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Effect of epoxy soybean oil on properties of poly(lactic acid)/acidified lignin
LIN Minghua', WANG Hua', GUO Jianbing'*,ZHENG Bin', WANG Yao'
[1. Kangmingyuan (Guizhou) Technology Development Co.,Ltd., Anshun 561100, China;
2. Guizhou Institute of Materials Industry Technology, Guiyang 550014, China]

Abstract : In order to explore the effect of epoxidized soybean oil (ESO) on the compatibilization effect of polylactic acid
(PLA)/acidified lignin (AL) composites, PLA/AL/ESO ternary composites were prepared by blending modification method. The
microstructure of the composites was characterized by scanning electron microscopy. The effects of ESO content on the mechanical
properties, crystallization behavior, rheological properties and thermal stability of the composites were studied. It is found that the
introduction of ESO significantly improves the impact fracture morphology of PLA/AL composites, which changes from smooth
and flat to fuzzy rough, thus significantly improving the toughness of the material. In addition, the addition of ESO reduces the
initial thermal degradation temperature and the maximum thermal degradation temperature of the composites. At the same time,
ESO reduces the melting temperature of the composites, and the crystallinity decreases first and then increases with the increase of
ESO content. Rheological analysis show that the addition of an appropriate amount of ESO enhances the mobility of the polymer
molecular chain, thereby reducing the viscosity of the composite. However, excessive ESO can lead to excessive entanglement of
molecular chains, which limits the movement of PLA molecular chains. Studies have shown that ESO, as an effective plasticizer and
compatibilizer, can significantly optimize the micro-interface of PLA/AL composites and improve the elongation at break and
impact strength. However, the addition of ESO reduces the thermal stability, tensile strength and flexural strength of the material.

Keywords : poly(lactic acid) ; epoxy soybean oil ; acidified lignin ; thermal stability ; mechanical property
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F1 PLASAWMHEA(RENE)

Tab.1 Ingredients of PLA composites(mass fraction)

%

Sample PLA AL ESO

Pure PLA 100.0 0 0
PLA/5AL/2.5ESO 92.5 5 2.5
PLA/5AL/5ESO 90.0 5 5.0
PLA/5AL/7.5ESO 87.5 5 7.5
PLA/SAL/10ESO 85.0 5 10.0

1.4 PEgEmiX s R4

DSC izt : B K 24 5 mg B RE 5 B T 45 41 HE 1
i, R DSCAAE A AR B A, B,
e TR T 2R 200 °C, fE I 5 min DL B4
Jis . BEJS, LA 10 °C/min 438 B 0 2 30 °C, IT-7E
LI R EE S mine 5, PR LA 10 °C/min [ 38
RIHEZE 200 °C, ISR AR AL SIREN X R
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I, LA 10 °C/min B FHEE R, AE RS P NE
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Fig. 1 SEM photos of impact section pure PLA and PLA/AL/ESO
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Fig.2 TG and DTG curves of pure PLA and PLA/AL/ESO composites
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%2 4iPLAS5PLA/AL/ESO 8 &+ £ TG $1R
Tab.2 TG data of pure PLA and PLA/AL/ESO composites

%3 4 PLAFIPLA/AL/ESO £ & #18 DSC #1iR
Tab.3 DSC datas of pure PLA and PLA/AL/ESO composites

Sample T,,/°C T ./°C Residue/%
Pure PLA 3327 368.5 0.55
PLA/5AL/2.5ESO 307.1 360.5 2.45
PLA/5SAL/5ESO 308.1 359.5 3.78
PLA/5AL/7.5ESO 304.5 353.3 2.62
PLA/5AL/10ESO 311.6 360.0 3.50

Notes: T, is the temperature at 5% mass loss; 7, is the tempera-

ture at maximum mass loss.

