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1 Water Vapor Transmission Rate
2 Water Vapor Permeability



03]~ 9398 No)lad MY ol I als g pale slesdaagy wpid VY

S

yasc

—_—
—_—
—_— N
—_— e

— ieus|

— 0

—
— i

— 10 [

—
—_—

—

— O

— R
—

— N

—_— i
—

—

—0

—t
—

LIS

Yeoo

o -

(=)

Veeoo

(e sl (waSas) (sorae Sas

— )

—
—
— o
— W

— ovus |

— T

— TR

—_—
— VUL

—

—

—miot

— e
—

oo

[

28

.
L4

el 750 ()

q
<

\&--

Y&--

(o il (uaSine) (oo ae das

— R
—_—

— e

T
a .
L4 «

el #H()

Ad

AL-E

GResBlw (aSas) (sorae Sos

—_—

—

— O

— 80

— NS
— TR

—
— T

— WO

— U
—

—_—
— T
—_— T

—_—
— O

A (- X

(GRasBlw aSae) (s ae Sas

8- -

ol 5 ()

Yo

AR

Yeoo

75 o ) IS5

I

U g oA VS 5 LiT L (@) ol 3o

v

o EBCa jonls

%0 (d) 9 %Y (c) ¢ ¥ (b) slacdals 3

o9l Fi9



VYV bl B S59 o3 2 2 ov) oo 3ol Olyd gl cdalé 36 anllla

St olss
9 (Sl ol oy jorelsil 5k slaansiie I (S
i Gl b 5 At Jodo o S plSovinl Ju ;I assly
A5)ke a5 WIS o 48l iy jarelS gl iiS plSoinl p eS8
Al ) ok pmple 9 o) SB O3 5 G iSen o 3l
Alipour et ) o, S1s @l gL doyd (puored g CujamelS g1l
Gildas CoyjanlSal slaplid i, S i Joxie J(al., 2011
SSb Jgdo g o sdaliiie 45 jolailon il o ¥ S
70 Jlain! maiw )3 (gl gme MBS osddngs (slacy jomelS il
DA SV sl obd & Copu o 28050 o 55
G5 3l Jols ol 5l aS) cawl 4l il JSKwbKe A dqie
U et &S Cunl jods 5 SlOY @ bgrye « SOL Jodo i3l
g i 45 1S o Jos sl olsin 5 43,5 )5 o5
9 038y (et (SMar 9 w3l (595 Sbl S g 0ad o9l
VU plito s & i |y 500 > 23800m i sosl
L wled o ol il ases 3 5 gl slaclSdw
=il s el 95U 30 dtpmsio¥! Jgdo yinl38l 0l Cons yeuls

Kim ) cul oas (5,155 ol SKighy plo lawes )9l /euVLd 5
et al., 2007; Veiga Barbosa & Machado Viana, 2010;
.(Scaffaro et al., 2011; Ghanbari et al., 2013

oS Ll b el @l 55 SI-O-Si slaion 3939
0392 Cugy JB yia ilo (gSan ADe—Re v (290 D 03910 5
T 5 Y TN ol CorslS gl dn cumus Lalls PET o oS
OhlbSen 9 (S 035 (ngy—)  Cl glite ygils
L 55 9 ;I (Pavlidoua & Papaspyridesb, 2008)¥4)
YAS «=YAA+ 0350 )3 D9 390 S Gdd 4y oyl 13438
LSl o byye Sy ol 2950 039381 yia b (pogSna
oo ol 53 0a ealaiwl eyl el C-H s ilS
2 G Gili 8l aS Canl o Mol paigel Juie (65 L (15CA)
b s 5 o228 L)l 4 plgoe |y 398 @ge s 0394
Lge pol (pl aS 5l cuws CH3 5 CHy (slaog )5 45 34250 C-H
Pavlidoua & ) el o,9 w3 JouSUl 0y 9>
Sb oad j Liels . (Papaspyridesb, 2008; Brezinski, 1991
0L (9578 L &S e Lo (oS YYT+ 03gi0te 53 39290
=095 L O-H (Josle 1y slabign 13 (il o 4 0ud Jol>
PET & cowi sl (gl CujarlSsil ;o C-H 4 C=0 s>
o9 (Pavlidoua & Papaspyridesb, 2008)ccwl L2l
L 4 dey oo plaidy g 0392 JeuSg)hem (idaw slaog S (sl
L s (slasises (ill s Wog S ul PET & o 3958l
AL PET 0,20 53 JouS 928 9 S g5 (2ol (slaog S
5 995U e BaSen ol 3Loul FTIR 5l ol gubs 3,5
Ol |y el gl lisbo (3390 JiSuts aoxs 3 9 alls PET
9 PET JgSgeg)Sho oy Sigmy S5 55 (6,503 pliioee 3o
Barber et al., 2005; Bikiaris et ) wlodges 4ol 1y () <l,343L
al., 2006; Ammala et al., 2008(a,b))

