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2. zinc oxide nanoparticle
3. Cationic polyacrylamide
4. polycaprolactone
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Fig 1 The structure of rod like cellulose nanocrystals made of cellulose fibers by acidic hydrolysis
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5. Field Emission Scanning Electron Microscopy
6. Fourier transform infrared spectroscopy
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Fig 3 FESEM images of the microstructure and surfaces of the coated papers whit PCL 10% - ZnO 3% (a), PCL
10% - NCC 6% (b), PCL 10% - NCC 6% - ZnO 3% (c)

Fig 4 FESEM images of the microstructure and surfaces of the treated papers whit ZnO 3% (a), NCC 6% (b),
NCC 6% - ZnO 3% (c)
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Fig 5 Infrared spectroscopy of the blank papers, treated papers with NCC 6% - ZnO 3% and coated papers with
PCL 10% - NCC 6% - ZnO 3%
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Table 1 Basis weight values of the blank, coated and treated papers with different percentages of the

materials.
Basis weight (g/m’
Treatments levels asis weight (g/m’)
coated papers *Treated papers
Blank 117/14+ 0/04° 117/14+ 0/04F
PCL 10% - ZnO 3% 118/36+0/02 ¢ 119/66+0/02 ¢
PCL 10% - NCC 4% 119/17+0/06¢ 120/04+0/06 ¢
PCL 10% - NCC 6% 120/27+0/02 ¢ 120/21+£0/04 ¢
PCL 10% - NCC 4% - ZnO 3% 122/5+0/1° 121/02+0/06 °
PCL 10% - NCC 6% - ZnO 3% 123/08+ 0/02* 121/84+ 0/04?

% Absence of PCL

v
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Fig 6 Water absorption values (Cobb test) the blank paper and coated papers with different percentages of

coating materials
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Fig 7 Water absorption values (Cobb test) the blank paper and treated papers with nanomaterials
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Fig 8 Air resistance values of the blank paper and coated papers with different percentages of coating materials

600 -

500

400

Air resistance (3)

a
b
d <
f e
300 4
200 -
100
D -
% = I b (5 <L
o o, pe ] pt f T

o a_ LT

= - =
s
e .

Treatmemnts levels P e

Fig 9 Air resistance values of the blank paper and treated papers with nanomaterials
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In this study, the effect of various treatments with cellulose nanocrystals (NCC) and ZnO during
papermaking and coating with these nanomaterials and polycaprolactone (PCL) on the barrier
properties of the papers was investigated. The samples were studied by field Emission Scanning
Electron Microscope (FESEM) and X-Ray diffraction (XRD) devices. In this research the
nanomaterials and the polymer with specified condition (4%, 6% NCC, 3% ZnO and 10% PCL) were
added to the paper pulps during the papermaking and also as a coating agent. Cationic polyacrylamide
used as a nanomaterials retention aid in the papermaking process. the results showed the barrier
properties (water absorption, air permeability and grease absorption) of the treated papers were
improved but the effect of NCC% increment was more clear in the enhancement of the barrier
properties and the treated papers with the nanomaterials mixture had the best barrier properties.
furthermore the barrier properties of the coated papers were enhanced with the nanomaterials addition
and the NCC nanoparticles had the main role, also the mixture of nanomaterials and PCL had the best
barrier properties. Also, the barrier properties of the coated papers were higher than the treated papers.
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