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PR #4RLRI N B EVE Ry (TPS). Zhang U I A E AN R IR T KIERy, 7EH MG & T
PIBVEE A TE Ry o« PR A RIB M AL VE R I 5 20 I R B AN i, ofr DA HG B A e e PR 7K 1 A g 2 4
e, (HIER B S BUER 70 T80 M, 0 RN, ASETE N FE . Cai S BIEFF & 7 A
PRI P IBEVE ¥y, T 5 PBAT LR MR . Tl £ 1 2 & IR I tH R ar i AR gtk se, T
SEWRIR S 7oy T EER A I B, RN KRB, Kiattichai Wadaugsor 28/l H] f2 Y R B g
¥ 5 PBAT JLiRSE s /BN E R, DLRCEWIME, (AR hnskK, 3 H540 PBAT MHECH
fHBE FEORMR B2 R B . SR S 5 PVA MR LI B AN SE R R, DA AR B M g ¥y X PBAT
EEGMEIE M SIERERIFEM . BRI, AOFFCKHRIEE N Z KRR EKER, Hagid .
CTE . MBS BRIMEES, B PVA, SR 152805 rve ks, ikt 7 et ge
BAEMBLEL, FAH XRD, FTIR /r#r&8E(EH 71, TG, DSC 7 #r H#kfE, SEM M 850N 2% 1 %
o FERTUH & P HIBYEVE Ry X PBAT 7= VEREANERAS . Rk, o4& B Ba Sy,
RIUFERKPERE A, v PBAT 7E6, % Stk (¥ 2 FH $2 416 18 I B 145

1 SER#E S
1.1 3 5
PBAT, ¥ Lidiy (B5 TH801, MAmhiE4: <8 g/10min(190°C, 2.16kg), % fE: 1.25 g/em?,
JE e 130°C); FRIEM(CS), &M, Framthsnifsk & maRAR: Hi, /ord, Kz
FRAARAF . LR, oiral, RESUEHZAAARAR: FFER, H2ival, RESHRL
THRAF; ROMEE (PVA) , Bk 1788 Y, BEfFFE 87%~89%, WARMEM LRI AR AH .
BT DZF-6020, i IREFAAGERA R A A AUSUEATF L. SIZS-10A, K
W XA AL SZS-20, EUPUAG; FEEAFIRIENL: SCM-20, s .
1.2 £ E
1.2.1 #BE B GH & B CS BT 70°CHE M T4 4h, 18 5 K 3R S I6 R UE E #2840 AL 1)
ROR, WA IEAZSEL L) Ve RE N TR AR i A 1 8 Tt 22% & Z1F 13%. F7ERIR 1% (F2 T CS
(5 2 23 30 HIBC ELAR I AR DN 25E R - GRFEIE 9 TPSD, FF HLAE I N — P 38 28 7] #4875 ZE M LA
PP R A 5], NN GE FR I 1% 3% 5%+ 7% (/& TPS & &) Bl R o mmE, JF
¥ 1E 8 PiTPS PsTPS. PsTPS. P;TPS, 588G N S48 # B 24h, 138 98577072 12 3 e A i
KEFT PVA 15 SR 5 F B A0 B 1A 3 K 30 i S 8 SRR AT 5 WL Hh ok (TS XA 5%t ML I 1 20 2% A
UL Tab.1), H&MSEIAFR AR (PTPS).
1.2.2 PBAT/PTPS & & a9 H] &« il J) =M RE ik th fe A () PVA WS INEE, F4% Tab.2 1 ELAZ) i) &%
PBAT 5 PTPS E&#KF (4 PT; hPT"IREHE G, “3” WA PTPS W& ). K PTPS Al PBAT
TN AT 55 H L COUEAT B WL T2 460F W Tab.3) kAT 5 L kL, #5745 I S0k 45 & 24 h,
FBRFRW K S, SRJEE T BRI BENL (R REHL T 2451 WL Tab.4) W, 48 F 73 RE SR ALIN R 3
HUMR M RE -

