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Abstract: Cellulose nanofibers (CNF)-polypropylene glycol (PPG) nanoparticles were prepared via PPG
coat coating CNF functionalized with y-aminopropyltriethoxysilane (KH550), and used as fillers to
polylactic acid (PLA)/poly(butylene adipate-co-terephthalate) (PBAT) polymer matrix for synthesis of
PLA/PBAT/CNF-PPG composite films via solution casting method. The composite films obtained were
then characterized by FTIR, XPS, SEM, DSC and TG, followed by investigation on the effects of mass ratio
of PLA to PBAT and content of CNF-PPG nanoparticles on the mechanical strength, thermal stability and
barrier properties of the films. The results showed that the PLA/PBAT film displayed enhanced toughness
and thermal stability in comparison to the pure PLA film. Under the conditions of m(PLA) : m(PBAT)=
90 : 10, addition amount (based on the mass of PLA and PBAT, the same below) of CNF-PPG nanoparticles
of 10%, the tensile strength and elongation at break of the prepared composite film PLA/PBAT/CNF-
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PPG(90/10/10) reached (33.38+0.64) MPa and 39.97%=+0.67%, respectively. Moreover, compared with those
of pure PLA, the final degradation temperature of the composite film was increased from 394 °C to 435 °C,

the water vapor and oxygen permeability coefficients were 4.98x107'* g-cm/(cm”'s-Pa) and 8.86x107"*

cm’-cm/(cm’+s-Pa), which were reduced by 33.6% and 23.5%, respectively.

Key words: polylactic acid; poly(butylene adipate-co-terephthalate); cellulose nanofibers; polypropylene

glycol; composite films; functional materials
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m(PLA) : m(PBAT)Zr 5120 : 100 : 0(a). 95 :5(b). 90 : 10(c ).
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Fig. 6 SEM images of PLA/PBAT films with different
mass ratios (a~d), PLA/PBAT/CNF (e), PLA/PBAT/
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mEk 2 frn. AILIEH, RidE PBAT & mAydghn,
AW R R 2 R RS N PLA 119(38.34+
1.83) MPa [431] PLA/PBAT(85/15)11(24.81+0.49) MPa,
W R 7.19%20.25%38 1151 29.91%+0.38% . 1%
SR, PBAT HARUFAAERYE, RENSHE T
M. {5 PBAT fil PLA JEARMIZA MR 2, #ER J11E
T PBAT & EIN L IER, Bk, R s i
FF% . PLA/PBAT/CNF & & B4 KA CNF )

PLA/PBAT(90/10)# EEH7 s FEHE 7 8.26%, (HHH T
CNF [ B551EH], 76 PLA/PBAT ik 255 & - 5
£, TSI, L, 5 PLA/PBAT JHE AR A K54
PR A A . CNF 28 KH550 2ebEs, Hsi
KRS B4 TE, BRAE 7E SR TP 3y 5 Ek, fRAE
PLA/PBAT/CNF-KH550 & & 1 5 7 24 ff K R 4%
PLA/PBAT/CNF & & iA1= 19.91%. BLobh, W&
fiiH CNF-PPG @S HY34 /N, PLA/PBAT/CNF-PPG
A TR 2K R, 2§ CNF-PPG RN 10%
B, AR f e 551 (33.38+0.64) MPa, Wiz
RN 39.97%+0.67%, 4T PLA/PBAT(90/10)
W, IR T 12.13%F1 119.49%, X FEEGET
CNF-PPG 1E M3k}, 7Eiilir 5 “HIZsHom” fE
H, PPG 1E M54 %0k T PLA Fl1 PBAT [8]f)
S A A, (EP A A A B %, L,
JIES 4 DRI SR Ao R A B Rk 3% , 17 CNF AR R sipt ),
£ PPG M7 T35 M/ H0E PLA/PBAT {4754
HOARTH T R RIARRE . ORI R LA H At A
R aE R —5Y,

# 2 A[ itk PLA/PBAT .PLA/PBAT/CNF . PLA/PBAT/
CNF-KH550, PLA/PBAT/CNF-PPG & 4 5 A AL
e

Table 2 Mechanical properties of PLA/PBAT films with

different mass ratios and PLA/PBAT/CNF, PLA/
PBAT/CNF-KH550 and PLA/PBAT/CNF-PPG
composite films

FAPSREE/ WA/ SR/

HIRFE MPa % GPa
PLA 38.34+1.83  7.19+0.25 5.97+0.28
PLA/PBAT(95/5) 33.14+1.61 12.28+0.37 4.57+0.49
PLA/PBAT(90/10) 29.77+1.24 18.21+£0.54 3.89+0.11
PLA/PBAT(85/15) 24.81+0.49 29.91£0.38 4.23+0.56

PLA/PBAT/CNF (90/10/10) 32.23+0.88 17.28+0.21 4.36+0.42

PLA/PBAT/CNF-KHS550 31.16x1.54 20.72+0.77 4.45+0.83

(90/10/10)

PLA/PBAT/CNF-PPG
(90/10/2)

PLA/PBAT/CNF-PPG
(90/10/5)

PLA/PBAT/CNF-PPG
(90/10/10)

31.36+0.92 22.27+0.45 5.88+1.36

34.71£1.38 28.31+0.34 5.78+1.13

33.38+0.64 39.97+0.67 5.11+0.39
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Fig. 9 DSC curves of PLA/PBAT films with different mass
ratios (a) as well as PLA/PBAT/CNF, PLA/PBAT/
CNF-KH550 and PLA/PBAT/CNF-PPG composite
films (b)

