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2. Montmorillonite
3. Titanium dioxide
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1. Carboxymethylcellulose
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4. Nanocore
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Table 1 Composition of fabricated films.
CMC (g/100 Nanoclay TiO, (/100
Film ml distilled (g/100 ml ml distilled
water) distilled water) water)
CMC 15 0 0
CMC + 1 % MMT 15 0.015 0
CMC + 3 % MMT 15 0.045 0
CMC + 5 % MMT 15 0.075 0
CMC + 5 % MMT + 1% TiO, 15 0.075 0.015
CMC + 5 % MMT + 3% TiO, 15 0.075 0.045
CMC + 5 % MMT + 5% TiO, 15 0.075 0.075
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5. Ultimate tensile strength
6. Elongation at break (%)
7. Young's modulus
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Fig 1 Moisture uptake of CMC (A), CMC/MMT 1%
wt (B), CMC/MMT 3% wt (C), CMC/MMT 5% wt
(D), CMC/MMT 5% wt/TiO, 1% wt (E), CMC/MMT
5% wt/TiO, 3% wt (F), and CMC/MMT 5% wt/ TiO,
5% wt (G) nanocomposite films.
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8. Scanning electron microscopy


https://fsct.modares.ac.ir/article-7-20152-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-02 ]

VYAV OLT V0 6505 AY ol

V'L:é PL o o
(ajf VATN=V/Y04 als 55 ol A 55 (slacy 5 508 650 areils
sdalin a5 QL\%L&.A (Y J}b) Sl )\‘)—5 g_,\a.{,a J.:.Q.::JL.N 2
Doy dald (s andls Hlake ey D380 s sl
A TiO; oas 4l L odelsl 5ol po il 31 (guls pae o
O3 g st Y=l ol MMT gl sladyos b (55
RAAE r.l:.a sl ple baslie 53 ey O3 6k anadls
Lo 5pelS SU anils O350 JVL ol oDl 3 A1)
a0l bl 035 SaST e 51 (S CMC Gl w oo
oSl JS 3 dns e a3l S S S sl Gl s
)yy@\f}cﬁ@ﬁbw&@fuwjo“ﬁr@
338 iy 5 5alS b annls JHI5 4 a5 038 15 00 5o
Sy Cadly ol sl AL 50 T10;7 g5~ LSLAV‘L:; sl A
S50 s g 5 amil SalS baols sl canils 5031 L

AL O e 51 il e 38 5 OF Sl 1y 3

Casb) sl g YT
sdd Jlal IS b e &8l gl sk lae
Ol o oK Jblagy oo Lol sdsSse bus
A Slsgar (o Bl oS Sagby AR
Slie s 13 3t cou |y SO 5 Sl Slo s
D3 AYYNO-YAAY awls 55 CMC wl slapks ok,
s MMT 360 055580 31 s aSol b (Y Jsd) csls
ol byl 5 cugh, ke CMC (s« TIO,
Ol 503905 3 gme odd sl V| Jg 3 Sy S5
OLer 5 (J gy onl e oy casie Wy, W6
el oSsn ok 03 TIO2 jpam ds S dalie (Y4)))
oo, VAT 8 Lok Cosby Slie (latal (ol
Sde Jials cow TIOg wldlae =5 55 ol Guiss

[Yf, jYY]Cﬂ.ﬂ\ ol LAV.L:.% C,\.:}la)

Table 2 Density and moisture content of CMC and CMC-based nanocomposite films*.

Film sample

CMC
CMC+MMT 1%
CMC+MMT 3%
CMC+MMT 5%

CMC+MMT 5%+ TiO2 1%
CMC+MMT 5%+ TiO2 3%
CMC+MMT 5%+ TiO2 5%

Density (g/cm’)  Moisture content (w.b %)
1.161+0.065° 27.75+4.76°
1.243+0.024% 30.00+0.17°
1.239+0.009® 31.67+2.12°
1.216+0.017% 29.62+2.90°
1.253+0.022° 28.74+0.29°
1.234+0.076™ 29.76+2.38°
1.259+0.042° 29.2042.58"

*Means with different letters within a column indicate significant differences (p > 0.05).
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Fig 4 Young’s modulus of CMC (A), CMC/MMT
1% wt (B), CMC/MMT 3% wt (C), CMC/MMT 5%
wt (D), CMC/MMT 5% wt/TiO, 1% wt (E),
CMC/MMT 5% wt/TiO, 3% wt (F), and CMC/MMT
5% wt/ TiO, 5% wt (G) nanocomposite films.
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Fig 2 Elongation at break of CMC (A), CMC/MMT
1% wt (B), CMC/MMT 3% wt (C), CMC/MMT 5%
wt (D), CMC/MMT 5% wt/Ti0, 1% wt (E),
CMC/MMT 5% wt/TiO; 3% wt (F), and CMC/MMT
5% wt/ TiO, 5% wt (G) nanocomposite films.
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Fig 3 Ultimate tensile strength of CMC (A),
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In this research, carboxymethyl cellulose (CMC)-based nanocomposite films containing montmorillonite
(MMT) (1, 3 and 5% wt) were fabricated via casting method.Then, hybrid nanocomposites were prepared
by loading dioxide titanium (TiO;) (1, 3 and 5% wt) nanoparticles (NPs) into nanocomposites containing
5% MMT. Moisture content, density, moisture uptake and mechanical properties of the produced films
were determined. Also, surface morphology of the nanocompositeswere measured by scanning electron
microscopy (SEM).The obtained results indicated that addition of NPs resulted in slightly increase of the
films moisture content, and the production of denser samples. Incorporation of 5% MMT decreased
moisture uptake of the nanocomposites up to 30%; this decreasing trend was maintained with TiO,
loading. The nanoclays enhanced ultimate tensile strength (UTS) and Young's modulus (YM) of the films
at the expense of elongation at break. Addition of TiO, into MMT-loaded nanocomposites caused to
structural weakening and diminishing UTS and YM. SEM micrographs showed well-dispersed MMT and
TiO,NPs through the films surface especially at low concentrations. In conclusion, although the films
loaded with nanoclays exhibited better properties than the control film, inclusion of TiO, improved the
functional characteristics of them and extended the potential as a biodegradable packaging.

Keywords: Nanocomposite, Biodegradability, Packaging; Dioxide titanium, Carboxymethylcellulose.
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