.,
-

L

v
e )
.

-
|

o S pelS 3 5 s OV ol o 55— 5 e Y S5



@55 039 Sl e

YWAP Caigm o)l —o.y..))’)é doylods Y wl> ‘0‘)‘.’.‘ ‘53‘“\.6 évLuo 9 ‘05.1.: Sl 9 A i \YY

Wl old ——
ool 1) ol ok e
L syl gk e
b 10 gsl> ohd —m—

P T P | S
(eels) ooy

A1y o ol g5 51 53 0asiolonsl g ol ¥ IS
Ol Jab gd (w el s svao yd gols VLSS

5, 500

5 ke Jelgs 31 ool el LS )5 (i slapld S,
ol . 1o oS b e banwgs (sivdtany Cudgsia 13 IS 135
el 03 03y L ¥ Jgas 13 S5y WUl (o 5l Jeols
sl g)blime jodar oygl (13938l 2950 dalike &S jglailon
BB 503 (s 1 93,5 (o Mg Slapld (g, ials
Sdgrm0 N9y oyl cdale (RIEIL gyblas polas 35 (S5 SS)
B9 59y ol Zbggls VLB bl b wbd > e g 4l
AS 039 8% sl oAb Cute i yol gl e 1l s 5
70 e 3 (Y Jooys 4 v L) AE (odae jlade 33,5 oo cely
S Lngl s Sala ] gl 09951 393 77 o ) iaS
0L (P<e1+0) 93,5 (o 53)5 (65l3line yokar 3] S, 5 005
i (Sl D90 Ly i oyol haw GBI 5o @*
=l b wld 4 o golaw ole LY ey > 4 (WI)
el Lol jalls Yl

&0 9 oM Elgel youe ol

A G ligebl dlou] cel Bl gla gaiding 4 51
Jyame ol a5 03500 gyide 1o o] Sligime CobeS
50391 a5 Ol & Cund @V gaaes 1 Sy bl el o
S 695 @l 5 ol amlins] Jilus b bl aabs g o oS5,
.)|9_A i ) odos ul)u.v g0 ..\J|93‘_SA 30D P ‘(_s"l“\’c
slagy aib e (g yuin Cuedl b UV gl Lol 54 olde
b s i un  udblineg ySUl Gileinds 51 gl wd UV

Pl (359 7Y B )96 (9381 L el oz ¥ S5 5l &S
b GRIBIAY 7Y Cip 4 (So)ly b Jobo obojl 5 S
ol S Ol i FO U ol clale il L 4l
Sl e Ui 35 )8y CojorelS il 5 o) Jlade (g oS
2 ooyl 4 oyl @l bl 4 olge )18y ool 4y
o)l e gualS 5 Sm L' ay 55 oS 5 YL pbiie o
Kim et al.,, 2007; Y2 ) )LSen 5 iS5 0315 0p9,)0,5

