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Abstract

In this study, poly(butylene adipate-co-terephthalate) (PBAT) was used as a toughening agent to mod-
ify polyglycolic acid (PGA), a bio-based biodegradable plastic, for toughness enhancement, and diphe-
nylmethane diisocyanate (MDI) was employed as a reactive compatibilizer to achieve in-situ compati-
bilization. Results from Fourier transform infrared (FTIR) spectroscopy, differential scanning calorim-
etry (DSC), thermogravimetric analysis (TGA) and other characterizations demonstrated that MDI had
successfully reacted with PGA/PBAT. With the increase in PBAT content, the impact strength of the
PGA/PBAT blends increased accordingly. When the PBAT content reached 70%, the interfacial adhe-
sion between PGA and PBAT was enhanced, leading to a significant increase in the impact strength of
the blends from 2.5 KkJ/m?2 to 55.6 k]J/mz. Due to the significant difference in melting temperature (7Tm)
between PGA and PBAT, the chain extension effect reduced the crystallinity and crystallization temper-
ature of the blends, which was also beneficial to toughness improvement; meanwhile, blending with
PBAT could enhance the thermal stability of PGA. In conclusion, this study successfully prepared a novel
biodegradable blend material with improved toughness and thermal stability.
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Bt NATDA B Ry ) v B EEAL, ARl A vt 3 T A RHZHT 51 1 ML AR 2RI B2 088
(EARRR T RIS DB 70 T AR AR A, 46K 2 80 20 T AP RHI AL P B MO T A B R (T B2 A
AR . (ERE. B SR BEH S 2™ PR SR, TTRAEDHEE FT AR 70 AR A i S AN H]
AGEIRAIMA, I et BRI TSR BAT + > ORI S AT 52 KA E W vT B AR R
NI TR EAM1]. R, REHEMREMAETEGWR. JIEmEtEE g, X
FERHAS T eI . Bk, PR SRR R E MR S B R E .

R LIER (Polyglycolic acid, fRIFK PGA)Z —FfUEL AT ] AR T R MR S5 #4 (V3L I 5. PGA BAT IR
TR BRI EARENE, (Him 2> T8 PGA MRS LR, Bk, HMisEsSAT, HEisH
HA SRR T BRI AUR[2]-[5]. 280, T PGA BAT A4 i tE S i i, KUk PGA & B &L 57 1 TRRHL IR
PRI 2 PERE 6], FLAARPABRAE 7702 PET CRXTZE —H IR £ )1 100 £%. PLA CRFLER)M 1000 £, [F
I 702 P K B R H A A . PRI, PGA (IR CL2d K B BB AR A4 AT o e 3 S8 40K
[7]-[10]. {H5 PLA 2L, PGA {HFAEMINERIE . A EVEA R EHRIE, XAEMRRIER LIRS T E RN
o Pt PGA RI#INE S 20 E 2,

2. SKIGRR LR
2.1. SCIEHARL
R OFEFR(PGA, Vytal pellets J116 %45 iy 1 [E i fb T A PR A R 3AE, HEE 54 150,000 g/mol.
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S A

BXHE HER - & R T EEER(PBAT, A5 FCI1200)H B ) (BASF)#E4E, HEW/ T8N 53,000
g/mol, HEEN 123 g/em®s “REHGE R ERREEMDDIWE A [ gz e RS AR A A

2.2. ARG

JLVRAT, K PGA 5 PBAT Mtk & T 80 CHEZ A T/ 12 ho PGA/PBAT/MDI LR 4
TARAL(XSS-300 Bl 4%, H45 %A B 70 #/00 % IRE 230°C . WHE] 5 4380 RN BEHL(SZS
Y, e EQCER N SIS A AR AT PR B AR R S, VEMSA IR JEYRIE T 245°C. MR 70°C. EH
IFIA] 10 #5.

