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Abstract: Cellulose nanofibers (CNFs) can be used in plastics as an eco-friendly and lightweight reinforcement material.
However, due to their hydrophilicity from numerous hydroxyl groups (-OH), CNFs were incompatible with engineering
plastics (EP), resulting in a decrease of properties. Therefore, the development of effective compatibilizers is essential to
improve properties. In this study, four different amines were introduced into polypropylene grafted maleic anhydride (PP-
g-MAH) to serve as compatibilizers, and the changes in properties according to each amine structures were analyzed. As
a result, the compatibilizer modified with 4,4'-diaminodiphenylmethane increased the tensile strength and flexural
strength by 68% and 32%, respectively, compared to when it was not used compatibilizer, and also improved dispers-
ibility. This study confirmed that the developed compatibilizer effectively improves the properties of the polyamide
6(PA 6)/CNF composite material by increasing the interfacial interaction between PA 6 and CNF.

Keywords: cellulose nanofiber, reaction extrusion, engineering plastic compatibilizer, engineering plastic composite.
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Figure 1. (a) Reaction mechanism of PP-g-MAH and amines; (b) reactive extrusion process of compatibilizers and PA6/CNF composites.

Table 1. Ratio of PP-g-MAH and Amine for Modification

Formulation (wt%)
PP-g-MAH  Amine

Sample

PP-g-p-Phenylenediamine (N1)

PP-g-4,4'-Diaminodiphenylmethane (N2) 95 s z
PP-g-1,12-Diaminododecane (N3) E
C
PP-g-tris(2-aminoethyl)amine (N4) £
:
Table 2. Composition of PA6, CNF M/B, Compatibilizers, and ©
CNF Content =
— PP g AH
Formulation T ﬁg:;
I ——— CNF content — PRgN3
Sample PA6 CNF M/B Compatibilizer  (w19s) —FRgN4
(Wt%)  (wt%o) (phr) 4000 300 3000 2500 2000 1500 1000
PP-g-MAH 1 1 Wavenumber (cm™)
PP-g-MAH 3 647 353 3 30 Figure 2. IR spectra of modified PP-g-MAHs.
PP-g-MAH 5 5
PP-g-Nn (n=1~4) 3 o FEE FTIR ¥413F 272 Figure 20 JERAITE FTIR

2443} PP-g-MAH®] FZ#Q1%K1712 em™, 1780 cm™)
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Table 3. IR Absorption

254

of Functional Groups
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Peak wavenumber

Functional groups

(cm™)
1500-1650 Secondary amide group
1690-1710 Carboxylic acid carbonyl stretching
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1780 Anhydride carbonyl stretching
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Table 4. Mechanical Properties of PA6/CNF, and PP-g-MAH
Composites

Tensile strength Flexural strength

Sample

(MPa) (MPa)

Neat PA6/CNF only 51.4 76.0
PP-g-MAH 1 62.4 90.3
PP-g-MAH 3 62.5 92.1
PP-g-MAH 5 62.2 88.2

70 100
- Tensile strength (MPa)
—&~ Flexural strength (MPa)
— T N o
Y — TR Lo &
= e e =
= T
£ Vi £
g’ 60 __x/).// E
0 i [
E P 5 T
: a4 3
= « / ic
o
50 T T T T 70
0 1 3 5

Content of compatibilizer (phr)

Figure 3. Tensile and flexural strength as function of PP-g-MAH
content in PA6/CNF composites.
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Table 5. Mechanical Properties of Composites According to
Compatibilizers with Amine Groups

Sample Tensile strength  Flexural strength
(Added compatibilizer) (MPa) (MPa)
PP-g-N1 71.7 96.7
PP-g-N2 86.3 100.2
PP-g-N3 71.1 89.9
PP-g-N4 57.7 80.0
120 -120
—a—Tensile strength (MPa)
—a— Flexural strength (MPa)
100 . - 100 —
g = g g
= g e <
£ ey g £
E, 80 , y !_'/'/ \\\\ g | 80 g
£ o F N kg
@ Fd b ]
= ; <
E 60 - '/’/ \\\. L 60 é
./
40 T T T T T 40
wio N1 N2 N3 N4

Compatibilizer for each amine type

Figure 4. Tensile strength and flexural strength of PA6/CNF com-
posites without a compatibilizer and with aminated PP-g-MAHs.
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Figure 5. X-ray 3D CT image of (a) neat PA6/CNF; (b) PP-g-MAH 1 phr; (c) PP-g-MAH 3 phr; (d) PP-g-MAH 5 phr; (e) PP-g-N1 3 phr;
(f) PP-g-N2 3 phr; (g) PP-g-N3 3phr; (h) PP-g-N4 3 phr in PA6/CNF composite.
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