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Preparation and properties of polylactic acid/polypropylene blend
fiber by melt spinning
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Abstract In order to enhance the mechanical properties of polylactic acid ( PLA) fiber polypropylene
(PP) was melt blended with PLA then PLA/PP blend fiber was prepared by melt spinning. The thermal
property heat stability tensile property and orientation degree of the PLA/PP fiber were tested using
fiber

birefringence meter respectively. The results show that the addition of PP has no significant effect on the

differential scanning calorimeter thermal gravimetric analyzer universal testing machine
glass transition temperature and melting temperature of PLA  but the crystallization behavior of PLA is
improved and the degree of crystallinity enhances by 585.9%. With the increasing of PP content the
heat stability of PLA is decreased

obviously but the carbon yield is increased. Meanwhile

especially the initial decomposition temperature is decreased
the degree of orientation and mechanical
properties of the PLA /PP fiber are enhanced. When the PP mass fraction is 20% the orientation degree
breaking strength and elongation at break of the PLA/PP fiber increase 55.6% 98.2% and 44.4%

respectively.

Keywords polylactic acid; polypropylene; melt blending; melt spinning; mechanical property
1-2
A ( PLA)
12018-04-23 12018-11-29
(2017C31115)
(1996—)

(1977—)

o E-mail: lixm@ usx.edu.cn.



3 / . 9 .
( DSM ) 1.5.2.0.2.5
6 70 C
N N N 20 m/min.
o7 1.3
N 1.3.1
. ; PP PLA/PP
DSC1 (
’ - ) PLA/PP
. .
25~200 °C . 200 °C 5 min
- . 25 C 2
(PA) ™ 200 °C. 20 °C /min.
(LDPE) ' . ( LLDPE) " . DSC
(PC) " . 15
( PP) . . AH, - AH,,
14 X, = x 100%
AH?
X, %; AH
J/g; AH,, J/g, AH,
(TG) . (DSC) . 100% 93 /g " .
( SEM) PLA/PP L3.2
PP PLA/PP
TG /DTA6300 /
1 ( ) 25~500 C
1.1 10 °C /mino.
( PLA) 168 C 1.3.3
0.4% ; SNE-3000 M (
(PP) 159 C > SEC ) PLA/PP
1.2 PLA/PP PP
1.2.1 PLA/PP .
80 C 12 h. 1.3.4 PLA/PP
HAAKE MiniLab I ( Instron 3365 (
) Instron ) s
0% 5% 10% 15%  20% PLA/PP .
0*.1%.2".3" 4%, 20 cm 200 mm/min
5 min 175 C 90 r/mino. 0. 05 cN/dtexo 20
. PLA/PP ,
1.2.2 PLA/PP 1.3.5 PLA/PP
PLA/PP 80 °C
12h HAAKE MiniLab II . SSY-C
: ( )
185 C 20 mm 50 r/min PLA/PP 0
50 m/min. 10 o
1.2.3 PLA/PP
R
PLA/PP XPLORE "



*10 - 40
n ' R pm; d 5% 2.9% 8.3%
o 50% 1.8% 5.1%
90% 1.3% 3.6%-.
2 PP PLA /PP
PP
2.1 PLA/PP (286 C) o
1 1 PLA/PP ° . PP
2 DSC . PLA/PP 400 C
1 PLA PLA 1. 6%; PP
PP PLA/PP 20% 3.7% 131.25%
0 PP
PLA /PP ( 1) PP 7
20% 585.9% .
PP PLA (
)
10 PLA/PP o
1 1 pp PLA
PLA/PP DSC
Fig.1 DSC heating curve of PLA/PP blends
1 PLA/PP
Tab.1 Thermal properties of PLA /PP blends
T, T.l T,/ AH,/ AH,, /| X,/
t T T (g (g) % 2 PLA/PP
0" 6337 —  165.99 — -3.62 389
1* 6338 97.75 167.62  15.87 -37.46  23.22 Fig2 TG(a) and DTG(b) curves of
2 63.06 9659 167.12  14.40 -3337  20.40 PLA/PP blends
3 6373 9725 167.82  13.18 -3274  21.03
4" 6321 9637 167.06  13.21 -38.02  26.68 2.3 PLA/PP
. " 3 PLA PLA /PP
b o PLA
2.2 PLA/PP PP
2 PP PLA/PP PLLA PP
o PLA /PP R 3 PP PLA
(TG) ( DTG) pp . PP PP
PP ( 3(b)) s PP
PLA /PP o PP PP 0 PP
5% 20% PLA PLA/PP 15% PP



3 *11-
PP 2.5 PLA/PP
pp ° 4 2.5 PP
PLA /PP o
pp PLA/PP
o PLA 2.0
1.68 cN/dtex  20%-
PP 5% 20%
PLA/PP
69.2% 98.2% 23. 6%
44. 4% PP PLA
PP N
Y PP
PLA/PP
3 PLA PLA/PP ( x1 000)
Fig.3 SEM images of sections of PLA and
PLA/PP blends( x1 000)
2.4 PLA/PP
2 PLA/PP
4 PP PLA/PP
° Fig.4 Influence of mass fraction of PP on
tensile property of PLA/PP fiber
o PP
. 3 PP 15%  PLA/PP
2.5 PLA ; - PLA/
19.8; PP 20% PP
30. 8 55.6%- PP ! 2.5 PLA/PP
PLA 3.29 c¢N/dtex
PLA PLA 1.5 108. 2%
N T 1.5
PP PLA 23.8 2.5 30.4 27.7% .
PLA/PP PLA/PP
PLA . PLA/PP
2 PLA/PP ’
Tab.2 Relationship between draft ration and refractive 3 PLA/PP
index of PLA/PA fiber Tab.3 Relationship between draft ration and
mechanical property of PLA/PP fiber
1.5 2.0 2.5 ;
0* 10.6 15.2 19.8 (eNediex™) 1%
1" 22.5 23.5 26.5
o 3.1 24.2 30.3 1.5 1.58 30. 48 23.8
3# 23.8 24.7 30.4 2.0 1.77 26.97 24.7
4* 25.2 24.8 30. 8 2.5 3.29 24.62 30. 4




e 12

40

585.9%;

