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2. Montmorillonite
3. Titanium dioxide
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4. Nanocore
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Table 1 Composition of fabricated films.
CMC (g/100 Nanoclay TiO, (g/100
Film ml distilled (g/100 ml ml distilled
water) distilled water) water)
CMC 1.5 0 0
CMC +1 % MMT 1.5 0.015 0
CMC + 3 % MMT 1.5 0.045 0
CMC + 5 % MMT 1.5 0.075 0
CMC + 5 % MMT + 1% TiO, 1.5 0.075 0.015
CMC + 5 % MMT + 3% TiO, 1.5 0.075 0.045
CMC + 5 % MMT + 5% TiO, 1.5 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
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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 %)
1.1610.065° 27.75+4.76°
1.243+0.024% 30.00+0.17°
1.239+0.009 31.67+2.12°
1.216+0.017% 29.6242.90°
1.253+0.022° 28.7440.29°
1.234+0.076™ 29.76+2.38°
1.259+0.042° 29.20+2.58°

*Means with different letters within a column indicate significant differences (p > 0.05).

J58) il s BB slie )l pme BV o
cbhle 51 b Olgea EB jlais MMT o5 5 wlol b (Y
B sl idS s 5670 ol (b 5o a5k 5 5
G 7Y Slaie aTiO, @l3 st osyl sl Olas jmals /Y
SIEB ws v 5038 O |, MMT e 36 (o550
Ti0; cble ous sby L oawll e, ZYO/A & 7YYA
Slapks EB jltie &5 lr b il (2alS ojlss (5 pdy tiS

By S IYE dals (L L aslis s TiO, /0 5>~

A

- /~

Sl gla S5 - t-Y
ol Aol felge ol js 1de 5l cblis= Jstae (gdiuatay
e S sl S Glaphd SO i
(S Sde s 1 i Lis s LOT &S A sl
G Slased b oS Sl Gl e oSl )
i B J b sbsjlosls OLas Lagg S0l @L:.} s 8 s
55 CMC r@;\ﬂsugﬁ;ﬂls,;u wa 3 (EB) cLs



oS 55 Sh et S 5eS 5L s Shy Loyl s 8

Sals iz s ST o e

5ol bl iy ey sel 5t aes UTS Sl
sl 3 iy Sl ise sbe MMT o ghls (Ls UTS
o ol UTS oy (TIONN ol ol ra) baaiged
Losgodd Sl 18 Ly Ol & CMC (s & o
UTS Jlie 5 ot cimis (s TiO2 350 0as 5505
Ad S MMT e 5 Y (sl slaphs o5 s s ol
o155 YM e 55 UTS wlin (s 55 YM o 4,
10 sl geldYM 5 end iy MMT clle il
MMT 73 shls gbads gas S5l iy (suls ome ssbas o) 50
Olpe 3 TIO2 sl lacs sS4l 55 5y dald
Al Sl i S Rk b YM
10 o= ok s CMC (L b jomss) o5 ne g SOU
e 4 g D L EB (28 5 0 2t 5 « MMT
3> ol b 0 UTS Jlde i 5 eS8
D5 4 g

45
40
35
30 ab ab

25

Young’'s modulus (MPa)

20

15

Nanocomposite

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/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 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),
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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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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