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Fig 2 SEM micrographs of the surface of SA-based
nanocomposite films: (A) SA, (B) SA—clay 1%, (C)
SA—clay 3%, and (D) SA—clay 5%.
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Fig 3 Tensile strength (A), Young’s modulus (B) and
elongation at break (C) of alginate-based
nanocomposite films.



\Y’q-\ J\)JA ¢\2 692 4-\-\ a)l.o.‘;

L;U..&« @W}f}lﬁ

sl mlS apd e My slagds ol o3 el ials
3 V] oy —0l S i o5l 5l slaghs 3550 13
FOW PRSI Sy

u»w 4._1}‘)' -y

slgp Shgd et Oy & Sl parls OF el sl
Lo mot] S oatla 5 das e 0L 1) sy ae
L sl gole a5 ey A e 3lse 552 K
asly olle b e Jals i el asly Olpe Oles
Oljen ol 0 0315 LIS Y T 3 ilisen glapld poles
055550 b aS es g am s VY/FY Sl sl Glaeks als sl
Al a3 0V ks Olpee cpl o3 0 mhan By 1340
Sl Lol o33 50 Olsme Sl 9l b el augly j2alS il
53 el ks @ il s Slist ENPR I
Duman ; Tunc  ias3 5l Jol- EE b Sl G
s calas [VV]

28 25 9 S, 9aS -V-Y

Clid Ol 3l et Olpe 4 Llg e aekd oS
Olses a2 a5 Sz s 2,5 13 bl 255 bapld
S5 sbeakd cilid el eas Ol 55, VL oS
Vodsir s e glagks osas nslae [Yo] b
Slydel Osyl &S das olas @u el ol esls OLES
ot alls Sl Glanks 53 DS il Sel )
Osr &S 35 Olge b oy, o s sl
Jsles 53 dlg as 10 tzes ST 5103wy Sl3sk
Sl pall ey 4 D3 opl 035580 55l 51 pd = o
©oars LI NS e s glapdks o585l
S8 a0l o a8 5 Glankd 53 5SSl
oo polie ¥ st ol wil S el ool Cdlis oS
il glads s sl Sl s pals Sl T glapks L5
sgd o sdalin oS jshilen das e OLES 5o |y ey 35l
038 Ol do 3 0 mlans ) Ol 51 ey L350 21 L
5 ol Gl Al (ol s A S glads s
o Al Sl Yo B Y glazge sk e s
AP s o S3SE peam Sl AU WS e 55 Jele

v

WVP) g.abl:iq G S ‘5ﬁ.:\.;5‘9.55 —-{-Y
Q]).:.A aS JAJL;A g_)L\-vJ CLL’Q RGOV PSS USRS QLL_a \ J).\}
bl palls glagks s Olbu 4 o s pdidsi
Lo ens (700 x WISl x 7 e x oS ) YL Ol
05 BB YV 4 Ol ol Aoy 0wl By 56 SRl
s IS sk C3L el (Ve x ‘_JKMLT x '~
Slpkd ek laes 3 Casd] Glaes S s
Pl o oS Sl bk ol ol e Sl S
V'L*'é 4 oy 30 Os8l as e 0L 5 ;_;Dl;'u.
slapks 53 WVP e o ws o @l ol

j;'.AX

Sl old 4 ol Ao VY Y Ol w5508 50
@ s SG1 s 4 ey D550 e L sl sl
S 03,8 bl Sl e 53 1 e LA 358 Ol
o 5 g e U ssde s pme Sl e cnl
Ll byadh 4 oy S350 O350 cpl by S b
orlpd Sl iy s Wl (Saulssl ool (sl el
odalie 55 b )_i..; S pass 5l el GL:J 53 Ly
Doy a]uss