Tab.1 Micro twin-screw extruder process parameters
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Zone 1 temperature Zone 2 temperature Zone 3 temperature Feed speed /r-min’ Main engi.ne_lspeed
/°C /°C /°C /r'min
160 165 170 35 30
Tab. 2 Mixing ratio of PBAT with thermoplastic starch
Thermoplastic
1 PBAT(wt% Total
Sample (wt%o) starch(wt%) o
PBAT 100 100
PT; 97 3 100
PTs 94 6 100
PTy 91 9 100
PT12 88 12 100
Tab.3 Twin screw extruder process parameters
Z 1 H
one Zone 2 Zone 3 Zone 4 ead Feed speed Main engine
temperature o o o temperature S .
soC temperature /°C  temperature /°C  temperature /°C JoC /r-min speed /r-min
140 150 155 160 160 60 50
Tab. 4 Process parameters of blown film machine
Barrel zone 1 Barrel zone 2 Barrel zone 3 Temperature Temperature Host Traction
temperature /°C  temperature /°C  temperature /°C  of Mold Zone of Mold Zone speed speed
1/°C 2/°C /r*min’! /r*min’!
170 175 160 145 145 500 450

1.3 WK E5RIE

1.3.1 X H&FTH 47 A X SHRATHIX (XRD, %5 D8 advance, 7 [EAGE70) X H MK
HHATEE M 8T, S HE: 40 KV, EHE: 100 mA, Cu. Ka 54 (0= 0.15418 A), FAHEVEHE: 10°-80°,
1.3.2 A4 2ot T #9038 A7 . B AME L AR 2T /% 4 (315 INVENIO R, fEE A& 5D Xf
FELEEAT ATR-FTIR 4341, IR% 5 FN 500~4000 e, 2 #F%F N 0.4 em, FA35 K EL 32 WK
1.3.3 BEREF M KM ESLT Sigma 300 i EL (SEM) SEAFERE ST RS0 %2 .
WA R SRR b, ZE# TR &, WHiKHEEN 15 kV.

1.3.4 ARAR R F MR RABRREE R (B MFI-2322S, AEREZERBHARAFD IR
ANEFC J5 FE S SR IR s R, kPR R AT N 2.16 kg, WIRIRE N 190 °C, EKNEl 3~5 ¢, #&
SEBTPI A4 10 sk, VIRIRES B AN 5, AR S BRI, JFARHE S0 (D THE SR iRt sh ik
% (MFR, .47 g/10 min)

(l ):& (1)

Roft: ONSRIRIE, MO °Cs NSURRR, A kgs mONBURER RO, AT g
t A VTEURERS (8] (8] &, B4 s
1.3.5 A5 h el aX . B EERE GB/T 1040.1-2006 H| brdERE %, i A et BHRIEHL (B 5
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ETM104B, RINTIREE & A RAFD HATRAPERR M. B X 2D WE 8 Ik, B EH
YR 5 R, il PME. WIEMRLEER: 50 mm, FfHH%: 500 mm/min.

1.3.6 &4 KRR (TG, #5 Q600, E[EH TA-SDT ) X AFEFE AT HE M.
&M ZAAM (25 mL/min), LA 10 °C/min Ji#G#E 2 M 25 °C~ 600 °C,

1.3.7 274282 R0 WA [FHEEAE & A Z R i s A (DSC, A5 Q2500, £ TA) it
TS HU5-10 mg FEah, B TGS INsE JE& B . £ N A5, 2684 10 °C/min FHER # %
M 25 °CTHE A 200 °C, {#iR 5 min, FLL 10 °C/min PR3 K (15 #1-40 °C, &5 FTHE 2 200 °C.
BEs R XcRow, #%a (2) 1HE

= =% 100% )
Ao N PBAT HIMERENKS, 367 J/g: O 5 PBAT 100 %45 & I (O br e FE RS, O~ 114 J/g;:

k AFE S PBAT 15 & 2 # .

