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Abstract:

Currently, plastic pollution poses a global threat, with a large amount of
microplastics present in soil and water and entering the human body through
biological accumulation. Developing biodegradable materials is an effective approach
to address microplastic pollution. Polybutylene adipate terephthalate (PBAT) is a kind
of commonly used biodegradable packaging material, althought it is expensive and
derived from non-renewable fossil resources. The current research focus in this field
is on preparing biodegradable composite materials by incorporating low-cost,
environmentally friendly, and renewable natural polymers such as starch into PBAT.
However, natural polymers like starch have significant hydrophilicity, while PBAT is
a hydrophobic material, resulting in poor compatibility between the two when blended
directly, which affects the material's performance. The challenge in current research
lies in efficiently preparing PBAT-natural polymer blends with excellent compatibility
under melt processing conditions by adding compatibilizer. Traditional methods face
difficulties in achieving high grafting efficiency for the compatibilizer due to its high
melt viscosity, short residence time, and low grafting density under melt processing
conditions. Inspired by the principle of the adhesion of Velcro in daily life, which
states that "the structure of multiple loops to multiple hooks tends to tightly bond",
this study utlizes polyurethane prepolymer (PUP) as a compatibilizer for PBAT-starch.
Multiple isocyanate groups on the PUP react with multiple hydroxyl groups on the
starch particles, resulting in a composite material with excellent compatibility. The
grafting efficiency of the PUP compatibilizer is expected to reach 100%. To achieve
this, the study first synthesizes polybutylene adipate polyurethane prepolymer
(PBAPU) compatibilizer, which is then used in the preparation of compatible
biodegradable PBAT/potato starch composite materials. The obtained composite
materials are subsequently processed into biodegradable packaging bags using a
blown film technique. A series of datas and phenomena demonstrate that the
compatibilizer PBAPU interacts with starch particles through urethane covalent bonds

and interacts with the PBAT matrix through physical cross-linking, significantly



improving the interfacial compatibility of PBAT/potato starch materials. Furthermore,
the grafting efficiency of the PUP compatibilizer is determined to be as high as 99.16%
through separation and purification, demonstrating the effectiveness of the
Velcro-inspired strategy in enhancing the grafting efficiency of the composite material.
Additionally, the blown packaging films produced in the experiments can be used for
disposable packaging of stationery and biodegradable seedling bags for plants. In
conclusion, this study's Velcro-inspired strategy provides an approach to address the
low grafting efficiency issue of traditional compatibilizers in melt reactions, meeting

the requirements for industrial production.

Keywords: PBAT, starch, biodegradable polymers, compatibilizers, grafting

efficiency
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W FAG BT P A & F . PBAPU N T FER W 5 fiis.
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P70PS30U5@NCO 4.5 63.0 27.0 45
P90PS10U5 4.5 81.0 9.0 0.0
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TR FEEAA 6} /INRIORL , 75 3] B 5 WSO DR A o 4 PR A B PR K 2% TR DT K 12 e,
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MR . 25 ARSI BN, RIS, IR SEM
HEAF S B i
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P R A S g AR E 1 6.

eseER, ZEFIUE

~ PBAT/AY — PBAT/JLIE
PIOPSIOUIOs =R ot = M o
+—= Ny g
’“ i ~
_ PU@PS 95‘C, lh’ eiRE
HEREL a-iERIE
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PUREIME+a-iEn s «
Fig

B 6. B SRR S AR
QEHNRITHE
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3. ERSTH

3.1 MIIESH

'l' N ©

Modlﬁe1 PS

Meltmg mix
Ilﬂ 1 iU‘ Moldmg ~— Pellets/
i Gl

Poly ner

Pr oducts

B 7. BEMEH SRR

AR I Sailid MDA PBA — e () M| 4% H PBAPU 1 PBAPU@-NCO,
SR 5K PBAT T8 5 0 D4 2K . PBAPU B, PBAPU@-NCO JE i & L %
W, lfR 3] T BEREESE A ME P7T0PS30. P70PS30US. P70PS30U10,
P70PS30U5@NCO. F-H4 i3 2 -G+ 3 mA - ESBHLIN TAF 2] 1 )51t Re ik
Fok. FERESE, BA6, REAGE: I HBE%E PBAPU & &1k, MEAZ
RN, BARGARLIE 7 fis.

