl Al A AR e . 3T 1L, 5 SeF 885 5 48 25 C TR~
PBAT L) 2 190, 200, 210 °C /il T.# % F PBAT/ADR-1.8( 43 %l kric & PBAT/ADR-1.8(190 °C ) . PBAT/ADR-
1.8(200 °C ). PBAT/ADR-1.8(210 °C )) B4 1k fE

(a) (b)

or 3T5 0190°C 33 PBAT/ADR-0.9
35| ks ! PBAT/ADR-1.2
% , 30 PBAT/ADR-1.5
~0t o . PBAT/ADR-1.8
= 25-///",." 725.7 g | I
: / // LR 1 Lk x
220 / / _ = z
5 / / y B1s = 1 =
| // r =" 1Tl YT
Sl / / / / 5 A L ¥ IT
) 7 / // Lo Ml laianinr
0 09/100 12100 15100 L5100 2100 160 170 180 190 200 210 220

m(ADR)/m(PBAT) 7/%C

4 (a)190 °C 'F, PBAT/ADR ) MFR; (b) AR TR & T PBAT/ADR ) MFR
Fig. 4 (a) MFR of PBAT/ADR at 190 °C; (b) MFR of PBAT/ADR with different processing temperatures

PBAT K 76 A [A) il T3 B T PBAT/ADR-1.8 1 &E ¢ & i i JR 3L & AN 26 1 i . Bl R E TH
PBAT 5 ADR Z [a] (1) 52 b 3 3 iR, ADR A1 30 S8 AR BT T, IF 5 PBAT Hf A s R Jk A O AR il 32
PRy o X —id 8 T B R 3 & g W A, RIS SE & B W . BRI — P e T AEY B
Firf, PBAT 5 ADR &/ T ¥ 8 RN, =Y 0 T 238 KO8 R T S8 BRIM 45 2544 . LAk, 543 F R BR7E N

RO T T RE & A AR, I Bl SC IO S I T S — 2 IO bR 235 0 P 050 Mg , 3 o R e ot 8 g o ot 2 v 4 fom T
AeHA B, H PBAT F24% 25 # v i ot JR 56 mT R AL LR A 7, 6 1m0 52 i) PBAT (W T & fe b . A
Uk, 7SR FH Y, B4 I 058 I i RN R L i RN

F 1 PBAT BOARIFN TG T PBAT/ADR-1.8 fYEHE & o LS R 5 it
Table 1  Gel content and terminal carboxyl content of PBAT and PBAT/ADR-1.8 at different processing temperatures

Sample Gel content/% Terminal carboxyl content/(mol-t ')

PBAT 0.01 24.80
PBAT/ADR-1.8(190 °C) 10.44 13.04
PBAT/ADR-1.8(200 °C.) 12.32 11.35
PBAT/ADR-1.8(210 °C) 14.93 7.25

2.2 PBAT 5 PBAT/ADR B 2 M AE

PBAT } PBAT/ADR-1.8 i AE PEREUNIA] 5 Frow . B i B i 55, PBAT/ADR-1.8 (1) G'Fil G" ¥ 52 8 b
FHG R G F, JEHE A X I, G G G IE B B o BT 0 (8] 5(a, b)) o X2 W 9 fE sk e B &3 m 1
PBAT (W 5 34 3 FI S AR AR B, DN HG 58 T 40 18 Z R A g S5 300 . ILAh, IR TR s T PBAT 5
ADR Z[A] 1 SR, JE LT B 22 0SS Tk M 4 254, 34000 ik a sh AR st A8 75 S PRI E . X A2 Ak ffi 75 PBAT/
ADR-1.8 (4 7R 3% BRI PR M 1 o, T4 = T 946 5 SRA Wit . BE & I TR 9 7t &, tan 6 38/
(18 5(c)), B/INEY tan 6 (B K BT SR G 4 i) s8R ey 107 B BR, REMEFETORLSS , X AW &l 9 5 F S , PBAT 19431
BELE R MR 55 A8 K SZ AR AC BRI 25 2540 . anl&l 5(d) iz, 4li PBAT 1658 58 BTSN (0.1~ 3 rad/s) 81
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W AR AT g, He o N AR AR A AR A T OSSR, A R AT U S B S DA 94T o B T A4 T
, PHEAZR A BT A, PBAT/ADR 7R N B ¥ 511K, RG YR B U] B A IR WO R R e . otk
b, * B R FERA SN 2, R WIYTEE)S A9 PBAT Ui A5 Y1 AL M7 o SO0 W] A, Xt — RS 1 T i
P A R A FE X 2T RO, 0 TREA R | SOPERE it v A S SCIR I 46 084 22, DT 3 B0 00T B 22 19 701 BE )
2SR

