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2. zinc oxide nanoparticle
3. Cationic polyacrylamide
4. polycaprolactone
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1. nanocrystalline cellulose
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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)

54 5 NCC S ims slaes S Sais @ by e
L s s e gy [TY] ol ol enls o oo
Al G e s s e NV cm’ ERAAK cm’
Fshe 53 C-0-C ot Suis 5 CHy glaes S
C=C Sslos,l ail & by e Y000 cm Sy sl e
i sadsbe el il s iy skee PCL
sdias 0L oS Lxils VWP O s Lasie Ky as
[Fe] Wit s PCL 5 C=0 oS glaes S 555
NCC L 6lBav 5 65 glacaS 5 53 oSy pl izean
ol 48 sl s cpl 4 Kl e &S dewy Jlas 4 6%

a1

4 JdS b Fegp e b Y-Y

(FTIR)
va.. cm’ FRREE em’ L 53 Sy 30 K8 ilas
B3 G w1 bl Ol e 6 das e 0L
gvaem’ Ky el b C-H 5 C-O glaes S
C-H Gl ons glal slaos § 53 5 oS oo
vorr cm’ G yior cm oz e b il NCC s
Sles S oy S 4 sk sl Sl edas Ol
¥ em’! aki s s S ile OF S5


http://dx.doi.org/10.52547/fsct.17.107.91
https://fsct.modares.ac.ir/article-7-35935-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-15 ]

[ DOI: 10.52547/fsct.17.107.91 ]

Y44 L) NV 092 Ny n)l.q.:r

DOI 10.29252/fsct.17.10.08

oM mlo 5 psle

&:.; W Dﬂi] Js..lrl.:t;c Jels BLl CH3 jCHz LSLA"J;
5l e C-H Sl 555 Jds 4V ton cm’ BE

[N &S o paseia |y Joh 05 b S

9 o3ls &5') VJ: L: L.;Q: U:”';Jﬁ }‘}A 9 4...9\.1 U‘:’AS J‘-’}’*—l
e’ s s se Gy ¥O STE] Wles S L Lse

e s S 4 b Klg e Vg0e cm’ o, v

Transmittance (a.u)

Pcl10% -

NCC 6% -ZnO 3%

blank

-ZnO 3%

1050

3950 3400 2850

1750 1200 650

Wave number (cm)

Fig S 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

coated papers *Treated papers

Blank 117/14+ 0/04 " 117/14+ 0/04 "

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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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.

Keywords: Polycaprolactone, Cellulose nanocrystals, ZnO, Packaging, Biodegradable polymer.
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