3.2 HEMLINEESH

& 8(a)’y PBAPU. PBAPU@-NCO [1J KBr & F ZL4MGi . PBAPU £ i
TEA R EIRIEEE(-NCO), HANFEIRSN AT 2273 em! ARSI, 50 TSR
BLIHI#3 7 & -NCO 1) PBAPU, 45 FA Weng M) 40 A 45 R —3. (HAE
PBAPU@-NCO K1t I A& K IAE 2273cm ! 4b MR U I, X % B PBAPU@-NCO
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FH-NCO i 4], [t PBAPU Al PBAPU@-NCO ] 4 FYERT 784 F-NCO X #4
FHE R R o

AL, WK 70)FR, ERRLEH ) PBAT ) ATR ZLAMEE R F 1712em ™ 4b
AR, 1Z0ET)E T PBAT [HILM4ERS), RFIZAH&H K=
PBAT. %K 5 MK PBAT MZLAMEREELF—8, RBIE 7(b)% B R
3 N PBAT. 26 MR 2 ERSEERUIELE 1724 em™ 4y, TAEE] 7(b)h AR
RIZFHE RS, R BZZH 7 AL & R B A T, RO SR ARG A7 78 5
VN SRS, T AR A 53 B S SR AR R A AR AE T PU@PS Y, [RJHRE B
T RAB BRI 100%.

PBAPU@-NCO

T |PBAPU

2273

1 M 1 . 1 N 1 M 1 N 1 M 1

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (ecm™)

(@

19



100] — j f—" TG
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Wavenumber (cm)

(b)
Bl 8. FESMILL A EIE Rl (a) KBr A% PBAPU@-NCO A1 PBAPU,
(b)ATR VLM 47 B 24l tH 1) PBAT

3.3 RN

2 5. P70PS30U10 £ 54 25 J5 25 4H. 5 B dia

PU@PS

mg * a -JEN G m, ° e
(JEWr: PBAPU=3:1)

2g 05¢g 0.1g 04958 ¢  99.16%

o SRR N 100% 00 ST HUZ PR TR, P my 90 B ERAE ) ST U SE bR i R

FEFR AL AR H A I P7OPS30U10 H & 207y i i 2ty PBAT: L 5Ek
PBAPU=7: 3: 1. i I =SUH Beis 0 vl LLA RS ) PBAT AN ) SR &
R, B BHER RN 100%, W) =GUH Be i FIAL e i @4 P7T0PS30U10 Hr ()
PBAT, F|R1F2|0R PU@PS H R & LG UEk Ml PBAPU, HIHJiE LN N
3: 1. ¥ PU@PS #t—2 70 B ek o 5, AR PBAPU FHEIMZ 1 i
NI K PU@PS(2 g)ff) 25%, Bl my = 0.5 g. SZPr b, 72k PBAT FliE
¥ JE, B iR &N S )E A o-TER B0l  0.5958 g, R BRI,
HAR a -GER R T E AT K, ABJE SIS NI TR e 1 L 4 B AR PR
VE, IR E I 0.1 g a-VE A i 5 75 3] S 1) 5 2 e F7 1R U2 ot Bm, =0.4958
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go HHRBCRIUHANRFEEE = 2—2 X 100%) AJ LAFS H AT BHR R R

99.16%.1X % B PBAPU 1 JL A fR-NCO £ A IE R b 1¥-OH H ek Beds &,
PR R ME, A BARM RS R,

3.4 HEMENR D
R 6. FEAL /1A R RESRE

R il LIk HEE/MPa HKE/% WreTh/d
PBAT 14.240.2 365.2+17.3 2630.6+127.3
P70PS30 10.240.1 36.8+4.9 56.3+4.3
P70PS30U5 11.640.3 89.6+8.2 515.5+41.6
P70PS30U10 10.4+0.3 180.0+11.5 744.4+193.5
P70PS30U5@NCO  7.0+0.3 83.4+11.3 379.2+1.8
P9OPS10U5 12.340.1 213.4+6.4 1410.4+11.2