5 - 5
1057 () 10°r (v)
104+ 104 -
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5 PBAT JRIIN T T PBAT/ADR-1.8 i TERg
Fig. 5 Rheological properties of PBAT and PBAT/ADR-1.8 at different processing temperatures

¥l 6(a) i/~ & PBAT 1 PBAT/ADR ] G'5 G"M X R . H 2 L (G=G") FREME M NTE R AT R
(G'<G") M AT R (G>G") WEEAE . FEAHFFERIR T, B & BN T m, BEwn ¢ w87t JfF H il
LRAE T X B W T S 2k . X — Bt — 063 T 1 B S B T R AW TR R R
FE o n'n B Gy R GOS0, " Ry B R 30 ) & FH TR 5 5 0% st BsF [] - A AR %) R0 1k o, R 2 AR S AR 3R
GUMERFR . MTFFZREW, - B S BB 2 AR, MR A YEE Rt A 5T 0= B
FASER S . M 6(b) T LLBH & ), 4l PBAT AL 2 R 1 4NE5K, i PBAT/ADR 544 W 75 B 54 i) 3L T 1
AEEFRECEE 2 AN BIOK . BE R T, PR 2 ()04 A ) s R XA Bl . Ik A, 7 PBAT/ADR-
1.8(210 C) 1, ZZ 2 ) PBAT BERUAL i LR B0 4 i 2, X IESE T ADR B AAE (i PBAT JE i 1 AR Z5 44,
MTAME T PBAT 85 KBz s, 28 LTk, ¥ A PRAEAS PBAT 1943 T8 4544 h J5Ok ) 268 B i i 1 o =2
FEGERE), S AR B TN A B A B8 i U B s I 3 iR, AT S0 1 B A A R oot
2.3 PBAT 5 PBAT/ADR Hy# 4Rk

PBAT J% PBAT/ADR-1.8 i) XK FHil& DSC #i£k anl&l 7(a) frzn . MR AT L3S b s Wi 22 2], 40 PBAT A9 3%
FEACTL IR EE (Ty) =35 °C, 3 s (Ti) 24 124 °C Bl N TR EE 19 FH&, PBAT/ADR [ Ty B8 fm . 40T
T R 210 °C B, Ty 3K 528 °C, AH L4l PBAT #2751 7 C. X /& T PBAT 5 ADR 2 [8] i1 46 B 1 F 5 34
PBAT /3 F#E B2 832 PR . 28 (kX PBAT/ADR A4 s s M A0/ IN, (LG5 &l 32 Bl 5% s 1o I B8 1) P v T
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FEAIG . B I TR E LT+, PBAT/ADR 19 45 fh il B2 sl /N (B 7(b) ) o 4l PBAT Ff B 45 S IRJE N 93 C,
1 PBAT/ADR(210 °C) F) 45 il B 25 84 °Co X FBH BUARY™ 4 S Iy A6 I 1) S AR 5 A 38 n T db A% Ao i B8 i 5
I T A% R, (A BRI T PBAT 5B iz 2, MIMTREAR T 45 M . PBAT & PBAT/ADR-1.8 i) TGA i
(B 7(e)) BR T — At B 4R EEK T 300 °C B, PBAT {35554 5, AL &4, LI B0
e, BEE DRI T, 4 PBAT JF4A LR T, R 5 5% I A9 20 M B ( Tuse,) M 358 Co MHHLZ R,

G'/Pa

(a)
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