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Preparation and properties of modified cellulose nanocrystal/PBAT composites
MIAO Qing', WANG Zufang’, HUANG Dong’, WANG Ziqing'*, WEI Zhong®, SONG Xiaoling'
[1. School of Chemistry and Chemical Engineering, Shihezi University/Key Laboratory of Green Chemical Processes, Shihezi 832000, China;
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Abstract : To improve the mechanical and barrier properties of poly(butylene adipate-co-terephthalate) (PBAT), silane
coupling agent modified cellulose nanocrystals (MCNC) were prepared by the alcohol-water solution method, which was used as a
filler for melt blending with PBAT to obtain MCNC/PBAT composites, and the effects of MCNC content on the microstructure and
properties of the composites were investigated. It is found that the addition of MCNC can inhibit the molecular chain movement of
PBAT and decrease the crystallinity of PBAT, and the crystallinity of PBAT is reduced to 5.8% with the addition of 1 wt% MCNC.
On the other hand, MCNC can promote the crystallization of PBAT through heterogeneous nucleation, significantly increasing the
crystallization temperature of PBAT. A small amount of MCNC can be uniformly dispersed in the PBAT matrix to increase the
thermal stability of the composites, agglomeration of MCNC occurs and the thermal stability of the composites decreases with high
content of MCNC. The elongation at break of the composites increases from 446% to 502% and 478% with the addition of 0.5 wt%
MCNC and 1 wt% MCNC respectively, but the elongation at break of the MCNC/PBAT composite is lower than that of pure PBAT
with further addition of MCNC, this is mainly attributed to the fact that the rigid percolated network structure formed between
MCNC with high concentration and PBAT enhances the modulus and reduces the toughness of the composite. Compared with pure
PBAT, the O, transmission and water vapor transmission of the composite film decrease by 31.1% and 37.6% respectively, when the
mass fraction of MCNC is 1%.
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Tab.1 Thermal properties of MCNC/PBAT composites

Samples 7,°C T,/°C AH/J-g)) T/ C AH/J g X/% T,,/°C T, /°C
PBAT -29.4 121.3 12.4 45.6 12.7 10.9 3779 410.6
MCNC/PBAT-0.5% -30.8 123.7 9.7 74.6 17.0 8.5 381.7 411.8
MCNC/PBAT-1% -30.5 123.6 6.5 79.2 13.5 5.8 383.3 413.0
MCNC/PBAT-1.5% -31.5 123.0 7.0 79.1 12.1 6.2 3833 4127
MCNC/PBAT-2% -31.4 1233 9.6 78.6 13.1 8.6 378.3 411.0

Notes: 7, is glass transition temperature; 7, is melting peak temperature; AH, is melting enthalpy; T, is crystallization peak temperature; AH_ is

crystallization enthalpy; X_ is crystallinity; 7, is temperature at which 5% decomposition occurs, and 7, is the fastest rate of thermal decomposition.
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Fig.3 TG and DTG curves of MCNC/PBAT composites
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Elongation at Tensile Tensile
Samples break/% strength/ modulus/

MPa MPa

PBAT 446 21.3 52.6
MCNC/PBAT-0.5% 502 20.1 39.9
MCNC/PBAT-1% 478 18.7 42.1
MCNC/PBAT-1.5% 406 18.4 42.1
MCNC/PBAT-2% 354 17.9 46.9
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Fig. 5 SEM images of MCNC/PBAT composites

Jin, 3EB] T MCNC 5 PBAT 22 1] 5t ifi 2% [ /7 A 34
51, MCNC BYBG I 5254 A0 T T 35 S A
o, VT T RS PR N B S, 3% B 5 G b ) 1 i T
FEEN MCNC 2 48 m= f, F MCNC ik R4 51
R P BB G SN B 2, K B R RE T R 1Y
2.6 [LFEMERESHT