® 6 R v e . R T, 46 PBAT $ihise 0N 14.2 MPa,
MR 365%, X REZM BRI RLF, (HEREHK 2 A E. PBAT 55%
EIEN HASURE RIS — AN PTOPS30 J1tEtkRER Z, HMTRMKEE
36.8%, FLALIRE N 10.2 MPa, 32 AMRC A [FIIN N [, XU ] d1T-JE A1 PBAT
SEHKMEAR, —HAmMALEZE, Kk P70PS30 EAKEMN F12RE. 5/
FMEEWIEFER PBAT MVEMIR G, RIMAAAZFAINS, JEX/PBAT HIHL 8 A
14.5 MPa, Wi KR INE TR 41%, 5 FLIRER—8. Ak PBAPU /1
S, AR S AR R SRR R B A KRR i . HR R A 5%
PBAPU I E G #1EL PTOPS30US fWr 2K S AHRS T PT0PS30 M 36%$2 =1 2] 89%,
PUhr o B A 102 MPa 2% %] 11.6 MPa; fI A\ 10% PBAPU [ & & #1 Kl
P70PS30U10 HIWTZHHK R ILmF] 122%, AL P7OPS30 HIMHK R IZE T 400%,
PrhrsR BN AT TE, 279 10.4 MPa. XK H] PBAPU HIINIAAT Uk | PBAT
Ly B S B) LTI AS AR 25 1) o A, ek o R R S A5 3 K P i v o [R] IS B o 2
SRS ERN, TR S X ARG, PBAT e HAH BRI Sk, Ak
PE B Th. ESRBRAEIOIF K DL 2,2-(1,3- V0 2 3 )- I M ik (PBO) 1 A1 75 7511 312 T
PBAT/VE¥) A M RHERERIRT 5, B3 PBO WINEM 0% FTHE] 5%, #EHH
JIEETEReSe BT R TR o T AR SR (VA ek 5 FEE I 2 A 2 SRS I R g kg, iE
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BT PBAPU M4 548 T PBO.

T AZ, FHET P70PS30U10, EA#1EL PTOPS30US@NCO 1451 )2
VEBEEE 2 N, WM KR R ER T 83%, BUbisREE R T 6.9 MPa, L
ZAKT P70PS30. 1% 5 B R A5 B A4A-NCO 2111 PBAPU A4 fE5 SR ZIEM 11-OH
RAERBL, FHIG5E PU GLE 2 5 ek BRI AR 7, H-NCO J:HIx} %%
A S T RS 2 DGR

3.5 EEMRETEMEH ST

M EiR SEM LBl AE H, Bt S-&RHETT I 0x AP, RS,
RIPZAMRIRIUE — @ M8, BRI TRZMEeE. — RIS, WA
VAR Ji B U 7 A B TR SR — B, AR s A R e, R, R
B e 200, 26 9(a), P70PS30 (AT F s H BB ive ks Bk, H5
PBAT B4 2[R A7 75775 7 v L 11 1] B B8 B (Cn 38 € U ME P BT 7R) s RIS 3 Tl BAAK
O(b) T 100 |54 HE F L 22 21 e K UKL A 85 PBAT £ 5 B3 R (1AL o X L8 T 5 K 1]
P70PS30 £k HiEky 5 PBAT ZAKAH HAEH 71559, ZFHAEZBSMEIEH J0t,
WL AR SRR G, 255 TAHBL S, 3 — DU A AR SRS PR 95
BB FPOMIE R AR T R T RS (PBS) R A M/ H AL, 75 SEM R H
RIVVER NI PBS SR MESS, BRIHA KEIVERm SRR, FIASZE T
SERMRT . (BN 5%H) PBAPU J5, E &K PTOPS30US ¥ ¥k Wr L Hh &
I HH B VR BORL( 9(e)MI(d)), KHIER BRI 5 PBAT BAKTE AL 1 AHZS
Ve RUFIIEAR, H'5 PBAT FHEITER /138, SECHAEZBISMBIER 10y, WA
RESEIEIT PBAT SEARFIVEN (R4 FHIH, 1 23 I8 I JE b UKL, DRG0 584 3] 5 %
AR 0RE o ML 9(f) AT AR 82 3], PTOPS30US@NCO [ FL 1 ¥E 4 ki 5 PBAT
SEARAEAE W ) TR) B (L £ o B3 Bl AT, SR B 2 Sl AN A . XS EL I 9(f) A
9(a)m] LU I P7OPS30US@NCO ¥ i 711 1] B B A N AH 25751 (1) P7OPS30 %4
FLHEIAIBR /N, RN KT PBAPU G R R THAH A M — e e s, X EEL
H T 2%3% PBAPU H ERA 1 -NCO £, HAEEKEE M7 H 5 PBAT %
T A B E A AR R R A 2 SR AE 2 o X Fh 2RI 1K) PBAPU 251
T3, FrLAER 6 h P7T0PS30US@NCO L P70PS30 58 A%, (HHKFE
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tH—ff. BB 9(e) P AT # i — DRk,