.(Giraldi et al., 2008

(WVP) &1,y 4y Comnss (65239390

Slopkd 398 Glie 5y 2 0l Ol LY JSS
2 a5 Heboles s ol ) Ol 4 Cus CajorelS gl
Sobine Gl cozrge ()l (3938] -5 e oanlin V Jou
Gl 035 Ol )y jgue 4y Cond s jounalS 6l claphd S5,
09381 b ol )l 4 (s pdideis Sk oSed Sle 4 5 (P<-/0)
Ol Oy 9 (a8 sl 4Bl dgay ilises Zglaw ) ()9l
“heked g o $U ATl SV I, ok sl WVP
i 2¥ o B oy 936 (13938 el oty alls VLS 5 L]
SV 5Ll b wld 4 s ZAYID dga 1y O Ju (6 3dg8s
2983 53 Cgby 4y (G pdadels (lalS imd oo ialS alls
dloul g wy Glas YU plaie cuud Jds 4 V0A Co sl
oSeile o e slaslge o slp s 5 (S1505 e
1 SV NV G P PR R W U V] S IR SN K VN P PP B
i 53 9 33)5 (o0 yudi (S130) Sl pe () oAb Jdin 0yl
ol A8 e My (a8l 55 gl g T Jl il o ol (S
ool @l & do g5 b oS 0dgy (e ) 91U 70 aw (sl ol
bWt pas an ]y ol el ol (obordsSid Sluogas ||
@l 5l 48) eSS St 5 pesh il 9 ooypl cunlie
(Dardmeh et al., 2017) ool s i Gios jl Juol>
235 (o Olh ) o)l IS @ Eel &S By s
Ly gl o (S a3y s & Geied ol
(A7) e s> Sy ) ol ke (al331 31 )5 )3gil (8l pess
JCasariego et al., 2009) il o godg0 ! > JYo ]
2l ey sl piegin alidio Biios ol jl ol Consy gl
Park et al., 2002; Tang 2008; Casariego ) sl o i
oS e G5 Sy ol 5 ol (slaazsl, et al., 2009)
i )3 oyl (GBI9S0 9 @95 0978 4 lapld (6 pdided (S
Dl (St wlid g oy9b o GBS 9

1 Tactoide



\YY )by ) b SHe By g vy oo Mol Ol )8 ¢l cdald 15t axillae

o Aoy il b gl o 0dld lis ¥ S 50 oS jglailen
S b ()5l 803 B (ol plid 5 oA aulS ol cdlis |
A5l e
zo— Job odal cowts SleMbl 4l > clgpm yobaiods
sloagss Job UV-C b jadls 9o Job (lyicay YF-NM
UV- ol pasli z9e Jsb olpedr oo s Y2-nm o Y- .nm
ol odly L ¥ oY Jgas 50 ol .a5,8 edlawwl UV-A 4B

Ll

4 aS 009 YAYF BV (6550 g VeFe oM (4 290 Jobo (giold
5 Ly Ygane Y+ +=YANM) UV-C Lol 05,555 5 4l du
5 (UV slagy JS 51 V4 SA-=YY.nm) UV-B (o ,=Ls
Dy 5 o s (UV slagsyy JS 51487 §V-—F..nm) UV-A
s iS5 lapld 5 (A SV SIS ok sk
297 (il g doyd Slessi 9 ¥ S5 ) oygil cilisee gshaw
2 a9 i g (g5l SV laels J sl
ol oab odly LS O IS5 o Yo=YV e NM zgo Job diol

039U lidee glaaws )3 gl SVESS (il ohd WVP-) Jgua

*(WVO x 10") (kg/m.s.Pa)  (MM) cuobies puile PUICIPN

VWA £ /Ay 2
AE SR
YAV £ N ©
Y/aAE .4 ¢

A B Ll ol
002 55 ) 55 S5O ol
o2 55 Y 53 SV 5L ol
o2 55 TDs 3 S 5ol ol

ol (5S35 ygoil 53 T prlans 53 WIS g g BAmO LIS Aol pud LBg o *

ohd () (Baad iy () (53958 Wb - ¥ Jgur

WI AE b*

L* ol £

VAN £ vy ? Yoo

VYY £ /Y0 % AYIYAE N0 vYXoE ofa.

oAl Y5l ol

VVEAE ARD VES R AT NEEYE VAT YA 20" WY R 0D L b T el eV Ll L plé

N7/ L7 S 29 L V) VS AV LV
YAIDE £ .S as/sy £ /AP evAv £ LAy

—AI¥§ £ < p.C
YIVY £ - /vo!

FANe £ NS Gy gL AY gl VS 5 sl L oLd
SYINY £ Va0 oy gl 7D (ol VLS 5Ll L wk

ol (5S> ygoil )3 7 s 50 M) Dy g Bumd L5 aylite gy bl o 3,85kl BBl ol (Silie e Jod olacl

\
\ | &

"

/

ﬁ Ve L!ZZA‘;;}

(99U 710 (59l (d) eyl ZY (g9l (C) ¢yl 7Y (S5l () ol (2) ;WL 5 sy (S jone 9L (5,0 (glod-€ JSU



AP ol 0 ) — (2038 dolos MY aler (] ! (158 asbuo g pole Sleidsly 4 o Y YY

Fa
- T

Yo
-
7
=Y.
AN

alh e

Ve . ’-" Ve il TV gl (L.

