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Effects of bamboo fiber species on properties of polylactic acid based bamboo plastic composites
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Abstract : In order to make high-valued use of the bamboo processing waste, four kinds of bamboo filler/polylactic acid
(PLA) composites were manufactured by melt blending method with PLA as matrix, bamboo flour (BF), bamboo scarps (BS),
bamboo nature fiber (BN) and bamboo pulp fiber (BP) as fillers, the effects of fiber morphology on the structure and properties of
the composites were studied. The results show that BP and BN show a higher length-diameter ratio, and most of the BS are particle
shape, the texture of BF and BS are more rigid. The blends of the BF and BN composited with PLA show a higher torque, the water
absorption rate of PLA/BP composites are highest compared with other composites. BF, BS, and BN are well interfacial combined
with PLA matrix and the mechanical properties of the composites are improved by the addition of the three kinds of bamboo fibers,
while the addition of BP reduced the mechanical properties of the composites. Compared to the pure PLA materials, the tensile
strength of PLA/BF,PLA/BS, and PLA/BN composites are increased by 17.85%, 13.6% and 11.89% with 30% content of bamboo
fillers, the impact strength are increased by 24.33%, 18.70% and 35.57%, and the bending strength are increased by 19.45%,21.45%
and 4.99% respectively. The comprehensive mechanical properties of PLA/BF composites are the best, which are followed by PLA/
BS composites, and the PLA/BP composites are the worst. This study can provide useful reference for the development and applica-
tion of plastic-bamboo composites.
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Fig. 1 SEM images of different bamboo fiber species
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Fig.2 Mechanical properties of PLA/different bamboo fiber composites
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Balancing torque/

Composite species Balancing temperature/°C

(N-m)

PLA/BF 25.6+0.3 183.1+0.4
PLA/BP 17.6+0.9 179+0.3
PLA/BS 17+0.6 178.3+0.2
PLA/BN 25.8+0.4 182.5+0.2
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Fig. 4 Water absorption properties of PLA/different bamboo fiber

composites
3 &g

(1) BP 5 BN £F4E M55 41, BS kPR 2
BF 5 BS 41 4k i b A5 It

(2) BF, BS, BN ixX 3 fi] BT £F 4t 55 PLA FLA /)
FHARA YRS , SIS 1T PLA G AR )
SR . 5 PLA M EG, R R E o Bl e T

17.85%,13.6%, 11.89%, il 5ii 70 31l $42 155 24.33%,

18.70%, 35.57%, %5 il 3% & 3 S $2 5 19.45%,

21.45%,4.99%. BPUIIFEAR TS S HBHK 124k

BE. BF RIS 52 45 B LR A 56 88 i 8 38R e

BN T 4E 78 A 526 b 6k o i B8 503 ROR B

BS I A5 ROk il 5 B S ORI, PLA/

BF 5 BHNEZR G 1 PERERR AL .

(3) PLA/BF, PLA/BN & £ 1A 72 IR M fin T 416

HR. PLA/BPE G FRHE KR IR, A .

5 % 3

[1] DURMAZ S,KELES O O,ARAS U, et al. The effect of zinc oxide
nanoparticles on the weathering performance of wood-plastic
composites[J]. Coloration Technology, 2023, 139(4):430-440.

[2] KB, PNENS, AT U, 45 AR SO HDPE S A9 52 4 bF

RHPERERSZIAT]. fk T HEE , 2020, 39(9):100-106.
ZHANG Lu, SUN Jinpeng, YU Qingyuan, et al. Effect of hydropho-
bic modification of wood flour on properties of HDPE based wood
plastic composites[J]. Chemical Industry and Engineering Progress,
2020,39(9):100-106.

[3] AN, ZEpEs, ARG, 55 T =R R R i S (52 B BB
FFERE R[], TRESRIN L2023 ,51(8):172-177.

YU Jiaming, LI Xiangrui, LIN Yu, et al. Research progress of green
composites based on three degradable plastics[J]. Engineering Plas-
tics Application, 2023 ,51(8):172-177.

[4] PELTOLA H, Padkkonen E,JETSU P, et al. Wood based PLA and
PP composites: Effect of fibre type and matrix polymer on fibre
morphology, dispersion and composite properties[J]. Composites:
Part A,2014,61:13-22.

[S] ASHORI A, NOURBAKHSH A. Reinforced polypropylene
composites: effects of chemical compositions and particle size[J].
Bioresource Technology,2010,101(7):2 515-2 519.

[6] CHEN H C,ChenT Y,HSU C H. Effects of wood particle size and
mixing ratios of HDPE on the properties of the composites[J].
Polymer Composites,2008,29(6):606-610.