1.3.8 & F X il AN 6 (LS UV-6100S, LilE e #s A R /A ) 7£ 190-1100 nm
0L ] A0 A (] A 8 A i R IR A AT IO

1.3.9 & fk AWK AR (A5 OCA 25, FE[E BAEFITE), 2 K TE M RL R T 1) A B fk
A, BEABN 4 BKEVEERE SR, RAMMT 20, BhiAACE SRR E, AR
aill R 3 K.

2 R 50w

2.1 FEAIBHE B HERE

211 ¥ REFEE: SURHM. 8., WERSE, Z0EELEER 2B Y]
WIAGET, eI EA SR, N TG e 5 PBAT 3R JE A RPN TrERE, S5 ek
MFR (/R B 2, MFR {85, REMEFREIERLG, 5 MAMT, FEWAETEZ0H,
PRt F MFR EAE N R 2R Fe b, R3PS 500 5 &0 % A I 52 MFR B o [R] 0 e 280 35 H i
TR 2%, OTTEEE 12%, IERIRE R 1% MENIEAS S K3 A

Tab. 5 Single-factor experimental results of glycerol content

Number Starch Glycerol  Citric acid  Ethylene Melt flow Toughness/ Figure
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glycol rate brittleness

1 69 18 1 12 4.46+0.08 Brittleness
2 67 20 5.46+0.07 Brittleness,
toughness

3 65 22 6.33+0.26 Toughness,

tenacity

4 63 24 6.07+0.13 Toughness,
insoluble

matter(few)

5 61 26 5.09+0.21 Toughness,
insoluble

matter(few)

Tab. 6 Single-factor experimental results of ethylene glycol content

Citric Ethylene Melt flow Toughness/
Number Starch Glycerol

acid glycol rate brittleness

1 71 22 1 6 3.71+0.06 Brittleness

2 69 8 3.99+0.14 Brittleness,
toughness

3 67 10 4.68+0.09 Brittleness,
toughness

4 65 12 6.33+0.26 Toughness,

tenacity
5 63 14 5.55+0.21 Toughness,
insoluble
matter(many
)

Tab. 7 Single-factor experimental results of citric acid content

Number Starch Glycerol Citric Ethylene Melt flow Toughness/ Figure
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acid glycol rate brittleness

1 65 22 1 12 6.33+0.26 Toughness,
tenacity

2 64 2 6.13+0.14 Brittleness,

toughness

3 63 3 5.79+0.11 Toughness,

insoluble matter
(many)
4 62 4 5.02+0.05 Toughness,
insoluble matter
(many), break
5 61 5 4.55+0.13 Toughness,

insoluble matter

(many), break

2.1.2 ERER: G EMIGEAEERNERE R, DARSRE IR RGBSR AL . S0 IEA S
36 %% D AT R MR B IR O B (L ZRESED >A (HliE 8 >C rER &), RE4HE
N AxB3Cao BT ZHTAIAI B A& P<0.05, Ui &R AA R E MR . i £ 38 95
BC o 22%, 4 BF 13%, AFERIR 1%, WA T AL TR R TPS, HHAE J5 B2 B PR e
K RAL P 5 R AR X e 2) B XRD 25648 . FTIR S50 5S, HUBGREE . T30 K AW e s
P BE S A F AR S

Tab. 8 Orthogonal experimental factor level

Level A(Glycerol content /%) B(Ethylene glycol content /%) C(Citric acid content /%)
1 21 11 0.5
2 22 12 1.0
3 23 13 1.5

Tab. 9 Orthogonal experiment results

Number  A(Glycerol content /%) B(Ethylene glycol C(Citric acid content /%) Tensile
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content /%) strength /MPa