& 6 A AN[A MCNC &5 MCNC/PBAT & & 1%}
X5 O, FIZK Z8 I BH PR RE . IR 6 T L& BIL, 26
PBAT fiX iy OT 1 WVT 43 5%l &y 456.2 cm¥/(m?-d-
MPa)Fl1953.6 g/(m*+d). 4 MCNC A4 i 5 5 B0 in
F| 1% i}, MCNC/PBAT-1% ) OT M WVT 435
[ % 314.2 cm’/(m’+d-MPa) Fl 594.6 g/(m’-d), %% 4l
PBAT 4351 F 4 31.1% 11 37.6% , 4k S48 /it MCNC 1)
JH# , MCNC/PBAT Ry BH IR PERETF 1R T B . X2
A S B AU MCNC 7E PBAT JL4A H 14 4) 43T LUE
ISR B LS54  JE KT O, FI/K 28 S A2 A bk
HHRIB B AR s X4 MCNC Bl BT 4 =2 A R
M4, MCNC [ L1 4 o] LIB335
17, FEBH R PERE T R,

= OT 11000
= WVT

OT/[cm?(m?-d-MPa)™']
WVT/[g:(m?-d)™"]

[&l6 MCNC/PBAT & & #EHY O, FIZk ZE S PHIR M RE LA
Fig. 6 Comparison of O, and water vapor barrier properties of
MCNC/PBAT composites

3 &g

(1) FTIR 3% & 71 1 520 em™ 42b (19 28 P4 51 45 4k
B W Wi U SIE B T KHS550 A 3 #5 4% 3] CNC |,
MCNC/PBAT-0.5% Wi 24 fh & % 5 502%, bl &
MCNC & 5 (38N, 5260 Rk B 24 R T
W 32 325 I 24 45 48 (R T 1 7 A2 i B 1 1AL
[, 158 15 W 25 25 A I K T MR SRy 7 118 48
AR B T BHRRERE , (A MONC & 42 i 5 | i
(AR, SR SRS F 198 8, X B R I e = A=



108

AR

2024 4E %5 52 4 45 6 1

T FEZ 0
(2) MCNC/PBAT & & #4 LY # 1 RE 52 2 % 41

il 0 S AH 45 b AR AR ] . MCNC A DL 25 42

PBAT 1 25 & i B2, (0 #4881 52 ) 55 /D

MCNC/PBAT & £ M4 R 45 it B 52 3 W R R FH 1) 5

M, MCNC 7] PA7E PBAT AR b 75 24 i 7, 38 1ok

S AR AZ AR HE S A o [R) IRE MCNC B £ 78 23 4 il

PBAT%?‘/{L ij F&ﬂf& nEHxQ

(3)Ffi &5 MCNC/PBAT & A 44 #L H MCNC &3 il

P 0 ROV T T A A BOR BOHLRS . 7R MCNC Ji

T 43HCH 0.5% B, MCNC 1£ PBAT 4k /3 bk R

U, FUEAHZPERS 98 . 7 MCNC it 70 %08 2% i,

RIRBHNTR & A T B A B IR T AR 2

AIESEPERIR S 1

& % X

[11 GEYER R,JAMBECK J R,LAW K L. Production, use, and fate of
all plastics ever made[J]. Science Advances, 2017, 3(7). DOIL
10.1126/sciadv.1700782.

[2] XA A= m] RS SR I Sk JR 0] BRAR SR T L 2020,
32(3):60-63.

LIU Chun. Development progress of biodegradable plastics[J].
Modern Plastics Processing and Applications,2020,32(3):60—63.

[3] RBHFIE, BRASLE IR IEMS L WIREAR AL R PBAT i & S BUIR[J]. 1
L 5454145 K ,2022,51(11):22-24.

DENG Haiying, LIN Jiesheng, PAN Zhengbin. The development
status of biodegradable material PBAT[J]. Chemical Fiber &
Textile Technology,2022,51(11):22-24.

[4] TS, FIH, 2%, 4 PBAT B H K BFsT R L4k T,
2022,42(5):39-40,59.

DING Zeqiang, YUAN Bo, LI Fei, et al. Application and research
progress of PBAT[J]. Shanxi Chemical Industry, 2022, 42(5):39—
40,59.

[5] oKkAE, BT, JRIR 6, 45 W] A YR R VB Rt PBAT R P 5E
HERE[T]. TR, 2021 ,49(5):158-161.

YAN Yongxiang, HE Zhe , ZHANG Yuefei, et al. Progress of blend-
ing modification of biodegradable plastic PBAT[J]. Engineering
Plastics Application, 2021,49(5):158-161.

[6] XUJK ¥ . Az 4y Wk i L PBAT 7= b AL BAR BEAT [0]. A fL LA
2023,30(5):211-213.

LIU Zhaotao. Analysis on the industrialization status of biodegrad-
able plastic PBAT[J]. Petrochemical Industry Technology, 2023, 30
(5):211-213.