300 pA SE 20 keV 2023-08-10 1.10 kx

(e) P7T0PS30U5S@NCO, 15KV, x 500 () P70PS30U5@NCO, 15 KV, x 1000
&l 9. PBAT & &A1 EHAURIT I SEM HE

Zidy LR SEM 455 A 51 PBAT/ SR ZUE K /PBAPU & & AR/ 2 18] BAT

BORMAHEAER ), RRI SRS REF. X2 K08 PBAPU 5 PBAT g K
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Bk 18] REWS T D B A S AR A IR P, [RJIS SRS R AR A 71 RI-NCO J: ] 5 e
FK)-OH A LR B e, AT 0 A i R 4544

3.6 BRI EUNR o1

M 10 AT LAE i PBAT J&flE %009 9.96 g« (10 min)', 2P s &
AR B L, SR IZA BRI BN AR X BT o IX 2 R PBAT K431 IR (A AH B
VB S A 3 B 99121 52 A 818 POOPS10U5 i 51t Lt PBAT {1k 4.20 g + (10 min)™!,
X RN BTN 1) S5 88 Ve e — P TRLIEOR), AN HE BRI, SEZE S
MEHNREN A ZE . RIMAAHB R EEHEL PT0PS30 MERbTE4ECH 4.14 g+ (10
min)!, TIMMA 10% PBAPU J5 & &M% P70PS30U10 HIMEREFEEL FIEE] T 2.16
g+ (10 min)'s XZKH PBAPU FIIIAIET T SR ETEN A1 PBAT B FHHIAHH
TERT, (ERESERA—ANBR, SHREAMENRSIEAZ AR . X —4
WA 5 VT IR R 2 (0 B 2 U FH O )5 1 B TR R A5 0 PBAT SRR IS 40
S5 AT o

fERREEX/g-(10min) !

12

10

PBAT P90OPS10U5 P70PS30 P70PS30U10

B 10t BN S

(e}

SN

N
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3.7 MRIRIK MR GG R o4

R 7K 2R /%
4
35
3
2.5
2
15
1
0.5
N
PBAT P70PS30 P70PS30U5 P70PS30U10

B 11 BPRHRITK =

B 11 A& E S EHRK R AR E . HIER T, PBAT MUK AL,
J& T BRI R N8 e 5 TS 2 &4k PT0PS30 MK %4 w3 T
3.26%, XAF IR S Z I &A KERE, ek mi7. EEmA
5% PBAPU J& T3 & & F1EL PT0PS30U10 11 /K A1 P70PS30 M LLAT BT T B4,
NEEE] 3.04%. IXSEK N PBAPU [{-NCO JEFITE#ERL T &5/ vek Lz, &
EVER TG MEUE AR, B458R T MORLE KNS, ZEA 10% PBAPU J5, E& K
P70PS30U10 [MRIK 3 — 5 FBEA 2.80%. %5 1, PBAPU 1ENAHZFINEFE T i
fr bR, GRS T RS, TR T G EE SRR, KA
BEANMEFATS . T3 248 IR, IIAAE G I E AR K #58 PBAT 1 5 173
SRR T PBAT KA . 3XJ& BRI IIVE R & =38 30%, {H¥ES K PBAPU
RSB IR, Hor KR K M -OH JovE Al #E: Ieab, TR RS
FRE L FZ AR AL, T 7K T LU NRIER 456« TELEVIRER Y
AR K 931 BRI A W 25 G R e b A ] SSCBR ) A, DRI B v PR IR K 2R A
SRIKPER] LLA U HE R Y R (R 3 FR

