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4- Bacterial cellulose
5- Aspect ratio
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2- Dynamic Light Scattering
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Figure 1. Surface load of Ag nanoparticle on DSL test.

1- Dynamic Light Spectroscopy

Ao



VYA (3) 2)lond dT) s JSix 5 g2 (5908 9 oole (o sig sy & pabd

St )i

Dimensional Distribution

Peak intensity
(L) S was

(nm) .1
Size (nm)

DLS 05051 31 e3linal b (530l 3 5less 51 5 0,8 Slp3 salal gl —Y JS2
Figure 2. Dimensional distribution of Ag particles before ultrasonic treatment by DSL test.
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Figure 3. Dimensional distribution of Ag particles after ultrasonic treatment by DSL test.
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Figure 4. Dimensional distribution of treated cellulose nanofibrilated by Ag nanoparticles by DSL test.
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Figure 5. FESEM images of treated paper by NFC/Ag nanoparticle composite (15% w/w) and Ag consumption
of 5 ppm.
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Figure 6. FESEM images of treated paper by NFC/Ag nanoparticle composite (15% w/w) and Ag consumption
of 10 ppm.
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Figure 7. Ag Nanoparticles FTIR spectrum (13, 14).
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Figure 8. FTIR spectrum of (A) treated paper by cellulose nanofibrilared (B) treated paper by NFC/Ag

nanoparticle composite.
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Figure 13. Density variation in treated paper by NFC and NFC/Ag nanocomposite.
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Figure 14. Air resistance in paper treated by NFC and NFC/Ag nanocomposite.
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Figure 15. Burst index in treated paper by NFC and NFC/Ag nanocomposite.
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Figure 16. Tear index in treated paper by NFC and NFC/Ag nanocomposite.
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Figure 17. Opacity in treated paper by NFC and NFC/Ag nanocomposite.
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Figure 18. Brightness in treated paper by NFC and NFC/Ag nanocomposite.
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Abstract
Background and Objectives: The aim of this study was to produce NFC/Ag nanocomposites
for improving the mechanical and antibacterial paper properties.

Materials and Methodes: Silver nanoparticles was reduced on nanofibrillated cellulose at the
level of 5 and 10 ppm by NaBH, then nanocomposite NFC /Ag at 5, 10, 15% w/w was used to
improve mechanical and antibacterial paper properties.

Results: The results showed that the density and burst index of the treated paper with Ag
nanoparticles increased. Also, the brightness of treated paper with nanocomposite NFC /Ag
decreased and opacity index increased. Antibacterial properties investigated against gram
negative (E. colie) and gram positive (S. aureus) bacteria. The results showed that low amounts
of silver in the treated paper inhibited bacterial growth.

Conclusion: The results show that the NFC / Ag Nanocomposite antibacterial properties were
higher than NFC film treated with Ag nanoparticles by immersion method because of the Ag
nanoparticle deposited on the NFC.

Keywords: Nanofibrillated cellulose, silver nanoparticles, Antibacterial properties, Mechanical
properties, Optical properties
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