AN, PLA B T.. b 131.23 °C; 1€ PLA/PBAT
B A PBAT MIMA 45 Sl R T 29 20 °C,
I H MR X, W% PBAT &y, X
JE= R PBAT AJ4EH PLA ARt iy itz s, i
SR IAGE RE b & A 25 VO AN Bt % CNE-
PPG 7E R & W5k b H & 93 i, PLA/PBAT/CNF-
PPG B AL 4s AW i, JF B4 iR
BWTREAS, BN R 75.65 °C, iX F 2 R gl oK dH
B RAZ SN, SN T PLA/PBAT &4 wills (45
mnid 2, PLA AR MNRERITFH o dfiARHE 28 iw
FEHILFR afbikE,

[ 10 & PLA/PBAT & &l TG 1 DTG
o FAE T AR DR ( Towe ). BK
IHRIRTE ((Toax ) v WAIMRIETE ( Tena o

ME 10 iTRLAE H, AFEFE . PLA/PBAT %
1) Tonsee WA B RAR L, (H)E Tog BE%&E PBAT 7
PLA/PBAT FEPRH F A ARWr =, M 394 °CHENE]
459 °C, XFH RN PBAT 4B EK, IFEHITE
FIRGERCY, R, HAAOMRIRE H PLA &, K e
A PLA &R, gedfng iy iae bk, sob, s
CNF #J5| A, PLA/PBAT/CNF & &I Tonse M 330
°CFRER 223 °C, BMABMER CNF VR e M2,
FEE T 200 °Cli, SEOHMA AR AR
JinA CNE-PPG Ji, PLA/PBAT/CNF-PPG(90/10/10)%
BN Tonse M 254 °C, AT PLA/PBAT/CNF #2
131 °Co Mk, PRI Tua 35T 400 °C,
54l PLA M, PLA/PBAT/CNE-PPG E &M Tog
M 394 °CHEEE] 435 °C, X ATRESEK A PPG X} CNF
PR BRI ZER, (F CNF #iE R 23Tt
AT REAVR T Jhak B X LR A R

% 3 RFEEH I PLA/PBAT #ii . PLA/PBAT/CNF. PLA/PBAT/CNF-KH550 il PLA/PBAT/CNF-PPG & & i DSC

it e X 1 19 2 8
Table 3 Values corresponding to the DSC curves of PLA/PBAT films with different mass ratios, PLA/PBAT/CNF,
PLA/PBAT/CNF-KH550 and PLA/PBAT/CNF-PPG composite films

AR T,/°C T../°C T/°C AH../(J/g) AHL/(J/g) Xo/%
PLA 61.82 131.23 161.21 27.15 28.11 1.03
PLA/PBAT(95/5) 61.87 117.18 160.09 28.78 30.90 2.40
PLA/PBAT(90/10) 62.33 111.80 159.08 32.37 35.63 3.89
PLA/PBAT(85/15) 62.34 110.23 158.06 36.30 40.57 5.40
PLA/PBAT/CNF(90/10/10) 62.68 110.58 158.01 36.52 41.16 6.10
PLA/PBAT/CNF-KH550(90/10/10) 62.49 111.12 157.80 37.44 41.85 5.79
PLA/PBAT/CNF-PPG(90/10/2) — 75.67 158.32 21.03 31.37 12.60
PLA/PBAT/CNF-PPG(90/10/5) — 75.71 156.93 16.49 30.28 17.30
PLA/PBAT/CNF-PPG(90/10/10) — 75.65 157.12 14.73 33.40 24.54

T =" AERTEIRIRRE G R N A IS B B AL e i
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Fig. 10 TG curves (a) and DTG curves (b) of PLA/PBAT films with different mass ratios; TG curves (c¢) and DTG curves (d)
of PLA/PBAT/CNF, PLA/PBAT/CNF-KHS550 and PLA/PBAT/CNF-PPG composite films

# 4 R[EJFiix . PLA/PBAT €. PLA/PBAT/CNF,

PLA/PBAT/CNF-KH550, PLA/PBAT/CNF-PPG &
AW TG 1 DTG M2k T B 1) 241
Table 4 Values corresponding to the TG and DTG curves
of PLA/PBAT films with different mass ratios,
PLA/PBAT/CNF, PLA/PBAT/CNF-KH550, PLA/
PBAT/CNF-PPG composite films

TR Tonse!°C Tnax/°C Tend/°C
PLA 331 368 394
PLA/PBAT(95/5) 330 367 432
PLA/PBAT(90/10) 330 365 440
PLA/PBAT(85/15) 330 366 459
PLA/PBAT/CNF(90/10/10) 223 307 438
PLA/PBAT/CNF-KH550(90/10/10) 176 304 436
PLA/PBAT/CNF-PPG(90/10/2) 246 298 436
PLA/PBAT/CNF-PPG(90/10/5) 245 296 435
PLA/PBAT/CNF-PPG(90/10/10) 254 302 435
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Fig. 11
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Fig. 12 Water vapor and oxygen permeability coefficients

of PLA/PBAT films with different mass ratios (a)

and PLA/PBAT/CNF, PLA/PBAT/CNF-KHS550,
PLA/PBAT/CNF-PPG composite films (b)
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