[7] NUNES E D C, SOUZA A G D, ROSA D D S. Use of a chain
extender as a dispersing agent of the CaCO, into PBAT matrix[J].
Journal of Composite Materials,2020,54(10):1 373—1 382.

[8] ZELLHH, BRI, IG5 . PLA/PBAT/PBS HR it 4 (7). 48
*4,2022,51(2):29733.

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

LI Hongjuan, DUAN Ruihai, WEN Guanghe, et al. Modified prepa-
ration of PLA/PBAT/PBS blends[J]. Plastics,2022,51(2):29-33.
AT, FT 2 FVERFEIRMIF I R K BUIR D], v = 28k,
2017,31(9):22-29.
DIAO Xiaoqian, WENG Yunxuan. Research progress and indus-
trial present status of starch based plastics[J]. China Plastics, 2017,
31(9):22-29.
LI J N, JIANG Z G, QIU Z B. Isothermal melt crystallization
kinetics study of cellulose nanocrystals nucleated biodegradable
Poly(ethylene succinate) [J]. Polymer, 2021, 227. DOI: 10.1016/j.
polymer.2021.123869.
LI J N,JIANG Z G, QIU Z B. Thermal and rheological properties
of fully biodegradable poly(ethylene succinate)/cellulose nano-
crystals composites[J]. Composites Communications, 2021, 23.
DOI:10.1016/j.c0c0.2020.100571.
VATANSEVER E, ARSLAN D, SARUL D S, et al. Development
of CNC-reinforced PBAT nanocomposites with reduced percola-
tion threshold:a comparative study on the preparation method[J].
Journal of Materials Science,2020,55(32):15 523—-15 537.
ZHANG X Z,MA P M, ZHANG Y. Structure and properties of
surface-acetylated cellulose nanocrystal/poly(butylene adipate-co-
terephthalate) composites[J]. Polymer Bulletin, 2016, 73(7):2 073—
2 085.
MORELLI C L, BELGACEM M N, BRANCIFORTI M C, et al.
Supramolecular aromatic interactions to enhance biodegradable
film properties through incorporation of functionalized cellulose
nanocrystals[J]. Composites Part A,2016,83:80-88.
SRR, TR BB A AF L BRI R UK S A R ]
S TEREREZE[]. T 5RL, 2018, 32(3):22-26.
ZHANG Jing, DING Changkun, DUAN Jingyue, et al. Prepara-
tion and properties of polylactic acid/cellulose nanocrystal
composites[J]. China Plastics,2018,32(3):22-26.
SRR, R SRR, 45 . PBAT 94 4 S S KL & it A 7
TSI P E B, 2018,32(11):42-48.
SONG Jingsi, WANG Xianzeng, ZHOU Hongfu, et al. Study on
chain extension and microcellular foaming behaviors of poly
(butyleneadipate-co-terephthlate)[J]. China Plastics, 2018, 32(11):
42-48.
ZHANG P B,LU Y D,FAN M M, et al. Modified cellulose nano-
crystals enhancement to mechanical properties and water resis-
tance of vegetable oil-based waterborne polyurethane[J]. Journal
of Applied Polymer Science, 2019, 136(47). DOI: 10.1002/
app.48228.
TRIAE GENT BRAT A L BRCPE LT AR AR K R R DT
BRI 4 (1] K5 4046 T, 2023 ,40(8):1 833—1 840.
ZHANG Xinghua, LIANG Xiaohong,ZHANG Heng, et al. Prepa-
ration of modified cellulose nanocrystalline/waterborne polyure-
thane anticorrosive coatings[J]. Fine Chemicals, 2023, 40(8):

1 833-1 840.



HIDR, %5 ICPEET AR 3R 900K /PBAT B4 bHRHI il 4 S PERE

109

[19]

[20]

[21]

[22]

[23]

[24]

GRAY D. Nanocellulose: From nature to high performance
tailored material[J]. Holzforschung, 2013, 67(3). DOI:10.1515/hf-
2013-0027.

RAHIMI S K, SHAHAB, AEINEHVAND R, KIM K, et al. Struc-
ture and biocompabibility of bioabsorbable nanocomposites of
aliphatic-aromatic copolyester and cellulose nanocrystals[J].
Biomacromolecules,2017,18(7):2 179-2 194.