3.8 R 54
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R 7. RIAJEHE AR R T2 R e

= PisksE &/ MPa HEKE/% LTEIVAL
PBAT 13.6+0.1 354.3£+1.0 2488.7+42.0
P70PS30 9.6+0.05 21.0£1.7 37.3+0.6
P70PS30U5 10.8+0.2 89.2+16.9 356.542.1
P70PS30U10 9.4+0.2 194.542.6 1081.0+£26.9
P70PS30U5@NCO 6.85+0.0 46.7£3.6 26.0+0.5
P90PS30U10 11.6+0.1 229.346.5 1453.7+£21.8
Paks®E E/MPa
16
14
12
10
8
6
4
2
0
R =REE
(a)
BRI /%
450
400
350
300
250
200
i . l
100
% '\‘?3‘, é“;& \5"’@
<] i\ Q&Q

(b)
B 12, b ) ) AP RERE, (a)-PUikaRaE, (b)- Wi
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B 12 /& S 20 5 A PRI NE A8 BLURE 2% 75 7K FI 24 /NI 5 04T (0 B A3 Bir
1FH R EE . HIERT AT, B2HARHE K I IR i 5 s B ANBIPE A7 72 T [
. PBAT HISREEARMEUN, MKERJLFRA RN, KRS —> st
MG ARMEREL, JLPASSZKIFIEEN, SR1T0 PBAT 21 FANfEE SR SRR ALY, A
BAHK G TE5E IR 7T, BRIk R RIS T K B MEE N . 56
MEL PT0PS30 1278 )5 (1 2 AR AT sk ot B SR AT A LA B, ok
SEAE R FE T 0.6 MPa, Wi T T 15%. K2R NZE AFRIZEE D%
BUER B A BURIISEKIE, GRK ST 245G AT AR E G P BHE 1 22 M e AN SR B

KT P70PS30 T, BONFHARMAMER], BIUARIAME, K1
MANR 0 EHEBWIER, MAEESBIER . Ko Pk Gt gk,
A8 IR 25 ST () R AR AR TR, A A MRk I o B A SR 3 R BRI, Xt T
P70PS30U5 1 P70PS30U10 T &, NI PBAPU J&, JEMMURIA] LAFI PBAT HLIA
I R EE A ARG b EE A, FEN AT PBAT O —/NMEAR. FEVER/PBAT i,
IR X T2 G R RAR G IR, SEPRH SR PR, MR AR
H& ALY, XFT P70PS30US@NCO T 5, FHARKZFI58 A 122 LA P70PS30
BL, BRI, XEB PTOPS30US@NCO & RHAEAR R, FIXKIFEH-NCO
SLFIXT PBAPU (#3425 ST MUZ T AT B O ZEIME A

3.9 EEMFEMELSH

ARTLEG DL PBAT ALK Eh 8 B ye by kMR & U 1) PBAT 25 &4
Bl X A5 SHERREATIE 7T . B T R B IEk B A 38K, PBAT AAEHI/K
Y, P EES AR B AR S AR A, NI S B0 G M R 5 R Al
Pt IAER PBAPU 1ENAHZS . B85 PBAPU MMM R 1 A IHIAHES
MEf R, JF ELBE#E PBAPU &M 5%IREE] 10%, EAMETERAT 75
— BRI E. X2 HT PBAPU HH-NCO 5% Z 3k o 1-OH BT R R
TR b4k, SREBE R R KB 5 PBAT 3K BLE T e i e S s, VA 5 S HUHAL,
ML T PIBEAS G, A R THAHZS MG 08, TS B S AR ) 5 Re A
HOGE . JRIBIE E AR )RR G R, BTl 1K PBAT 250 75
AR R FE AN A B R A3 T . AL IE 13 Bk
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R PBAMKEXJZ