PLA /PP

. PP PLA
PLA
PP 20%
PP PLA
131.25%

PLA/PP PP

PLA

55.6%. PLA/PP

44. 4% PP
PLA o
FZXB

98. 2%

HUANG Wei

structure

LI Longzhen

Properties and

WANG Bingjie et al.
of polylactide/poly ( 3-
hydroxybutyrate-co-3-hydroxy-valerate) ( PLA/PHBV)
blend fibers J . Polymer 2015 68: 183-194.

WANG Yanan WENG Yunxuan  WANG Lei.
Characterization of interfacial compatibility of polylactic
acid and bamboo flour ( PLA/BF) in biocomposites J .
Polymer Testing 2014 36:119-125.
. (3-
03— )/
J. 2016 37(2):21-27.
ZHU Feichao HAN Jian YU Bin
spinnability of biodegradable poly ( 3-hydroxybutyrate—

et al. Study on

co-3-hydroxyl valerate) /poly ( lactic acid) blends for

melt-blown nonwovens J . Journal of Textile Research

2016 37(2): 21-27.

J. 2012 33( 11): 11-15.
LIU Shuqiang ZHANG Ruiping JIA Husheng
Melt spinning process of biodegradable PLA filament J .
Journal of Textile Research 2012 33( 11): 11-15.
IDRIS MUSTAPHA  Kaci AIDA
Benhamida et al. Poly ( 3-hydroxybutyrate-co3—

et al.

Zembouai

hydroxyvalerate) /polylactide blends: thermal stability
behavior ]

2014 22:

flammability and thermo-mechanical
Journal of Polymers and the Environment
131-139.

LIANG Guolei LI Zhihong WU Jimin. Reparation and
properties of poly ( lactic acid) fiber reinforced PHBV
composite J . Applied Mechanics and Materials 2013

420: 107-113.

BOUZIDIA Farida GUESSOUM Melia MAGALI Fois.
thermo-mechanical and

based

Viscoelastic environmental

properties of composites on polypropylene/

10

11

12

13

14

15

16

17

18

19

poly( lactic acid) blend and copper modified nano—
clay J . Journal of Adhesion Science and Technology
2018 32:496-515.

WANG Ming WU Ying LI Yidong et al. Progress in
toughening poly ( lactic acid )  with
polymers J . Polymer Reviews 2017 57:557-593.
ABDELWAHAB M A FLYNN A CHIOU B S et al.
Thermal mechanical and morphological characterization
of plasticized PLA-PHB blends J . Polym Degrad Stab
2012 97:1822-1828.

renewable

12-16.
SHI Lifen. Preparation and

J. 2017 38(4):
LI Xuming SUN Xichao
properties research of reinforcing and toughening PLA
fiber J . Journal of Textile Research 2017 38( 4):
12-16.
DIELLALI S SADOUN T HADDAOUI N

Viscosity and viscoelasticity measurements of low density

et al.

polyethylene /poly( lactic acid) blends J . Polym Bull
2015 72:1177-1195.

SINGH G KAUR N BHUNIA H
behaviors of linear low—density polyethylene and poly( L—
2012 124:

et al. Degradation

lactic acid) blends J . J Appl Polym Sci
1993-1998.

HASHIMA K NISHITSUJI S INOUE T. Structure —
properties of super-tough PLA alloy with excellent heat
resistance J . Polymer 2010 51:3934-3939.
ROHLMANN C O FAILLA M D QUINZANI L M.

Linear viscoelasticity and structure of polypropylene —

montmorillonite nanocomposites J . Polymer 2006
47:7795-7804.
KOUTSOMITOPOULOU A F BERGERET  A.

Preparation and characterization of olive pit powder as a
filler to PLA — matrix bio-composites ] Powder

Technology 2014 255: 10-16.

J. 2010 24( 11) : 54-57.
WU Wengian XIANG Aimin. Study on
2010

HUANG Jin
blends of PLA/elastomers J . China Plastics
24( 11) : 54-57.
SHIH Yengfong HUANG Chienchung.
acid( PLA) / banana fiber ( BF)
composites ] . J Polym Res 2011 18:2335-2340.
. PHBV PLA

J. 2015 43: 73-76.
YU Xiang WANG Yanwei YANG Xiuqgin et al. Study
on crystallization and mechanical properties of PHBV

Polylactic
biodegradable green

toughened PLA ] . Plastics Science and Technology
2015 43: 73-76.
. PLA/PBS
J. 2016 30:
34-38.
XU Wenhua YANG Zhitao YIN Xiaochun et al. Study
on mechanical properties of PLA/PBS toughening blends
. China Plastics 2016

under tensile deformation J

30: 34-38.