3 B e i 07

W5 e Slosar 5 S T o bagld w8 Ol
Ol bl cnl & o ik o i 50 s laghd
S Sl 3lge 5> O 4 Sl agdd Caglie Ol skias
Vodsdr VY] Ll LS b e slaessl s s Laghs
Olgen & D3l lapks O 53 S Ol5 &5 da e 0L
Aoy3 0l B oy S350 G558 L 5 s A AO/NO
S salen ol Wl A dwns OVFY 4 Olge ol
ol o Sy D30 03558 a3 558 e edalie
A Glaekd 4 cod Aoy 0 st-oly T gl
“ o SNy onl s 53 ks Ol ralS A s Y ]
m 03558 ey e Sl 3L By aS s S Olge Ol
SL S a5 oldas D3 50 YL Be ol s a4 s
Pl el a5 Bl L0 ey lae iy 5 0,350
Sl e 5o el ol [0] 305 0 5 slagks zin



Table 1 Thickness (mm), Water solubility, Water vapor permeability and Water contact angle of alginate-
based nanocomposite films.

Films Thickness (mm) Water solubility Water vapor permeability Water contact angle
SA 51+ 0.003 85.16 = 1.17° 2.64 £0.13° 72.37 £2.3°
SA-Clay 1% 51 +£0.004 75.77 +3.25° 2.28+0.17" 64.97 +0.9°
SA-Clay 3% 52 +0.004 59.02 +3.15° 2.15+0.11%" 61.1+1.8"
SA-Clay 5% 53 +0.005 51.32+2.16° 2.07 +0.09° 56.6 +2.32°

Different letters in the same column correspond to statistically different samples for a 95% confidence level.

Table 2 % Transmittance and opacity of alginate-based nanocomposite films.

Films Wavelength (nm) Opacity
200 300 400 500 600 700 800
SA 16.59 20.77 39.60 49.01 51.43 53.88 55.15 5.69 £0.37°
SA-Clay 1% 14.62 18.66 36.55 45.35 47.72 49.37 50.54 6.04 +£0.26°
SA-Clay 3% 13.02 16.37 30.06 38.57 40.95 42.86 44.92 7.08 +0.45°
SA-Clay 5% 12.39 15.80 29.42 37.01 38.45 42.17 43.50 7.11 +0.45°

Different letters in the same column correspond to statistically different samples for a 95% confidence level.

Table 3 Surface colour parameters of alginate-based nanocomposite films.

Films L* a* b* AE Wi
SA 88.86+0.73"  -2.69 % 0.08" 6.82 + 1.15° 8.65+0.56"  86.50 +0.08"
SA-Clay 1% 89.38 £0.05°  -3.19+0.04° 7.74+0.07* 9.1 +0.82° 86.66 + 0.65
SA-Clay 3% 89.38+0.03*  -32+0.15 7.67 +0.16° 9.7 +0.15 86.51 £ 0.12°
SA-Clay 5% 89.27£0.13°  -3.03 £0.04° 7.22 +0.09° 8.75+0.11"  86.71+0.16"

Different letters in the same column correspond to statistically different samples for a 95% confidence level.
Montmorillonte (MMT), Colour difference (4E) and Whiteness index (WI).
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Due to problems caused by petroleum-based packaging materials, biopolymers and their biodegradable
films have received great attention all over the world in the last two decades. But the use of biopolymers
films in food packaging due to their inherent water sensitivity and poor mechanical properties has been
limited. A novel practical way for improving the properties of natural biopolymer films is the formation
of nanocomposites. Thus, the main objectives of this study were to prepare alginate/clay nanocomposite
films and to investigate the effect of montmorillonite concentrations on the properties of the prepared
alginate-based nanocomposite films. A bio-based nanocomposite was developed by incorporation of clay
nanoparticles (MMT) into alginate biopolymer using the solution casting method. The effect of MMT
loading content (1, 3 and 5 wt%) on mechanical properties, color , water solubility, water vapor
permeability, XRD and SEM of the nanocomposites were evaluated. Results showed that increasing the
MMT content to 3% have improved the tensile strength and water vapor permeability of the
nanocomposites up to 14% and 21%, respectively. The water solubility value of the nanocomposite films
decreased about 30% compared to pure alginate films. Results of X-ray diffraction (XRD) revealed well
developed exfoliated nanocomposite films especially at low level of nanoclay addition. Properties of
alginate films are greatly influenced by the content of the clay nanoparticles and the films containing 3%
clay nanoparticles showed the best physical and mechanical properties.
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