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Preparation and properties of PVAL reinforced PLA/HA composites
BAN Jinghai, XU Enyang, BAO Jianna

(National Engineering Lab for Textile Fiber Materials and Processing Technology, Zhejiang Sci-Tech University , Hangzhou 310018, China)

Abstract : In order to prepare poly lactic acid (PLA) composites with both high strength and hydrophilicity , the surface modifi-
cation of nano-hydroxyapatite (HA) was first carried out using a silane coupling agent (KH550). Subsequently, PLA/HA composites
were obtained by mixing with a PLA solution, and then (PLA/HA)/PVAL composites were fabricated by melt blending with differ-
ent contents of polyvinyl alcohol (PVAL). The crystalline properties, nucleation properties, hydrophilic properties, mechanical prop-
erties, water absorption and mechanical properties after water absorption of the different components of the composites were
analyzed. The results reveal that the crystallinity and crystallization rate of the composites increase significantly with the increase of
PVAL content, and the crystallinity of composites with 0 wt% and 15 wt% PVAL are 4.3% and 15.1% respectively. Meanwhile, the
crystallization time of PLA/HA composites at 110 °C is 4.7 min, while the crystallization time of the composites with PVAL addi-
tion are shortened to less than 3.0 min. The mechanical properties of the composites are also enhanced by the addition of PVAL.
Specifically, the tensile strength and tensile elastic modulus of the composites with 15wt% PVAL reach 82.0 MPa and 2 312.6 MPa,
respectively. These values represent increases of 33.3% and 46.7%, respectively, compared with those of the composites without
PVAL. Furthermore, the outcomes of contact angle analysis and water absorption tests clearly demonstrate that incorporating PVAL
significantly enhance the hydrophilicity of the composites. Specifically, as the PVAL content rise, the contact angle decrease
notably, dropping from 71.7° without adding PVAL to 58.6° with 20 wt% PVAL. In parallel, the water absorption capacity of (PLA/
HA)/PVAL composites increase with the addition of PVAL, and interestingly, the loss of strength is positively correlated with the
water absorption rate.
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Tab.1 Composition of (PLA/HA)/PVAL with different PVAL

mass fractions

Sample (PLA/HA)/% PVAL/%
100/0 100 0
95/5 95 5
90/10 90 10
85/15 85 15
80/20 80 20
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Tab.2 Thermal decomposition data of (PLA/HA)/PVAL compos-

ites with different PVAL mass fractions

Sample T,,/°C T../°C Carbon residue ratio/%
100/0 340.4 366.7 5.6

95/5 3383 365.5 8.0

90/10 3404 364.6 8.0

85/15 3357 363.9 10.7

80/20 339.2 363.4 9.1

Notes: T, is initial degradation temperature, 7,  is maximum

decomposition temperature.

2.3 (PLA/HA)/PVAL H_ &M #6415 akAm 25 dh M AR
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HIESH

Tab.3 Thermodynamic characteristic parameters of (PLA/HA)/
PVAL composites with different PVAL mass fractions

Sample T,°C T,/°C T,/°C AH/U-g))

A /Jg) X%

100/0  62.0 1672 126.5 36.07 32.21 43
95/5 614 168.5 99.5 36.01 26.47 11.3
90/10 612 1685 93.6 36.01 26.67 11.7
85/15 60.8 168.1 101.5 31.30 19.92 15.1
80/20  60.4 167.3 100.1 28.80 20.30 11.9

Notes: 7, is glass transition temperature, 7, is melting temperature,
T, is cold crystallization temperature, AH, is melting enthalpy, AH__ is
cold crystallization enthalpy, X is crystallinity.

K1 3 g AN[R] PVAL JiT i 43 B (PLA/HA)/PVAL
HEMEHDSC 4. 7EE 3ar, 100/0 ¥ 5L A
HER ZE B TS I PVAL B9 BE B AE 100 °C Al
190 °CRfHT H BEBH 2 (1) 45 i 06, FLRf % PVAL % &
3G I AR A S A f TR 3b R TR LA KR Y
HAMBHES Ik FHRS R DSC ik, MiE
PVAL &30, 2 &MY TIA TR 100/
O BE S BV 45 fiRE S 126.5 °C, i1 T PVAL il A%
YEF, S BN 10% PVAL (152 G4 RHA 45 SR g
15 93.6 °C, H 1 5%, 15% F120% PVAL B & &
B ¥ 25 i il R AR S 100 °CAf . 56 E
3c AT LI, 7E 110 °CHY 100/0 # & R B0 2212 1Y
g i e, I HLG(E 25 5 B 1) 1 B07E 4.7 min, R
T PVAL [ 52 4 4k iy W 6 285 & Bsf ) 40 4 e 39 3
min LAY, ] 3d B9 25 it — 2 3iE B PVAL FE A i

Cooling

Endo heat flow
o
=4
(

40 80 120 160 200 240
Temperature/°C

(a) Cooling curves

2" heating

2
5]
=
i
<
Q
]
<
o
80/20
40 80 120 160 200
Temperature/°C
(b) Second heating curves
4.7 min 100/0
2.9 min 95/5
2
=
= 2.7 min 90/10
Q
<
< 2.5 min 85/15
o
3.0 min 80/20
5 10 15 20
Time/min
(c) 110°C isothermal crystallization curves
26.6 min 100/0
18.7 min 95/5
2
=
s 16.3 min 90/10
Q
<
< 15.2 min 85/15
5}
24.2 min 80/20
20 40 60
Time/min

(d) 130 °C isothermal crystallization curves
K3 R[E PVAL B 580 (PLA/HAYPVAL & AR R DSC 2k
Fig.3 DSC curves of (PLA/HA)/PVAL composites with different

PVAL mass fractions
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Fig. 4 POM micrographs of (PLA/HA)/PVAL composites crystallized

isothermally for 8 min with different PVAL mass fractions
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Fig. 5 Mechanical properties of (PLA/HA)/PVAL composites with
different PVAL mass fractions
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