t

S

N

~ :
{
whe)Z PBAPU %Itz
B 13, TG W 2 T 4 s 75

H & 13 W1, PBAPU 2 RRIR7E 35 EVE R BURL R THT, SRAUBEAR NG 1 2 BEF
T, Tl A R E . 1T PBAPU BRI SUAISMZ ] PBAT 1] PBA #
BB HE AT B 45 7E —ikD . [K I PBAT FIJEH} BURi1S LUEL PBAPU B 454,
HAMEHHA IR 7 A .

4. EAPREN A=A

&/ 7 TN

(@)
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(b)
B 14. T PEMRALBEA(PIOPSI0US) HME: (a) B 4 F(b)SC H A2k 4%

K POOPS10US E AP RHR Il R AREE, 2R i 1 Bl n] B e A8 IR A v
L2 (E 14() BB 14(b)). B AR LLORAKIF Al AR, X 38
Ai5% BN RRBLE SRR PR, 7TULEF B X bR, At
B AU o 2 U S R D IR R, W A 2 B A
R, ANEH . XRROVEEE Z SRR & BN, WO AR
JEER I ek R, FFAE iR AR R

5. B4

[LX3= =1

(DA SR R B R AR A A 25, 5 mT LAAE AR R A K I 26 1F R
TR VF2 -NCO ‘H REHIK PU ek,  SSUBEARNG 2 IR B (454 o e b kL
R A HT LA -NCO SR -OH 3 [ 1) 25 1 SAUBE A G BF T O3 RS54 o

(2) 7£ PBAT FFHA 30%JEkn Ja, AR 724 P REA o LG T e, FE iR
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b, B S B ORI V% 5 PBAT 364k, FWIWE B AMZ. A 10%11)
PBAPU B425 5 5, A MBHARARGREE FTF, ARECA IR 2771 & Wi 2K 2
MR =, e T 400%; WS RV R BURL 58 24 PBAT HAR 07, MELLFE,
KW PBAPU INAJG, M EHE FHRARS G2 18 & s

(3) H—EAFRISNE =AY PBAT, WA PU FRIVE M A1 5 S 8 7 T
B, TR IRE R R R N 99. 16%, UEM] T BEARIRILISAE BRI T H &k
BHHER %

6. RBE

(DASZIE EE &K1 T PBAPU SN 0%, 5%, 10%MH =455, @it i
HRAELE RR I PBAPU I & B A BRI M & IEAR G . AR E I JE AR K I PBAPU
R INE, (EJRSEsekel T PBAPU SEBLENNR, #E—H4K% PBAPU
i, ISR &P E Gk

Q) A SEIHR T HIER TR ININEA 30%, RN Fh& & T ' &MEIR S
VESE B P . RIS 2 o U SRVE M & S Ak S i mn, DUk R4 FH e o] e 2
AR, ABSEX PN TV A i o SR8 AR mT LA e A F Ve B & B S0% 1R
BT, DMESHCHE T E 2 5%

(3)TE MBI & TR & BRIt 129%0, IBIASR RS, SEBMEIES
AL, WOBERI . Ji LS SRt 7t b 2 S5 i (0 St — 2P, IR T iR
AR AL ), AR — B fIRR I A

(4) 7 S BRI 32 2 SR RL A mT B 0 UE 4 A1 PBAT, A FRE 2 T HE s i
A5 A 5 ) e S AR 2528 1) 8L 5 T4 52 PR SR BAT B R P e e B
AT IETEREAT HERE PRI, AEATS 75 — B[] 74 BB R EURH 5% 1Y) SI2 96 Hidis S 4%
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FONEMNE L, HEEE B8k, @ Xk AT, FINRE] TR
FERERRE, AT, RS, P ORI AR BARAREIE, PRI IE & X 2L
FaEd, AN Tl 7O s iR, (S NRREMmaEsie, I
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