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Abstract

Cellulose nanofibers (CNFs) are structures similar to carbon nanotubes (CNTs) that have a diameter of less than 100 nm and length greater than a few μm. CNFs have attracted significant attention as materials that can enhance the mechanical properties of polymers. CNFs can easily form hydrogen bonds between CNFs because of the many hydroxyl groups on the surface of a CNF; therefore, in many cases, hydrophilic CNF agglomerates with diameters greater than 10 μm remain in a composite when compounded with hydrophobic polymers. We can success in preparing the dry powders of CNFs by coating hydrophobizing agent on and special drying. The CNFs are easily dispersed in a polypropylene(PP) matrix by melt-compounding with using a twin-screw extruder. Figure 1 shows optical microscope images at a 100 × and 1000×　magnification of PP filled with 5 wt% CNFs by melt-compounding with using a twin-screw extruder. Because no agglomerates of CNFs with diameters greater than 10 μm can be found in the composite, it can be inferred that the CNFs are homogeneously dispersed within the PP matrix. Figure 2 shows stress-strain (S-S) curves of PP filled with 10wt%CNFs. We will discussed mainly the mechanism of toughing PP by nanoscale fillers such as CNFs and nano-talc in this presentation. 
1.
Introduction
Cellulose nanofibers (CNF) have properties such as high strength, high rigidity, low coefficient of linear expansion, and are expected to be utilized in various fields. CNF is obtained by nanonization of cellulose, which is a component forming the skeleton of plants, contains many hydroxyl groups and, is a hydrophilic material. CNF can be uniformly dispersed in water, but when combined with a hydrophobic polymer, they strongly aggregate to form large coagulates within the polymer. To prevent this phenomenon, various methods have been examined such as the chemical modification of a part of hydroxyl groups or addition of a dispersant having hydrophobic groups. However, even with these methods, it is necessary to remove a large amount of contained moisture when mixing with the polymer. Since the CNF composite manufacturing process is complicated when compared to the process of manufacturing ordinary filled composites including talc, calcium carbonate, short glass or carbon fibers, etc., it is strongly desirable that the composite is manufactured by a process similar to the one practiced for general fillers. We succeeded in developing CNF and CNC that can be efficiently dispersed by biaxial kneading in thermoplastic polymers such as PP (polypropylene), HDPE, PA6, PA12 etc., using a dry powder of CNF and crystalline cellulose nanofiber (CNC) dried to a moisture content of 3 wt% or less. This CNF and CNC dry powder was prepared, after having found a hydrophobizing agent of high affinity with cellulose, by uniformly mixing this hydrophobizing agent in the slurry, and drying at a predetermined drying speed. In the present paper, we report on the results of examining the effect of fiber length on the tensile properties of PP composites of CNF and CNC dry powders developed this time. Furthermore, it has been demonstrated that the strength and the elongation at break are better in low-filled CNF composite than in PP, thus, PP can be toughened by the nanofibers.
[image: image1.png]Table 1 Recipe of CNF and CNC composites.
s |

Matrix polymer

Interface Formation &
Dispersant

CNF
CNC

Coating material on CNF &
CNC

‘Thermal stabilizer and
Lubricants.

Polypropylene  SunAllomer Co., Ltd.
Maleic anhydride-modified Polypropylene
Sanyo Chemical Industry UMEX 1001

Trial Product SUGINO MACHINE LIMITED
Fiber diameter 20 nm, Length I yum and 10 ym or above

Microcrystal cellulous(trail product) AsahiKASEI Co., Ltd.
Fiber diameter 20 nm, Length from 200 to 500 nm

Hydrophobic agent(HA)

IrganoxB225(Toyotsu Chemiplas Co. Ltd and Calcium
Stearate (Wako Pure Chemical Industries Co. Ltd)



2.
Experimental 
In the CNF and CNC composites the materials shown in Table 1 were used. The filling amount of CNF and CNC was 1 to 15%. Maleic acid modified PP (MAh-PP) was added at 20 to 100 wt% with respect to CNF. Two types of CNF, with a fiber diameter of 20 nm, having fiber length of 1 μm (CNF-Short) and 10 μm or more (CNF-Standard) were used. CNC used had a fiber diameter of 20 nm and a fiber length of 200 to 500 nm. For melt compounding of the composite, a small twin screw extruder (Xplore instruments) was used. Compounding was performed for 10 minutes under the conditions of a set temperature of 200°C and a screw rotation speed of 130 rpm. The test piece was prepared using a small injection molding machine (Xplore instruments). Injection molding was carried out at an injection pressure of 14 MPa. The specimen shape was in conformity with ASTM D638 Standard Type-1.  Pellets of the composite prepared in the small twin screw extruder were formed into a film having a thickness of about 100 m by a hot press machine (Imoto Seisakusho Co., Ltd.), and evaluated for the dispersion state of CNF and CNC with transmitted light using a digital microscope VH5500 (Keyence). The tensile test was carried out using a precision universal testing machine Autograph AG-Xplus type (Shimadzu Seisakusho Co.). The crosshead speed was set to 10, 20 and 50 mm/min. The stress was a value obtained by dividing the load by the initial cross-sectional area, and the strain was the value obtained by dividing the cross head displacement by the gauge length.
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Fig. 2 S-S curves of CNF and

CNC composites




3. 
Results and Discussion
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Fig. 3 Toughning PP by CNFs



    igure 1 shows the results of microscopic observation of samples filled with 5 wt% of CNF and CNC in PP, respectively. Owing to the melt compounding by the Twin screw extruder, CNF and CNC were well dispersed without the presence of large aggregates of 1 (m or more.  Figure 2 shows the S-S curves of PP filled with 1 wt% and 3 wt% of CNF-Short (diameter 20 nm, length 1 (m), CNF-Standard (diameter 20 nm, length 10 (m) and CNC (diameter 20 nm, length 200 to 500 nm), respectively.  In CNF-Short and CNF-Standard filled samples with 1 wt% content, the elongation at break was higher than that of PP; the CNC filled sample had the same elongation as PP. The elongation at break decreased with the increase in filling amount and, at 3 wt%, the elongation of CNF-Standard filled sample was the smallest. At 5 wt% content the elongation at break decreased to about half of that of PP and, at 10 wt% or more, it decreased remarkably to 100% or less. It was found that CNF having a long fiber length greatly improves the elongation at break of PP at a low extent of filling of 1 wt%. Furthermore, the S-S curve of the CNF-Standard 1 wt% filled sample with MAh-PP of which addition amount was optimized for CNF is shown in Figure 3. It was revealed that PP was toughened by filling with CNF. We believe that the dispersion structure of CNF, the interface formation of MAh-PP and the change in the higher-order structure of PP have an impact on the toughness of PP, and we are currently working on elucidating the relevant mechanism.
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4.
Conclusion
   (1) Composites obtained by kneading dry powder of CNF and CNC to PP with a biaxial extruder contained no aggregates of 1 (m or larger, and the dispersibility of CNF and CNC was good.
(2) When the filling amount was 2 wt% or less, the CNF with long fiber length produced larger elongation at break than that of PP; when the filling amount was 3 wt% or more, the elongation at break of the composite decreased, and better elongation at break was found in the case of short fiber length. 
(3) The composite filled with 1 wt% of CNF was superior to PP in strength and elongation at break that demonstrates toughening of PP. In the future, we intend to clarify the mechanism of toughening.
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