1 21 11 0.5 2.165
2 21 12 1.0 2.242
3 21 13 1.5 2.423
4 22 11 1.0 2.609
5 22 12 1.5 2.217
6 22 13 0.5 2.539
7 23 11 1.5 2.166
8 23 12 0.5 2.015
9 23 13 1.0 2.477
K1 6.830 6.940 6.719
K2 7.365 6.474 7.328
K3 6.658 7.439 6.806

R 0.535 0.965 0.522
SSj 0.091 0.155 0.072

Tab. 10 Analysis of variance table

Source of difference SS df MS F P-value Significance
B 0.15526 2 0.07763 26.32199 0.03660 *
C 0.07233 2 0.03616 12.26141 0.07541
A 0.09063 2 0.04531 15.36426 0.06111
Error 0.00590 2 0.00295

SS: sum of squares; df: sum of squares; MS: mean square; F: F-test statistic; P-value: factor significance, 0.01<<

P-value<0.05 means significant effect of factor on response

2.2 IR RAE

2.2.1 XRD % #7: M Fig.1(a)a] LB, 5 RARH CS AL, HRHM. 2 8. 8RR EH g
TG B VE R AR G5 R R AR TR K8 . ARG CS 78 XRD B b B 96T A RS 4R 45 K9 1 R AiE
(15.5°, 17.4°A123.4°), WMifE TPS 1, W ELH| 13.8°. 19.3°F1 21. 1°MfAbf V Rk, Vv ALK i
HEE MRS R BA H I AR A, DA g e 1 2P s 45 T g1 R 00T, X i BH 3 S8 /N 4 3 N VE R
RORE,  BRARUE K0 73 1 18] A 731 N U8 AH AR 0, B VE R I 45 Pl . BRI, RAR CS 1 A AL
REE R WA BEIR . Fig.1(b)#E PVA fI1 PTPS () XRD K, 5 TPS 25M0l, fEILIRMH R ME ) A B 5%
gy, BARIR V BLGAL K . PVA IR S5 MR AEIELE 11.5 °0 19.7°ff &b, (RAESLIRP I it A
SERI IR AR M EZ R PVA IFRAEIE, XK PVA 7E IR R ARSI B, T2 5 0 k0 T i 3t i
SER, JERYBER PVA JERCHT IR 45 S AR, @ Tab.11 A7 %0, TPS Ml PTPS (145 5 #4178 T K 4R CS,
TSRS R e Ry, R WITE R BRI L -
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Fig. 1 X-ray diffraction before and after plasticization of starch: (a) starch and thermoplastic starch; (b)

thermoplastic starch with different PVA additions

Tab. 11 Relative crystallinity of different samples

Sample Relative crystallinity (%)
CS 27.59
TPS 9.25
PiTPS 9.63
P3TPS 12.83
PsTPS 10.30
P;TPS 11.07
PVA 34.59