& _,".’f// ool LY gl ol -

g _’..ujjih Yl :‘L;L"I-" nl;i R

Yoo Foo e Ao AT R
(magil) g3e Jsb

w9l Cilites s> (sole VI T b sWaekd UV-Vis dubs zlgel yeus lime (551 -0 JSoid

< )Pl s (s3> (g9l YU il by (saehd UV e (oo sy yone olime -V o>
T(%) g ¥Ne  T(%) 0l Yoo T(%) ypogili YEo old £99
VAD £ <JAF® YIAV £ . [ovy B Yok o5 ? PO [EQERNIEC T RN I
W/EY £ ISP E/YY £ ./.val VY £ ofyD ooy 56 7 sl VB 5oLl L WL
NNER YAY £ o/ vY° Yk oA o0 96 7Y ool VB 5o ksl b oLd
YIEY + /vl VAY + o/ovad WRSEVAY S oy b /D gl VB 5 kil L ok

(o039 it s )3 gl OV il slaphd Codlici-€ Jgua

Transparency (yiogili N +) ;0 whd oS 5
AR -[YYY. PO EQERNTER SN NI
VA £ < /\s P </YYAA oo 96 ) ool VB 5Ll L wbé
VARV -IYYYA oy 96 A¥ gl YL 5 Lol L WL
NCERIL YN ooy 9 70 gsls VB 5 oLsl L WL

Oilidl el g 035 yudo (glaman il ply o Blas 31 6l
s @i 5 &9 Sy Shg 33,5 (0 A Slgiee ()5l
iz gladsyd gl VLS 5 Ll L slapld UV slagy
Slgo (cabdin y gl 5,18 (YU Juwily (odimdyLis o)eil
dlad 18 3 ) berds o2y halS polatony olie

b e lié dlge

8 25 4o
s OYLB 0Ll L (el (B ol plaieds gl ol
Cowds @l & 425 b1 pbsl oad ol (wygb b ol bgle
Sk S5 5l g o (55 5 (SIS (S ol ol
S5 s Sty FTIR (o cidb ol .l s Slga
Sl el (3890 S8l 4 13 9 PET (slayod b (yo)5l
cge (35 MY e B oygil (29381 D903 3l |y Loyl s>

m ol LA Wb il o 03l L ¥ Jgdn 5 o jshaslan

3 S 5dn LN g VIAY N[0 0e o5 (glyls YL 5 L1
sogls Yoo (UV-C gaol) jogls V¥ slazgs Js-bo
03531 b 3l o (UV-A saol) iagls Y5+ 5 (UV-B 542t
2 gloel sgme 1oy aold L lo o ol clale [l g sl
Ormed yol al b dged I (a1 () ine jokar 4l 4w
JSK8) 23,5 (o oyl 22> (Rl BI L el culad el o
o UV lagip (3900 a5k 13 (oyoil (2Ulg5 oo o(F Jgo2 5
ol » BaYel g sos 9 gl Gliee g £ Sl 9
ok 4 3 oy Pls CB e iy L )l (S ey
29 a8l Giali8l (g pedy lioyanj 9 CLdgl G iSen
() e Yol buwsg UV slagiy joue | Calos Kol aoeis
4o 0P (2958 48 A e Ll @l ol boe il
2138 dlge (sdndiuy 40 edlatwl jelaiedy VLS L3l b o pile



VYO gybslagy b S59 o3 2 2 ov) oo 230l Olyd gl cdalé 36 anilla

e dlge sty ) eolatwl jelatedy VLB sl b o ylo A Ol HL5u 4 Cud (s pdideis LialS g SGlKe Lol deuo
Ollidl el g 0dgn yudo glaas sl ply o sblas S gl slepkd olidg, Juals el (gyblize jolay oyl 2458
20,5 oo i Shgize 5,800k 2 zleol joue oy EalS g shibw jaslls il salg

a b 958l &S ol lis img zols L0,8 UV dsl aw

&bw

olds o850 sloald 5 4msldd s o 59 Cuny Slaald (o3 Sl d9mte (VTAY) ool i (S5 9 e 03l o gl
NN FE) o olié wlio 5 pple dolidiad ol Jiio (uS5)5

s b OV il (b CojornlS gl polp p gl g5 ST (W) o e olidilf g T eded) o (bl ep (23S 0305 g

VoY=V NO(Y) cpash (515 5 ool b

Alipour, A., Naderi, G., & Bakhshandeh, G. (2011). "Elastomer Nanocomposites Based on NR/ EPDM/ Organoclay:
Morphology and Properties. Int.Polym. Proc, 26, 48-55.

