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Fig. 1 DSC curves of PVA/TPS with different rosin contents ((a): temperature rise curves; (b): cooling curves); DSC
curves of PVA/TPS/rosin(2% ) with different cellulose nanocrystalline contents ((c): temperature rise curve; (d):
cooling curves)

Tab. 1 7., T. and crystallinity tables for PVA/TPS with different rosin contents and PVA/TPS/rosin(2% ) with
different CNC contents

Contents T/°C T,/°C AH/(J-g") X/%
PVA/TPS/rosin(0%) 125.1 175.1 10.6 11.9
PVA/TPS/rosin(1%) 128.9 174.7 14.4 16.1
PVA/TPS/rosin(2%) 132.1 174.0 15.2 17.0
PVA/TPS/rosin(3%) 132.9 173.9 16.0 17.9
PVA/TPS/rosin/CNC(0%) 134.8 179.7 17.0 19.1
PVA/TPS/rosin/CNC(0.3%) 130.0 176.0 16.4 18.3
PVA/TPS/rosin/CNC(1%) 127.0 175.9 13.2 14.7
PVA/TPS/rosin/CNC(1.5%) 126.0 169.0 11.4 12.8
PVA/TPS/rosin/CNC(2%) 124.5 166.2 8.6 9.6
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Tab. 2 Crystallinity of PVA/TPS with different rosin contents
and PVA/TPS/rosin(2%) with different CNC contents

Contents X/%
PVA/TPS/rosin(0%) 212
PVA/TPS/rosin(1%) 242
PVA/TPS/rosin(2%) 26.1
PVA/TPS/rosin(3%) 27.5

PVA/TPS/rosin/CNC(0%) 21.2
PVA/TPS/rosin/CNC(0.3%) 20.2
PVA/TPS/rosin/CNC(1%) 19.9
PVA/TPS/rosin/CNC(1.5%) 13.9
PVA/TPS/rosin/CNC(2%) 10.5
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Fig. 2 (a) XRD patterns of PVA/TPS/rosin and different rosin modifications; (b)XRD patterns of PVA/TPS/rosin(2% )

and different CNC modifications
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Fig. 3 (a) Infrared spectra of rosin, PVA/TPS and rosin modified PVA/TPS; (b) infrared spectra of PVA/TPS/ rosin(2%)

with different CNC contents
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Fig. 4 (a) Principle of enhanced modification of rosin to PVA/TPS; (b) principle of CNC response enhancement to PVA/TPS/rosin
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Fig. 5 (a) Complex viscosity of PVA/TPS modified with different rosin contents; (b) complex viscosity of
PVA/TPS/rosin (2%) with different CNC contents
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Fig. 6 SEM image of the samples: PVA/TPS (a:x200; b:x500; c:x1200); PVA/TPS/rosin(1%) (d:*x200; e:x500; f:x1200);
PVA/TPS/rosin(2%) (g:%200; h:x500; i:x1200); PVA/TPS/rosin(3%) (j:x200; k:x500; m:x1200)
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Fig. 7 SEM image of the samples: PVA/TPS/rosin/CNC(0.3%) (a:x200; b:x500; c:x1200); PVA/TPS/ rosin/CNC(1%) (d:x200; e:x500;
£:x1200); PVA/TPS/rosin/CNC(1.5%) (g:x200; h:x500; i:x1200); PVA/TPS/ rosin/CNC(2%) (j:*200; k:x500; m:x1200)
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Fig. 8 (a) Tensile strength and elongation at break of PVA/TPS modified with different rosin contents; (b) tensile
strength and elongation at break of PVA/TPS/rosin(2%) with different CNC contents
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Fig. 9 (a) Water contact angle of PVA/TPS modified with different rosin contents; (b) water contact angle of PVA/

TPS/rosin(2%) with different CNC contents
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20%. IXSE T — AN FAE N —FRIPEY T,
o3BT E A IR G5 K F W 1 266 A e et 7 4
T& T R R R 5E B L I HL 1S AR W7 2 A KR
N EERY S — 7 A B R 3E T PVA/TPS B 45 fn {43
PVA/TPS M L) 45 dt FE AR 2] 7927+, gt midem 7 &
BR RGP