2.2.2 FTIR % #7: Fig.2(a)5(b)¥J4 CS, TPS A PTPS 1] FTIR Kl . 7& CS ¥4k~ TPS. PTPS [
AR, BN RIS S TR A T2 BE BORT IR S SR ) 55 UE AR 7 T N AR B R R S 5| R Y AR
HAER 7, T FTIR &4 84 + B S8 A H J158 55 1 & 777 AT A1, 3000 em™! ~3500 cm™! Ak
(1 5 W U 0 -OH IR 4 HR 505 2800 cm ! ~3000 cm ! A W i I& 5 C-H B AE IR 3047 5% 1640 cm!
B N H-O fE5 f PR 30045 1060 cm ™' ~1180 cm' A1 990 cm'~1050 em! &b W% Wi 43 1) & CS C-O-H
FPH C-O BRI K A BE A C-0-C ZERI1 C-O B4R IR 3 o B 4= B ) 1600 cm™! AT 1660 cm™!
REAIE U 7 Sl A2 25 45 7K 1 St B RSO R B AR, 205 B6 1 -C-H 021, 1731 et b Bl A Ak A2 T 25 ) i
AERZN, RO AFTRRAE CS IG5y, EF H BB ER S T ERE ((COOH) &
KA MK ST BRBR BT, T BT BRI PT S5 0E 80 70 - b 1J-OH K AEBRAL OB, ik i ad it 4 2% 5 =0k
FREER /N o T B fEJER 70 F4E -, 24 PVA IIAJG PVA R IR STk MR E R a s, Mt —
IG5 UE R 4y T N R AR SR AR . BEINA R T R 00 AU, i R Y s RATL BE 4
Fig.3(a, b)i7r. @ —2MWE-OH 1 %5 Wi vl LUK L, 5 TPS, PTPS AHEL CS B4Rz M 3367
em ! Z3 I BEAK A 3344 cm ! 1 3342 em !, BEIEHEHE R4, d#IT Fig.2(c, d, o)A 1F A A B A R
L 55 3 PRERFEUY, FEVER PARAE B 2 2 T DR AU, aX 3 PR AR 1 W D AR AE AL S 24 S B
NS, RBIVER T R4 - N EH PR Ak | RS 0 S 1 R O R B R IR, LS S SR /N gy
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TRRERERERE, MABNR. R EAERERE 998 cm ! A1 1030 cm™! B3 H B, 1M
ANJE CS 1010 em! F LIS, UESE 1€KDY ) C-O-H = Rt 7K 7 40 W5 30 _E 1) 805 39 585770 /N 73 5 J) 1k
f 737~ 1) RH EL A FH A0 SE A E O S B0

( BTPS yag9 b
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Fig. 2 FT-IR spectra of plasticized and unplasticized starch: (a) infrared map of starch and thermoplastic starch;
(b) partial enlarged view of starch and thermoplastic starch; (c¢) CS hydroxyl region fitting; (d) TPS hydroxyl region

fitting; (e) PsTPS hydroxyl region fitting

Tab. 12 Summary of fitted peak areas

Strong regional area Medium regional area Weak regional area (3500~3700
Sample
(3100~3300 cm™») (3300~3500 cm™) cm')
CS 63.03 91.94 79.36
TPS 58.28 89.17 69.62

PsTPS 56.84 87.58 69.28
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Fig.3 Diagram of the reaction mechanism: (a) esterification of citric acid with starch; (b) reaction between starch

and PVA to form hydrogen bonds

223 A FHRes A CS 5B, PVANMIRE G, T HAdHHILAMBEITIRIEN, &AL
R, PR R . 0 Fig.4 Brow, hifiisR A PVA & BRI N, PVA #INE 1%
Wr 2K R e, HARRINEY S0 R % . P TPS. PsTPS. PsTPS. P,TPS I {H 5 & A %% T
TPS 73 2T T 13.84%. 15.81%. 32.38%. 44.72%. XJ&&—J5H HT PVA 5 CS 4 FH IR
BT AR, 8 TPS B AT Wl BB VEM [E I 42 T TPS MR SR, 55— J7 1 & K A =3 2 18] BT 1Al
BYEARAEIER 5 PVA TR I 45 i AH, XA A XRD ' PVA ff (5 AE W6 78 B WL 42 5], i 3 Tab.11
B PVA NGS5t T TPS, [FIE PVA 7EVEM B4R R o3 A 5 5), SR ft R iF i) A ARk, o
PRI A, XM ENTE T Jy %R E e 5. R PVA MM SETE T AR 3, Hid &7
A RESfH AT R AR NG, M L IR A K R BRI . PVA IR IR 3%JF 46 BT R R, IF HLEEE & &
kil %, MathtBoREE ., P/TPS F IR AR5 K 21.76%, XAl HE T PVA & &id £ flid i
I 2R TR AR Y 1) A SR 2 BRI i, BELAS PRI S W 2 I i 42, ik Tf S 8000 PR Re N R