Giraldi, A., Bizarria, M., Silva, A., Velasco, J., d’A" vila, M., & Mei, L. (2008). Effects of Extrusion Conditions on the
Properties of Recycled Poly(Ethylene Terephthalate)/Nanoclay Nanocomposites Prepared by a Twin-Screw
Extruder. Journal of Applied Polymer Science, 108, 22522259 .

Parvinzadeh, M., Moradian, S., Rashidi, A., & Yazdanshenas, M.-E. (2010). Effect of the Addition of Modified
Nanoclays on the Surface Properties of the Resultant Polyethylene Terephthalate/Clay nanocomposites. Polymer-
Plastics Technology and Engineering, 49, 874-884.

Ammala, A., Ammala, C., & Dean, K. (2008). Poly(ethylene terephthalate) clay nanocomposites: Improved dispersion
based on an aqueous ionomer. Compos. Sci. Technol., 68, 1328-1337.

Bandyopadhyay, J.,, & Ray, S. (2012). Clay-containing poly(ethylene terephthalate) PET-based polymer
nanocomposites. woodhead publishing limited.

Barber, G., Calhoun, B., & Moore, R. (2005). Poly(ethylene terephtha-late) ionomer based clay nanocomposites
produced via melt extrusion. Polymer, 46, 6706—6714.

Bikiaris, D., Karavelidis, V., & Karayannidis, G. (2006). A New approach to prepare poly(ethylene terephthalate)=silica
nanocomposites with increased molecular weight and fully adjustable branching or cross-linking by SSP. Macromol.
Rapid Commun, 27, 1199-1205.

Brezinski, D. (1991). An Infrared Spectroscopy Atlas for the Coatings Industry. Pennsylvania: Federation of Societies
for Coating Technology.

Calcagno, C., Mariani , C., Teixeira, S., & Mauler, R. (2007). The effect of organic modifier of the clay on morphology
and crystallization properties of PET nanocomposites. Polymer , 48 , 966-974.

Casariego, A., Souza, B., Cerqueira, M., Teixeira, J., Cruz, L., Diaz, R., & Vicente, A. (2009). Chitosan/clay films’
properties as affected by biopolymer and clay micro/nanoparticles’ concentrations. Food Hydrocolloids, 23(7),
1631-2030.

Dardmeh, N., Khosrowshahi, A., Almasi, H., & Zandi, M. (2017). Study on effect of the polyethylene terephthalate
/nanoclay nanocomposite film on the migration of . Journal of Food Process Engineering, 40(1), 1-9.

Fischer , H., Gielgens, L. H., & and Koster, T. (1999). Nanocomposites from Polymers and Layered Minerals. Acta
Polym, 50, 122-126.

Ghanbari, A., Heuzey, M. C., Carreau, P. J., & Ton-That, M. T. (2013). Morphological and rheological properties of
PET/clay nanocomposites. Rheol Acta, 52, 59-74.

Guillard , V., Chevillard, A., Gastaldi, E., Gontard, N., & Angellier-Coussy, H. (2013). Water transport mechanisms in
wheat gluten based (nano)composite materials. European Polymer Journal, 49, 1337-1346.

Hongping, H., Ray , F., & Jianxi, Z. (2004). Infrared study of HDTMA+ intercalated montmo- rillonite, Spectrochim.
60, 2853-2859.

Kim, K., Kim, K. H., Huh, J., & Jo, W. H. (2007). Synthesis of Thermally Stable Organosilicate for Exfoliated
Poly(ethylene terephthalate) Nanocomposite with Superior Tensile Properties. Macromolecular Research, 15(2),
178-184.

Kim, S.-g. (2007). PET nanocomposites development with nanoscale materials. Toledo university.