TEN E, JIANG L, WOLCOTT M P. Crystallization kinetics of
poly(3-hydroxybutyrate-co-3-hydroxyvalerate)/cellulose
hiskers composites[J]. Carbohydrate Polymers, 2012, 90(1):
541-550.

MORELLI C L, BELGACEM M N, BRANCIFORTI M C, et al.

nanow-

Nanocomposites of PBAT and cellulose nanocrystals modified by
in situ polymerization and melt extrusion[J]. Polymer Engineering
and Science,2016,56(12):1 3391 348.

AR . T BT AR 174 2 1 B B IR B PBAT W58 [D].
B VLR RH R, 2022.

YAN Qian. Study on surface modification of ground calcium
carbonate and its blending with PBAT copolymer[D]. Zhenjiang:
Jiangsu University of Science and Technology,2022.

FEFEN, PR SR8, % R R RAR S AR DL S AR AR
fLEEXT 2 D16E PBAT & & IR 20 [J]. v [ 30k, 2023, 37(4):
11-16.

WANG Baochuan, CHEN Shijun, ZHANG Pingbo, et al. Effects
of particle size and surface modification of nano-ZnO on multi-
functional PBAT composite films[J]. China Plastics, 2023, 37(4):
11-16.

(E#EFE 102T]7)

[16]

[17]

(18]

SURESHA B, CHANDRAMOHAN G, SIDDARAMAIAH P, et
al. Three-body abrasive wear behaviour of carbon and glass fiber
reinforced epoxy composites[J]. Materials Science and Engineer-
ing:A,2007,443(1):285-291.

ZHANG G, SCHLARB A K. Correlation of the tribological
behaviors with the mechanical properties of poly-ether-ether-
ketones (PEEKs) with different molecular weights and their fiber
filled composites[J]. Wear,2009,266(1):337-344.

PARSAEIAN P, GHANBARZADEH A, WILSON M, et al. An

[25]

[26]

[27]

(28]

[29]

[30]

[19]

HABIBI Y, DUFRESNE A. Highly filled bionanocomposites
from functionalized polysaccharide nanocrystals[J]. Biomacromol-
ecules,2008,9(7):1 9741 980.

ZHAO J,MORGAN A B,HARRIS J D. Rheological characteriza-
tion of polystyrene — clay nanocomposites to compare the degree
of exfoliation and dispersion[J]. Polymer, 2005, 46(20): 8 541 —
8 660.

ERH, AL BG4 . PEO/BRBR S S & MRS 1Y il 45 K
PERE[T]. SRR, 2022, 50(5):58-61.

WANG Yingming, LI Qianbo, CHEN Yi, et al. Preparation and
properties of PEO/calcium sulfate whisker composite films[J].
Plastics Science and Technology,2022,50(5):58-61.
WS RT 58, K207, 55 RINIG/ I A R S B AR i 4 S
PEREBTSE[)]. SR, 2019,47(5):6-9.

YANG Xiuqin, SONG Zihao, CHEN Lanfang, et al. Study on
preparation and properties of PP/talc powder composites[J]. Plas-
tics Science and Technology,2019,47(5):6-9.

CHUN K S, HUSSEINSYAH S, OSMAN H. Mechanical and
thermal properties of coconut shell powder filled polylactic acid
biocomposites: Effects of the filler content and silane coupling
agent[J]. Journal of Polymer Research, 2012, 19(5). DOI:10.1007/
$10965-012-9859-8.

A A NAE I ARTE 5 IRR LR S e 5 526 PLA/PBAT 1
HS A% ) 4 B MERBLT. RS AIME T, 2023,40(6): 1 2531 263.
HUANG Rui, LI Xiaoquan, BIAN Fuping. Preparation and prop-
erties of functionalized nanocellulose PLA/PBAT composite films

[J]. Fine Chemicals,2023,40(6):1 253-1 263.

experimental and analytical study of the effect of water and its
tribochemistry on the tribocorrosive wear of boundary lubricated
systems with ZDDP-containing oil[J]. Wear, 2016, 358-359:
23-31.

PR, 010, B0, 46 KTl R RS W 526 M R R 42
SEWFFEHE R[] AR, 2024, 57(1):111-122, 162.

TIAN Ying, CHE Qinglun, HE Ren, et al. Tribological research
progress of polymer composites for water-lubricated bearings[J].

Materials Protection,2024,57(1):111-122,162.