Sl T8 6 4100
si(a ----P,TPS b ] Stresses
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Fig. 4 Diagram of mechanical properties of PTPS: (a) stress-strain curve of PTPS; (b) error bar chart of PTPS
mechanical properties
2.2.4 M55 W Fig.5 FRox CS Wk DL ks s i T 2840 r TPS A1 PTPS B W TE
S, % B FH 3G 50 LA SN N PVA J5 FF R A7 A2 B2 (Ve K OREL, 3X a3k — A5 IE B 184 98 70 2E ¢ th L
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TRERS AT OB TE R - WIHIIMA D> & PVA I, R D VERE T RIS ST 454, L A AN 78 20
FIIAIE R PVA JE W7 B, RIEAAEM AT, HIFRWE S PVA BURL, B PVA fE 3R
TR A BON S, JFE RIFI A AN, X5 2 ERERISETH45 AN — 2. 1 Fig.6 T &3]
TPS, PTPS [, PVA 4775 505 V€0 L 5 1R b R e ik, 3 Ao AL ) 328 A 32 A 3
.

2 um

Fig. 5 SEM images of CS and PTPS: (a) CS; (b) TPS; (c¢) PiTPS; (d) PsTPS; (e) PsTPS; (f) P, TPS

Fig. 6 Plasticized starch granules: (a) without PVA plasticized particles; (b) containing PVA plasticized particles

2.2.5 A 5 H7: Fig.7 o PTPS 45 54 ilw A K BlieL 2 4> 7N 87.59 °C. 143.90 °C, iX 5 PBAT
M TR M ZEA K, WEESIERIE. B Fig.8@)m 1, KR CS 7E =R T 100 °Cyu F ¥ & 24k
56 KINZE K, T Fig.8(b~) ARG TEM I FMEAT v, 7T LUK ILAE 260~360 °Ct [ 35 4 e # 43 fifd it
R RE B, (ERLH BN BB TR, R CS G5 44 T KB IR BT R R A, I L R B AR SRR
FERAWKRBL, e C—C 8, SR IER TRE 7, RERBBUH HoO. CO2 %% 1E 30~260 °Ci [
PEREAE K> DL RCH M O W FTRERR S IG BE NG T AR s AE 360~600 °CYE FEIFRBK 32 B A 7873
R, HeAb MR, HEMIRECH HoOL CO.y COUOl, 55 CS A ELEBAL 5 (I TE M W46 0 IR E (Tosw)
BRI I, X155 T AL S VR WG o TR R B B, AR T TR IR . SR
ISR B K R B R L Tsoos IR E 43 BIBEAK T 9.31 °C. 15.17 °C, {HEEHE PVA R3S % Kk 2k H R
Tso0 PR B L AE SR BB T, IX Ui WA 76 58 i i 2 N PVA I G {75 TPS RULH Em i daEtk, HR
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S SE N A
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Fig. 7 DSC curves for PTPS: (a) crystallization curves of PTPS; (b) fusion curves of PTPS
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Fig. 8 TG curve of PTPS:(a) CS; (b) TPS; (c) PiTPS; (d) PsTPS; (e) PsTPS; (f) P,TPS
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Fig. 9 Contact angle of PTPS: (a) TPS; (b) P, TPS; (c¢) P;TPS; (d) PsTPS; (e) P/ TPS
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Fig. 10 Melt flow rate of PBAT and PBAT/PTPS
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Fig. 11 Mechanical properties of PBAT/PTPS with different contents: (a) stress-strain curve of composite film; (b)

error bar chart of composite film
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Fig. 12 DSC curves of PBAT/PTPS composite membranes with different contents: (a) crystallization curves of

PBAT/PTPS composite membranes; (b) melt curves of PBAT/PTPS composite membranes
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Tab. 13 DSC data of PBAT/thermoplastic starch composite film

Sample Tc/°C Hc/(J/g) Tm/°C Hm/(J/g) Xc/%
PBAT 102.50 14.44 132.83 16.38 14.37
PT; 104.25 14.89 131.03 17.21 15.56
PTs 104.11 15.74 131.57 17.77 16.58
PTy 103.57 13.94 132.48 16.35 15.76
PTi2 103.34 13.17 131.77 15.44 15.39