Kracalik, M., Mikesova, J., Puf, R., Baldrian, J., Thomann, R., & Friedrich, C. (2007). Effect of 3D structures on
recycled PET/organoclay nanocomposites. Polymer Bulletin, 58, 313-319.

Laia, M., Chang, K., Huang, W., Hsua, S., & Yeha, J. (2008). Effect of swelling agent on the physical properties of
PET-clay nanocomposite materials prepared from melt intercalation approach. J. Phys. Chem. Solids, 69, 1371-
1374,



\‘”ﬂ;‘%é)l _O-.'.'))S)é ‘\c)l.o.{;‘a Y al> ‘0‘)‘.’.‘ @LX& évLuo 9 ‘05.1.: GWSJ" LYgo \YF

Material, S. T. (1995). E96-95. Annual Book of ASTM, Philadelphia, American Society for Testing and Materials, .

Park, H., Li, X., Un, C., Park, C., & Cho, W. (2002). Preparation and properties of biodegradable thermoplastic
starch/clayhybrids. Macromolecule Materials and Engineering, 287, 553-558.

Parvinzadeh Gasht, M., & Moradian, S. (2012). Effect of Nanoclay Type on Dyeability of Polyethylene
Terephthalate/Clay Nanocomposites. Journal of Applied Polymer Science, 125, 4109-4120.

Pavlidoua, s., & Papaspyridesb, C. (2008). A review on polymer—layered silicate nanocomposites. Progress in Polymer
Science, 33, 1119-1198.

Pisano, C., & Figiel, L. (2013). Modelling of morphology evolution and macroscopic behaviour of intercalated PET—
clay nanocomposites during semi-solid state processing. Composites Science and Technology, 75, 35-41.

Scaffaro, R., Botta, L., Ceraulo, M., & La Mantia, F. P. (2011). Effect of Kind and Content of Organo-Modified Clay
on Properties of PET Nanocomposites. Journal of Applied Polymer Science, 122, 384-392 .

Tang, X. (2008). Use of extrusion for synthesis of starch-clay nanocomposites for biodegradable packaging films. PhD
thesis, Food science institute, College of agriculture, Kansas state university.

Veiga Barbosa, C., & Machado Viana, J. (2010). Nano- and Multiscale Polymer Composites. Universidade do Minho
TECNA SOE1/P1/E184.

Zuniga, R., Skurtys, O., Osorio, F., Aguilera, J., & Pedreschi, F. (2012). Physical properties of emulsion-based
hydroxypropyl methylcellulose films:Effect of their microstructure. Carbohydrate Polymers, 90, 1147-1158.



Iranian Food Science and Technology ) @ . . U oo
Research Journal ‘af( ) o, olnl lié plie g pole sledogl o i
Vol. 13, No. 1, Apr. May. 2017, p. 117- 128 T e A NYAYA. 0 VAP Culigu 5100395958 o) o losid Y >

Study on the effect of the concentration of organically modified nanoclay on the
microstructure and physical (mechanically, WVP and color) properties of
Poly Ethylene Terephthalate (PET)- based nanocomposites

N. Dardmeh?, A. Khosrowshahi?", H. Almasi®. M. Zandi®

Received: 2015.06.13
Accepted: 2016.01.30

Introduction: Nanocomposites are prepared by introduction of dispersed nanoscale particles into the
polymer matrix based on four methods: template synthesis (sol-gel preparation); intercalation of polymer; and in
situ intercalative polymerization and last one is melt blending, the most favorable and practical method due to its
simplest, economical and environmentally friendly technic. This method involves annealing, statically or under
shear, a mixture of the polymer and organically modified clay at the softening point of the polymer based on
usual compounding devices, such as, extruders or mixers (Papaspyridesb 2008).

PET is a semicrystalline thermoplastic polyester which has been extensively used in all sizes as a packaging
material in direct contact with food, beverages and as an alternative packaging to polyvinyl chloride for edible
oils (Kirwan et al. 2011).