2.3. EEBERIMESZ*

K SE [ FEER G R BB /A B (Thermo Fisher)f) iS50 & LI AR 41 /N (FTIR) VG %A, 7E %38 Nl
WAL A6, I EGE R Dy 4000~400 cm™, /3 HEF N 2em ™. RAEE TA (XA 1) DSC25
R Z R AR EAADSC) /IR AT N FEi e N E IR LA 10°C/min ISR 250°C, ARSI
ARG 3 B DLTHBRAT S B R AR A EI E—80°C, FLL 10°C/min R FEFHNME 250C,

KH TA Q100 B A EH /3 Hr AU(TGA) VAL FE M i A de e M. FERZEZSAE T, BL 20°C/min (3820
A 600°C, FEMIEH 5%KEREED 5% IR

RS K HE GB/T 529-2008 #rif, RHHH E T B HAEEA R AR A h g MU T I, R
JEN 10 mm/min. FHRFAMAA T, FREEKE 20 mm. FE/E 4 mm. JEE 2 mm.

hf R REAKHE GB/T 1843/1-A AnifE, 5 A B e g /R MR A 2345 R A = 1) GT-7045-MDL 24 ik
MU TR phel iR BB oS, T S mm. JEE 4 mm. BEFEES IR 5 A, BOFISMEE
NEER
3. BREI

JRUE PLA (MBIt O 298, (BEEXT PGA ARSI SL BN D Wo RIR AR FIE I PBAT
FIE R, AWFEHI& T — &5 PBAT &2 5N 10%. 30%- 50%- 60%- 70%A1 80%f] PGA/PBAT
RPN, JEHEXH MDI AR, X PGA/PBAT AT RG2S N« A FEXT SR Y PGA/PBAT/MDI
Z IR EE R N )5 PERE . 2R E(DSC) K e e YT TR .
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Figure 1. Schematic diagram of the reaction of PGA and PBAT with MDI
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Figure 2. FTIR spectra of PGA, PBAT, MDI and PGA/PBAT/MDI samples
B 2. PGA. PBAT. MDI LA PGA/PBAT/MDI # G 4IohH ik E

3.2. JiFfEge

JORYIF R 3 Fron. B 3 AIA, 4 PGA MRELERBUHE BB A, vl RE 2.5
KJ/m?. 47E PGA "IN PBAT J5, MIE$EE T PGA HI¥PE. BE#%E PBAT & &EMIE N, PGA/PBAT
MR, 24 PBAT & RIAE] 80%K, PGA/PBAT phiisa/EiA®| T 35.6 KI/m?, b4l PGA i
T 14 fff. PGA/PBAT K & H VN MDI J5, 7] DLBA R RAE D ph i siAE . WA R LR H, 4
PBAT & &{KT 70%0K, MDI [1EAE 2, W PGA/PBAT (30/70)8k [ b i 38 & A 35 KI/m?, TiifnA
MDI J&, PGA/PBAT/MDI i3 EE ik # 55.6 KI/m2. [RUt, ¥I0 MDI W] 4 RR T 2 ) ph o 3
{H24 PBAT & &1L 3] 70% /5, FHZFI(MDL)HIFE FH 52 21301 . 2 — BB 50K, 24 PBAT & & ik H| 80%
i, 76 MDI 4R KRR BB S & . Frd PGA/PBAT/MDI A& 9, 4 MDI & H e & &
(phr) 1 phr, PGA 5 PBAT Jii & Lh(wt/wt) A 30/70 B, 1335 s b 55.6 KI/m?, H4li PGA
T 22 f5.

LRV MR R 4 PR . bR R — G 2 PBAT & &AKT 70%M, ¥ 0 MDI A4
FHRETW MK, 1124 PBAT & iA %] 80%Hf, MDI X —/E W&, 5 PBAT X o 5 5 (1) i R
[F]: 2400 30% PBAT I, & R W2 M KR M 20% 51— T4 100%, [E#E PBAT &&=, K
KR W2 N, 2 PBAT & &iA 3] 80%IN, Wi KZIAH] 267%, 4L PGA #2m § 53 4.
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Figure 3. Impact strength of PGA/PBAT and PGA/PBAT/MDI samples
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Figure 4. Elongation at break of PGA/PBAT and PGA/PBAT/MDI
[ 4. PGA/PBAT A% PGA/PBAT/MDI Bz %