2.3.4 WAL Fig.13(a)y PBAT R OMESR, AT DO %E 31 3% 1 70 B B0k H O ~F 52, PTs
55 PTe Ff & 310 1T ULVE M ORI 35 21 43 BT PBAT 24k, H'5 PBAT % RUF, JCWI & AH 2 & F ]
Bo XRS5 HUS BB NS, R IEE R BRI, WAL & T BT A
A, AERAR IR G R TR TE SR AL A ik i, XX T PTs, PTe 1 VERRIRFHIZE R . W
8¢ PTo, PTio 4#VEMEVER & Bt — D nes, 200 B0 2 (M ve b ok 1 28, R Rk, H
053 DX 3T L TR 5 T 45 5 55910 3 B URL B 7, T UK e o« X B 3 BOMPRL N R ) R b
(3N, Ffed fESE R S WA, X5 PTo5 PTi J12E B8 B3 T BRAHXT A .

(c)
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Fig. 13 SEM images of PBAT/PTPS: (a) PBAT; (b) PT3; (c) PTe; (d) PTo;(e) PTi2
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PBAT JE R &8 22, b 7 R ER i F2 4k, 53— 7 Ve R MUK 5 PBAT JERUAH FH1H, £ SEM H
SRER MY ORI RE S50, X FORDRE BE 22 ik — B OR M BHE B KRR DT, B e 2 B b 51
UUKE i FEE 0 5] o8 525 B 110 42 flt A 185 DK o R 50 1 2 F8 VBT s AT AR R T3 96 e 5 1 e /IR A 1
HH Fig.15 B, BEERBIEER SR, BEENERMEM BN ES, i — P RE
MF KRR, MR INEN 6 %I, HIRHAEN 35.1°, Mal PBAT iRl M N 44.8°, X BH K
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Fig. 14 Contact angle of PBAT/PTPS: (a) PBAT; (b) PT3; (¢) PTs;(d) PTo; (e) PT12
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Fig.15 Roll angle of PBAT/PTPS: (a) PBAT; (b) PT3; (c) PTs; (d) PTo; (e) PT12
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Fig. 16 Transmittance curves of PBAT/PTPS composite films
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Structure and Properties of Polyvinyl Alcohol-Modified Thermoplastic
Starch and Polybutylene Adipate/terephthalate Composite Films
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ABSTRACT: Polybutylene adipate/terephthalate (PBAT) is a biodegradable plastic with excellent
film-forming and processing properties. However, its poor mechanical performance and high cost limit its
application in packaging. In this study, thermoplastic starch (PTPS) was first prepared by melt extrusion
using a composite plasticizer, polyvinyl alcohol (PVA), and starch, and then blended with PBAT to
produce PBAT/PTPS composite films via blow molding. The structure of the plasticized starch and the
properties of the composite films were analyzed through FT-IR, XRD, and DSC. The results indicate that
the composite plasticizer forms more stable hydrogen bonds with starch, resulting in a tensile strength of
2.59 MPa and an elongation at break of 76.67%. After adding 5% PVA, the tensile strength of PTPS is
increased significantly by 32.43% compared to thermoplastic starch without PVA, while the elongation at
break is slightly decreased by 7.96%. When the PTPS mass fraction is 6%, the tensile strength and
elongation at break of the composite film are increased by 5.45% and 21.82%, respectively, compared to
pure PBAT film, with a 2.21% increase in crystallinity. The water contact angle is decreased by 21.65%,
and UV blocking at 400 nm drops by 40.32%. Research demonstrates that incorporating PTPS not only
enhances the mechanical properties and crystallinity of PBAT while significantly reducing the water
contact angle, but also lowers the production cost of PBAT.

Keywords: polybutylene adipate/terephthalate; thermoplastic starch; plasticizer; polyvinyl alcohol