As polymeric nanocomposites are mainly used as structural materials, the layered silicate clay are preferred.
The crystal lattice of 2:1 layered silicates, consists of two-dimensional layers where a central octahedral sheet of
alumina is fused to two external silica tetrahedral by the tip. Montmorillonite (MMT) belongs to type 2:1 layered
smectite clay which in the basic structure, the trivalent Al-cation in the octahedral layer is partially substituted by
the divalent Mg-cation (Pavlidoua and Papaspyridesb 2008). As evident, MMT is greatly hydrophilic in the
interlayer and incompatible with organic polymer such as PET, thus to increase compatibility of clay with
polymer, inorganic inter-layer cations (Na*, K* or Ca?*) exchanged by the cationic surfactants (e.g., quaternary
ammonium salt). Modified MMT or organoclay interacts better with polymer due to its increased gallery space
(Utracki et al. 2007; Parvinzadeh et al.2010).

Three different types polymer/clay nanocomposites can be obtained depending on the preparation method
and the nature of the components used, including polymer matrix, layered silicate and organic cation. Tactoid
nanocomposites formed when stacks of modified layered silicates are retained after introduction into the
polymer. Subsequently, interaction between the nanolayers and polymer is not only unsuccessful but reduces
mechanical properties of composite as well.

Our main objective of this research was to study the effect of the nanoclay addition on mechanical,
colorimetric and transparency properties of poly (ethylene terephthalate) (PET) nanocmposite films.

Materials and methods: Bottle-grade poly (ethylene terephthalate) granules with intrinsic viscosity of (IV) =

0.82 dl g* were provided by the Iranian Tondgooyan Petrochemical company. The organically modified
montmorillonite, Cloisite 15A, was supplied by Southern Clay Products Inc. Standard of TPA was supplied from
Fluka Chemical, trademarked Sigma-Aldrich Corp., Switzerland. High-pressure liquid chromatography (HPLC)
grade water, aceto-nitrile, acetic acid and methanol (HPLC grade) were purchased from Merck (Darmstadt,
Germany). TPA was dissolved into methanol with a slight increase in temperature. Working standard solutions
were prepared on the day of use at concentrations of 0.4, 40, 100 and 1,000 ppb and calibration graphs were
plotted using these concentrations of standard solutions.

The PET granules and nanoclay particles were dried in an oven for 24 h at 110 and 80C before extrusion,
respectively. Melt blending technique was used for preparing nanocomposite films in a co-rotating twin screw
extruder ZSK 25 .The temperature profile (throat to die) was as follows: 250, 270, 275, 270, 270 and 265C with
a screw speed of 250 rpm. PET granules were dry mixed with 1, 3, and 5% wt of Cloisite 15A. The total weight
of material per batch was 300 g. The resulting nano-composite strand was cooled in a water bath, granulated and
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dried overnight in oven at 110C. A laboratory press with a temperature plates of 280C under a pressure of 5 MPa
for 10 min was applied to compress specimens. Then cooled them in water and ice bath to achieve transparent
films.

The influence of different amount of nanoclay addition on resultant nanocmposites was studied by Fourier
transform infrared spectroscopy (FT-IR) and mechanical test. Also, influence of nanoclay presence on water
vapor permeability (WVP), color and transparency of the nanocomposites were investigated.

Results & Discussion: The results showed that nanoclay addition improved the mechanical properties
(Young’s modulus, elongation at break and tensile strength) and WVP up to 3% (wt). However, nanoclay
addition reduced the transparency of resultant nanocomposites films but it prevented wave transmission at three
UV region which leads to better protective effect of film as a food packaging materials. It seems that
introduction of Cloisite 15A into the PET matrix reinforced the mechanical properties of resultant
nanocomposites. The Young’s modulus of the nanocompo-sites significantly increased compared with the neat
PET, indicating that PET/Cloisite 15A nanocomposites were stiffer than PET. The maximum Young’s modulus
was observed for PET/C15A containing 3% wt with an increment about 8 MPa. This increase in modulus may be
attributed to uniform dispersion and alignment of nanoclay along with compatibil-ity with PET matrix as
confirmed by XRD, DSC and SEM. The Young’s modulus enhancement is consistent with that of other research
(KIMet al. 2007; Scaffaroet al. 2011; Ghanbari et al. 2013a,b]. Tensile strength like elongation at break shows
same trend, increases on increasing nanoclay content except for nanocomposite containing 5% which indicates
brittle behavior compared to PET. This can be explained consider-ing that higher aspect ratio of nanoclay tends
to aggregate and forms tactoids (as shown in SEM and XRD) and conse-quently indicates poor mechanical
properties.
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