M Fig.8(b)r] LA %, £ PVA/TPS/FAE (2%) B &
RPN CNC J5 , B &K RR Mm%
FhEJE AR IR, BEE CNC [ & &3, &M
B Z B3z 858 5 i 17.03 MPa 34 50 20.86 MPa,
T+ T 22%. XA EEZ& KN CNC 5 PVA, TPS K #£
B2 T T Ak, N T & T 2 RIMIERA 7). 12
ARk S L REVALGE
2.6 WEFFICNC EE Xt PVA/TPS FEK 14 RERIE T

Fig.9 /& PVA/TPS/KA 75 1 Z 42 fil M B A & 25 &
AL . M Fig.9(a)nT LA B, b 5 Fa & & & 13
I, PVA/TPS/FA 75 1 56 K 1M 8 T B3, R W8 i 7 1)
PVA/TPS M B2 fil 1 31.78", 47N 1%0A I, 32
il FF 3 N B 43,53 11 Bl A A A S B V4G 0 B2 Ak A
BT 5774 X R ABEE S S E I AL R
FISE KR LR B, X2 M THEEREN G
I, —J7 T FA R B R R 3 ] 5 PVA AT TPS 12
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FE R AR TR AL RO A RSB 7K I T S ek b T SRk R
FRAEMBEY; 5 — A& R I T PVA/
TPS MR 25 i BE 77, 45 b BB N ) 5238 , AT A5 75 4
PRHEZ | BE IR RURE (505, 52nn 1 MR SR K PR

M Fig.9(b) i] LL & #| , CNC F in X\ 1 45 PVA/
TPS/AA B MBI SE K RE 1R I BT RS, R
HICNC W5 &1 R 3 49.617, 471 0.3%CNC
I, 32 ik Ff B 31 46.557, T il 45 CNC & 21038 0
B T REE] T 34.79° . HBLX Fh R B34 1 SR IR
£ CNCIEAN—Fh & ZRET R grRER, H
2 P B M R A 45 PVA/TPS/HA T IS /K L1 %2,
MTTHE S T BRI SR K PR

3 g

FAFRE I H AN T PVA/TPS fk R fit 5
PVA fil TPS % AE g4k , 1l CNC 5 PVA/TPS #4 1 RE E
R, S AR R TR 4 21.2%48 =
27.5%. PVA/TPS H 5] NFA S AR 7K M 7 115
B TS B A N 31,788 i ) 57.74° ., [HA L @
i 7 5 CNC Hr A % PVA/TPS #4 81 347 Btk 7T BA
AR E SR R A, K PVA/TPS/A & 5
PVA/TPS/H #/CNC 14 2 147 58 FE L& PVA/TPS 43
S T 20%5 22% . RIAA AT CNC 2P PVA/TPS
PARHE AL 2 AL A ) I 27 R ] A 40 % ik 28 et T
AT AE R B FH AT 5%
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Potential of Combining Polyvinyl Alcohol / Thermoplastic Starch

Degradable Materials with Cellulose Nanocrystals Through the

Use of Rosin as a Substitute for Glycerol

Wenyuan Yang, Muzhen He, Shengfei Hu

(Hubei Provincial Key Laboratory of Green Materials for Light Industry, New Materials and Green Manufacturing

Talent Introduction and Innovation Demonstration Base, Hubei University of Technology, Wuhan 430068, China)

ABSTRACT: The combination of polyvinyl alcohol (PVA)/thermoplastic starch (TPS) as matrix resulted in the

creation of PVA/TPS materials through rosin, which successfully substituted a part of glycerol and combined with

cellulose nanocrystals (CNC). The mechanical properties of PVA/TPS materials were studied in relation to rosin

and CNC, and the findings indicate a substantial rise in the crystallinity of the PVA/TPS composite system with
rosin from 21.2% to 27.5% . The addition of both rosin and CNC to PVA/TPS through rotational rheometry

enhances the viscosity of the composite system, and FT-IR results verify that rosin and PVA/TPS materials can be

esterified, while CNC and PVA/TPS materials generate hydrogen bonds. SEM images demonstrate that the

incorporation of rosin and CNC is successful in encouraging a more uniform distribution of PVA/TPS, and the
tensile strengths of the PVA/TPS/rosin and PVA/TPS/rosin/CNC systems are augmented by 20% and 22%,

respectively, in comparison to that of PVA/TPS.

Keywords: polyvinyl alcohol; rosin; cellulose nanocrystals; thermoplastic starch



