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Abstract: Lignin-based polycaprolactone (LigPCL) copolymer was synthesized by both the ring opening reaction of &
caprolactone with the hydroxyl groups in the lignin and the concomitant polymerization of &caprolactone. FTIR spectra
showed C=0 (1755 cm™) and C-O (1202 cm™) peaks confirming that the esterification reaction took place successfully
between lignin and e-caprolactone. 7>, at which the weight loss of 2% occurs, of pristine lignin and LigPCL were mea-
sured as 63 and 211 °C, respectively, and so the synthesized LigPCL had superior thermal stability to the lignin. PP/Lig-
PCL blends were prepared at various contents of LigPCL up to 30 wt% by a melt extrusion process. In proportion to
the content of the LigPCL, tensile strengths, flexural strengths, and tensile modulus of PP/LigPCL blends greatly
decreased, but elongations at break of those greatly increased. To improve the compatibility between PP and LigPCL,
maleic anhydride-grafted polypropylene (PP-g-MA) was added. SEM images for the fracture surfaces of the blends
showed that the PP-g-MA was effective in reducing the domain size of dispersed phase. Thus, 75, tensile strength, tensile
modulus, and elongation at break of a 70/30 blend of PP/LigPCL were enhanced by 6 °C, 17%, 31%, and 79%, respec-
tively, by the addition of PP-g-MA. This work clearly demonstrates that thermoplastic LigPCL could be desirably syn-
thesized and applied for value added and eco-friendly products through common melt processes used for polymer blend

or composites manufacturing.
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Figure 1. Schematic chemical structure: (a) lignin-based polycapro-
lactone derived from lignin; (b) compatibility of lignin-based poly-
caprolactone and polar functional group of maleic anhydride grafted
polypropylene.
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Figure 2. FTIR spectra of lignin, PCL, LigPCL, and PP-g-MA.

Table 1. Band Assignments of Lignin, PCL, LigPCL, and PP-
g-MA

Wavelength (cm™) Possible assignment

a 3450 O-H stretching vibration
b 2900 C-H stretching vibration
c 1755 C=0 stretching (ester bond)
d, e 1603 and 1504 Aromatic rings
f 1460 C-H deformation and aromatic ring
vibration
g 1202 C-O stretching and aromatic (phenyl)
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Figure 3. TGA curves (a); DSC thermograms (b) of lignin, ligPCL,
and PCL.
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Figure 4. TGA thermograms of weight loss (a); their derivatives

(b); DSC thermograms (c) of the PP/LigPCL blends with various
LigPCL contents.

Table 2. Compositions and Thermal Decomposition Temperatures of LigPCL and Polymer Blends

Samples Blend ratio (wt%) PP-g-MA T, T, Thoas

PP LigPCL (phr*) {©) 9 @)

LigPCL - 100 - 211 - 401

PP 100 - - 373 167 462

PP/LP5 95 5 - 356 169 468
PP/LP10 90 10 - 344 169 464
PP/LP20 80 20 - 286 163 466
PP/LP30 70 30 - 265 163 466
PP/LP30/PP-g-MA 70 30 5 271 163 467

*phr: parts per hundred parts of resin.
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Figure 5. Mechanical properties of PP/LigPCL blends with various LigPCL contents: (a) stress-strain curve; (b) yield tensile strength; (c) ten-
sile modulus; (d) elongation at break; (e) izod impact strength; (f) flexural strength.

Table 3. Mechanical Properties of PP/LigPCL Blends with Different LigPCL Contents

. Sample
Properties
PP PP/LP5 PP/LP10 PP/LP20 PP/LP30 PP/LP30/PP-g-MA
Yield tensile strength (MPa) 32 28 25 21 18 21
Tensile modulus (MPa) 1,907 1,514 1,211 812 681 892
Elongation at break (%) 21 25 49 80 28 50
Izod impact strength (kgrcm/cm) 225 224 2.59 1.94 1.89 1.50
Flexural strength (MPa) 54 52 44 43 34 34
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Figure 6. Scanning electron micrographs obtained from cross-sec-
tion surfaces of the PP/LigPCL blends: (a) and (a') for PP; (b) and
(b") for PP/LP30 without compatibilizer; (c) and (c') PP/LP30 with
PP-g-MA compatibilizer (5 phr).

=3 PP 8§ B3 Alx 2 B4 319

LigPCL =w|21¢] Ago] 5-10 ym 53] 7h25h, 7
I A= 57—‘371] 2akE]o] e RS SIS Ut o]
= AE3HE Hristoma] BdEe] 7IAA, €44 E/d0]
A o 2 e e Aol 2AYS gEE

LigPCLE} PP/LigPCL S =9| Hjo|2OjA B2 B4,
2 vlol e.ZekE A7t XA AAjjof] E3HE Hlo]
ez g Aol Fagk o]t At 7 A st vp
olom 2~ g ZHRLS ASTM D 6866°]t}. o|= *C, 1°C
23 YAV EAE LA (MO HIES BAlEe Ao=
LEA] A S Falf o FoRinh AP R E 94 H
42 pMC(percent modern carbon)®] 3, ©]& &3 ujo] .
~ ﬂak_’,:i]“ 0.95xpMCe|t}. EFEZQ! oxalic acid®] %k
2 105 pMCEA, vlo] QB2 100% 222 105 pMColt.

14 13
( Csampli]( Csampli]
12 12
Csampl Csampl

pMC = x100
14 13
_1_?’_75,‘ A %= x (]zcstandarij(lzcstandarﬂ
Cstandar Cstandar

Aol e FHA9E LigPCLZF PP/LigPCL E#=2] u}
Olouﬂ* kS AT Table 4). 8 2U-S 227 ulo]
Quf2 2A) O]Z] 1F PP} e-caprolactones M A E ZH-E]
Aojzitt.

2 AN FAS B3l Aozl LigPCLe] vpo] omj2 3
2 52%=A AA FYE Fd ] 234850 wi%eys Hl
EX—% A5 sk Aok =3 ppefe] LY S S5
207 PP/LigPCL A|H <] vlo] Qw2 dheF Axps 23%2
U g 2318025 wi%)ye B8 SAsH o]
= Hlo|Qu 2 FheF o] A A AdEle] AlEMRE opY
g o 2 EdY T o8 F8E AR AlHe] SR x
etk A oulgtt. & e EYA BHE §
3 Lozl g B4 ﬁ}@;ﬂ oy =84 &g 2709
AAgLe] UH% Aaith=s AS & 7 e, FF ol
.S_I.a],}\ oﬂ Z3lE] AlzR]A o] H}O _C,J_HHZ_:EL]

o 2271w

W15k PO AgE Aoz ARE.

rzi fr ruz

=

e
O
tlo
o
o,
ol
X

Table 4. Compositions and Biomass Contents of LigPCL and
PP/LigPCL Blend

Content ratio (wWt%)

Biomass
Samples tents®
Lignin  e-caprolactone PP contents
LigPCL 50 50 - 52
PP/LigPCL 25 25 50 23

*Test report of Beta Analytic Inc.(#Beta-408304, #Beta-408308).
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