[7] BRITEE, BN, SR EEHE, 56 AR A BRET 4R JEURL X PVC A &
FERL 2 PERE AR [T]. P R MOl 242441, 2015, 35(5):88-91.
XU Kaimeng, CHEN Taian, WU Zhangkang, et al. Effect of six
wood species on the mechanical properties of PVC-based wood
plastic composites[J]. Journal of Southwest Forestry University
(Natural Sciences),2015,35(5):88-91.

[8] MIGNEAULT S,KOUBAA A, ERCHIQUI F, et al. Effect of fiber
length on processing and properties of extruded wood-fiber/HDPE
composites[J]. Journal of Applied Polymer Science, 2008, 110(2):
1 085-1 092.

[91 ¥, Py W, WG, 55 AR AE UL SR AR S S b
RERTEIR[T]. ZRAU ARl R 27254, 2014, 42(2):100-103.

GAO Xun, CHENG Wanli, WANG Haigang, et al. Effect of wood

fiber geometry on the properties of wood-plastic composites[J].



SBHTIR, 55 AT BT 4 0 LRSI S PR RERY 20 37

[10]

(1]

[12]

[13]

[14]

[15]

Journal of Northeast Forestry University,2014,42(2):100-103.
TLR, KT8, O 8,45 . PVC/IRK A R PERERTIE ()] 288
Tk, 2005,33(10):17-20.

KONG Zhan, ZHANG Weiqin, FANG Lyu, et al. Studies of
mechanical properties of wood flour/PVC composites[J]. China
Plastics Industry,2005,33(10):17-20.

FHFRL, R, EE S, 55 EDIRAREE 4/ HDPE 524 44 K14 77
2EPERRL]. MOl B, 2006, 42(12):108-113.

WANG Haigang, SONG Yongming, WANG Qingwen, et al.
Mechanical properties of needle-shaped wood-fiber/hdpe compos-
ites[J]. Scientia Silvae Sinicae,2006,42(12):108-113.

Arifio R, BOLDIZAR A. Barrier screw compounding and
mechanical properties of EEA copolymer and cellulose fiber
composite[J]. International Polymer Processing Journal of the
Polymer Processing Society,2013,28(4):421-428.

BF 2, FBF, EIRAL . G MA S54SR PLA B LR AT £ 4t/
PLA & A FHRHEH A2 [0, 8 43 T8 41 , 2018(11):60-67.
ZHAO Shengyun, GONG Xinhuai, WANG Zhaoli. Glycidyl meth-
acrylate grafted onto polylactic acid improving the interfacial
compatibility of bamboo fiber/polylactic acid biomass composites
[J]. Polymer Bulletin,2018(11):60-67.

LONG Haibo, WU Zhigiang, DONG Qiangian, et al. Effect of
polyethylene glycol on mechanical properties of bamboo fiber-
reinforced polylactic acid composites[J]. Journal of Applied
Polymer Science,2019,136(26):47 70947 717.

JE IR, BRI, B AT R SR ST LT e RN I 2

[16]

[17]

(18]

[19]

FMPRHAERERISZ )] S BRI, 2019, 36(11):2 561-2 567.
TANG Qiheng, CHENG Haitao, WANG Ge, et al. Effect of the
combination forms of bamboo fiber on properties of bamboo fiber/
polypropylene composites[J]. Acta Materiae Compositae Sinica,
2019,36(11):2 561-2 567.

NASER A Z, DEIAB I, DARRAS B M. Poly(lactic acid)(PLA)
and polyhydroxyalkanoates(PHAs), green alternatives to
petroleum-based plastics: A review[J]. RSC Advances, 2021, 11
(28):17 151-17 196.

SEHIR, e 2R A AT B R R IR A W) A
EERHERR ] Al T4, 2017,33(2):308-314.

GONG Xinhuai, XIN Meihua, LI Mingchun, et al. Compatibilizer
improving properties of tea dust/polylactic acid biomass compos-
ites[J]. Transactions of the Chinese Society of Agricultural Engi-
neering,2017,33(2):308-314.

TRIDEZS AR FBAENS . AT IS A de AT A A S A A2 53 53
B[] AT TR, 2015, 13(5):12-15,20.

WEN Xiaoyun, ZHENG Rong, ZHENG Weipeng. Analysis on
fiber morphology and chemical composition of bamboo powders
and bamboo original fibers[J]. World Bamboo and Rattan, 2015,
13(5):12-15,20.

Xl— 1l AATEE I AR, 45 AR A A AR 2 L ). 4R
4%,2023,42(1):1-7.

LIU Yishan, HE Tinglong, WU Anguo, et al. The classification of
bamboo fiber and its applicaition[J]. Paper and Paper Making,
2023,42(1):1-7.