3.3. #AsE

DSC #ditn#e 1 frox. 5 MDI VG, FLIRMIIIV 45 i B2 (To) IR IR WS, IX R BT ER R
TR T2 izl . FLR AT R R AR TSI TSR E Y, MAHE AL RS B AT S SR K K
RENI[13] [14]. HE TV RN B> TRIEA, EEREWD TR, SEURRNTSIME TR, it
AR T AR B o BRI, SRIRMIII S R L 5 ke B R FE 359 A PP IR - PGA/PBAT JHIREYIH DSC
i RIP MR RIRAE, X—IRIRT R RDREW D TR AN, SRR BN E R
B, fEIA PBAT A1 MDI J&5, BAMARKARIRMY GE. SbiaiF mbt b, w7 mmsntt, 1
T &A%, ERERAE R T AR, BT AR RRENE & B SR R RLESE, PGA fETN
Tl ke G kA, b ST PGA IR E Eth B R 3. MILIRWIH) TGA #hZ(/&l 5)h ]l LIE 2,
R, S%RELE ) 5% RIRE) WA T4 1 4. A MDI X PGA #EATH #Ecik, wIHE
Thel PGA HIERENE, TEEPREZARKENR RN, E2 0 TRERES; HXTIa
PGA/PBAT JLiRYI(TLiIR /& SR IN MDI), H 5% K Hilh ERA —. [, PraItiRIE R 5%k EilE
HLeal PGA BARTE T 30°C, X —4RERN], #Eid 5 PBAT SR ATA 2 PGA HIFIAFRENE.
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Figure 5. Thermogravimetric curves of PGA, PGA/MDI, and PGA/PBAT/MDI
& 5. PGA\ PGA/MDI LK PGA/PBAT/MDI #E %k

Table 1. Thermal property data of PGA/PBAT/MDI
3 1. PGA/PBAT/MDI M &t $i¥E

PG@/;E?;"&\;IDI AHm ra/(J/g) Xeraa/(%) Terca/(°C) AHc:rcal/(J/g) Tn/(CC) Tas%/(°C)
100/0/0 68.5 34.8 195.2 61.5 220.1 306.1
100/0/1 56.7 29.1 187.8 48.7 210.6/220.1 337.6
70/30/0 60.3 30.1 196.3 55.1 216.3/221.2 359.9
70/30/1 384 20.2 186.9 24.8 211.3/220.0 347.7
50/50/0 28.3 14.6 193.8 10.8 214.8/221.9 344.8
50/50/1 242 12.3 189.1 10.7 210.4/220.1 343.0
40/60/0 25.7 13.4 194.1 159 213.1/221.5 350.5
40/60/1 16.6 8.4 190.9 5.2 212.2/220.1 352.7
30/70/0 15.2 7.1 220.6 344.6
30/70/1 9.8 4.0 221.5 345.7
20/80/0 221.1 343.7
20/80/1 220.1 349.8

4. &g

AW g S RN T % T — RVIANE PGA/PBAT/MDI W] AW B SLIEY) . T3 8 B R A,
NI MDI B ZE 3 s T SHRIN I . WIERY B, BEAE PBAT SrE UGN, hiiiRfERERRR T 24 PBAT
EREILF) 80%H, PGA/PBAT i g EiA % 7 35.6 KI/m?, b4l PGA #1714 f%. it LA F 45
PGA/PBAT/MDI £ i I S FE AT 1, 24 PBAT & &IAF] 80%M, BIEAAS N MDI, X yh o 5 0 7 54
K RIAZ M, BAh, JEASEA RS 7RSS R, XA TR IR . 2R RN,
DL PBAT M #I7T LS &1 PGA 01, IO FRIHARZ ) MDI, SR A AE 3L 5, dE— 5845 PGA 1
PR EEEE N, 24 PGA/PBAT/MDI (wt/wt/phr)i& ] 30/70/1 B, fRRphtEE R K, X% 55.6 KI/m?, tb
4l PGA #2751 22 f%. [ PBAT Al MDI 243 T PGA [IF#FaE M, FTa IR 5% fftiin 5 15 b 4t
PGA #/DiRTFT 30°C,

PGA 5 PLA Hitk, B AR, @ik PBAT Ml MDI, #HATHRPARERILERA, "H & H
— RYNEE S P& 551 PGA/PBAT IR ZILIRYIE IR IR o FARL, rit—2F
B A A R o SR L FH A
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