311.6 °C . 4553 W ESO 9 in AF&AX T PLA/AL/
ESO By #FaE M, X & i T ESO AR F 43 F i),
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Bl R, TGS 5% s KB, 46 PLA JLT-
S 4R, i ESO #4 ¥ (1) PLA/AL & & # RHRI 43 1)
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FERG LS b R, A% R TE BRI 43 ¥ 5
B 5 A% P AL o 38 0T A 2 e s AR
AT RS Tl G2 3l [ &Y B 7 4516 1 5k
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AR RE LG AR Y s T AR K, B S o TR
PRI 28 AT P HES I AR R R i A . 18] 3 FIER 3
435120 DSClRAS B H - 25 S8, 453 0

PLA/SAL/2.5ES;\f
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PLA/SAL/7.5ESO
PLA/5AL/10ESO
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Temperature/°C
&3 4l PLA FIl PLA/AL/ESO & &1 kHi) DSC ik
Fig. 3 DSC curves of pure PLA and PLA/AL/ESO composites

Pure PLA

<— Endo

AH/ — AH/

Sample T /°C T /°C < m X /%

p I m JghH d-gh J70

Pure PLA 95.2 169.4 27.9 40.6 13.5
PLA/5AL/2.5ESO 97.8 168.7 27.1 36.4 9.2

PLA/SAL/SESO 96.8 167.8 26.6 40.8 15.6
PLA/5SAL/7.5ESO 97.8 168.6 23.6 39.1 18.8
PLA/SAL/10ESO 97.8 167.3 24.0 40.8 21.0

Notes: T is cold crystallization temperature; 7' is melting tempera-
ture; AH_ is crystallization enthalpy; AH_ is melting enthalpy; X_ is
degree of crystallinity.
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iE— 2D WG I, ¥ 45 SR I E TR X e]
REJE K ESO 4355 A3 I BUAR R ZREERS N, A
BRI T PLABEELiZ 8. BeAbh, 2 3 AU L 3=
W1, ESO M5 | AR A MBS S A7 B N %
2.4 PLA/AL/ESO 5 &-#H#H04g i T AR 47

] 4 4558 T ESO H44)) PLA/AL/ESO & & #1KHK)
WAAT R . I 4TI, Rl 55 U o B3N, it
REA & A AR i PR Lo R X (0 <1
rad/s), 1 22 R B M AR 00 AR 5 1T AE = X (0 >
1 rad/s), ZEPEAT M . ESO BYIN ARG 38 T /3 T4%
)iz S RE J7 , JUH AR I A BT 4351 2.5% (1) ESO
B, ZEEREAR R B2 . SR, Bl ESO 7 & Y ik
— YN, BT AR Lt R R A ESO W fg
kS, PR T PLABERYIZ ™,
2.5 PLA/AL/ESO A &-##Hey /) S RE 547

& 5 Fl13 4 )& 75 T PLA/AL/ESO & & # Ry $ir
R J7-R AR R A 2 RE R . R4 T, 4l
PLA ()i {1 38 J&F &y 83.2 MPa, Wi 2L i K K 4 Ky

%4 ZHPLA and PLA/AL/ESO £ &+ #1813 se 44

Tab.4 Mechanical performance data of PLA and PLA/AL/ESO composites

Tensile strength/

Elongation at

Tensile modulus/

Bending strength/

Bending modulus/  Impact strength/

Sample MPa break/% MPa MPa MPa (kJ-m™)

PLA 83.241.4 3.6 2311238 102.3+1.3 3 123480 2.7:02
PLA/SAL/2.5ESO 67.5+0.4 8.4 804+5 80.1+1.0 3 145+45 2903
PLA/SAL/SESO 61.340.6 11.8 51945 74,5512 3 092447 3202
PLA/SAL/7.5ESO 53.0£0.4 15.8 33543 66.4+1.4 2719443 3.5£0.2
PLA/SAL/10ESO 50.8+0.5 26.9 18942 523+13 2 654+59 3.8:0.2
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Fig. 5 Tensile stress-strain curves of pure PLA and PLA/AL/ESO
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