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Research subject: The need to increase agricultural production in
proportion to population growth and water crisis managementrequires
initiatives that can increase the quantity and quality of crops by using
soil moisture storage methods while preserving the environment. In
this study, the effect of different wt. % of Thermoplastic starch (TPS)
with maleic anhydride (MA) as compatibilizer and nanoclay (15A) on
gel content and mechanical properties of Polylactic acid (PLA) and
blends of Linear low-density polyethylene/ Low-density polyethylene
(LLDPE / LDPE) was evaluated.

Research approach: Here, 20,10 ,0 and 30 wt. % TPS were added
to the blends of LLDPE/LDPE (80/20) and also PLA. Independent
parameters in the experimental design were wt. % of TPS, basic
polymer type that was PLA or TPS and aging test. For dependent
parameters were considered gel content, tensile strength, elongation
at break and elastic modulus. Experiments were designed in General
Full Factorial Design and performed in three replications.

Main results: Gel content in LLDPE/LDPE blends increased with the
addition of TPS and decreased for PLA blends. The gel content change
range for experimental samples before and after the aging test was
between 10 to 21 and 2 to 5 percent, respectively. Tensile strength
and elongation at break were reduced by adding TPS in both series of
compounds before aging test. But this reducing rate was less in the 20
wt. % of TPS. The values of tensile strength and elongation at break
were: 12 to 19 MPa and 50 to 350 percent, respectively. These values
changed after the aging test between 7 and 11 MPa and from zero to 5
percent, respectively.
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Table 1 Components of the compounds prepared (amounts according to % wt)

row | Sample code | TPS | LLDPE | LDPE | PLA | LDPE-g-MA | PLA-g-MA | Closite15A
1 L10T 10 | 12.15 | 68.85 0 5 0 4
2 L20T 20 | 10.65 | 60.35 0 5 0 4
3 L30T 30 9.15 | 51.85 0 5 0 4
4 P10T 10 0 0 81 0 5 4
5 P20T 20 0 0 71 0 5 4
6 P30T 30 0 0 61 0 5 4
7 LOT 0 15 85 0 0 0 0
8 POT 0 0 0 100 0 0 0
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Figure 1 Production of samples during leaving the film blowing machine
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Figure 5. Stability of nanoparticles after 7 days

Indexes Sources of change DF MSE F-value P-value
Model 12 110.50 32.9 *0.000
TPS 3 8.84 2.63 ns0.065
Polymer base 1 5.8 1.73 ns0.197
Gel content UV Aging 1 1146.51 341.3 *0.000
TPS*Polymer base 3 27.07 8.06 *0.000
TPS*UV Aging 3 21.87 6.51 *0.001
Error 35 3.36
Model 12 38.731 180.28 *0.000
TPS 3 20.066 93.4 *0.000
Polymer base 1 12.751 59.35 *0.000
S{::Ifgfh UV Aging 1 324.48 1510.3 %0.000
TPS*Polymer base 3 1.783 8.3 *0.000
TPS*UV Aging 3 18.907 88.00 *0.000
Error 35 0.215
Model 12 42087 43.42 *0.000
TPS 3 149.01 15.37 *0.000
Polymer base 1 125740 129.72 *0.000
e UV Aging 1 137622 141.98 *0.000
in break
TPS*Polymer base 3 10841 11.18 *0.000
TPS*UV Aging 3 13238 13.66 *0.000
Error 35 969
Model 12 246600 191.14 *0.000
TPS 3 347543 269.38 *0.000
Polymer base 1 949583 836.02 *0.000
Ifll:(‘isotl'fls UV Aging 1 283826 219.99 %0.000
TPS*Polymer base 3 187287 145.17 *0.000
TPS*UV Aging 3 11488 8.9 *0.000
Error 35 1290

*: Significance at the level of confidence 40%. ns: no significance. DF: Degree of freedom. MSE: Mean square error.
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Figure 4 Gel content for films with different percentages of TPS (non-identical Latin letters indicates
significant in level of p <0.05)

Smoah 0,585 HIh S i (S g )00 Pl
9 39S s diged ousile (S Bb a0y palS Aoy
Gl Ha laiaS g 55 s saas il ol
YY1 el Lao ooy el blis jo ands JLus, as
oYL oo Jools ok (63,015 Slas i [T
g iy 2B (5 lytome e bl (20
Jasl Jsle plfl o 4 g9k am ol (o) 2
lo—iome a0 (g ymarly S Ay (2ye oo e
Gl o T JLss a5 0l oo Al
5 6l oz sl asls [Y0 Y] sei o plSou ol
sk L8, Jdod po il (s 2 oYlas!
Sl aS ()9 b an s Bl S 50 0 ey
9 o9k sboml Jlaial g5 (oo (2 pe VLS e
L Irf] ogm salis o jods VLl o 1) (5 0 sl
w_sbs‘ 6‘)—? uu)/l_» o)‘s_a.fz: 538 Olallas 3O Bl

dwlo ,oolde .o ls o)Ll d(laosls 1 Siloo j o
ralS:u_w‘ ‘grj) 6‘5—‘-’“’ M‘j 6L®J.A.&2& 6‘)—’ CV oo
SltS oo CnSCh alals 5o Job sl anS

VDN CORSWRPIRUISIRR | (S T 0 g V) SRR S I

3 Sl polio dunlio
o331 5l a5 J=d (5 lgiome i I ol s
S liBe sl o Jo b 6l iinl S (Sadn
ssbaie dy (5 (slyiome (el Csl oad 005l T IS
dd SleS 5 0 ooy ASly Jslge B (o 2
S99 Aoy (S 09,5 dm A9l LB pdy Djgo 0ad
aeoyd Gl Ll (o Sibe 53 (S5 (e 5l onl
Sroaky b o sle asged yo ol 5 dulas LIS
RGN | FRpRCAIY [ IO |~ PSS WIS WS WUV | I 1y
aulis as ol plas sodow ol o Le ol ol

1) ok - ood o 501 o g sl a) o (b g oole aoliliad


https://arcpe.modares.ac.ir/article-38-40393-fa.html

Downloaded from arcpe.modares.ac.ir at 12:40 IRST on Sunday September 27th 2020

G35 P Sy liee pyile,S aulias Sy

I8 e St mhw ooy sl cnnbs
St Cuel 900, 5 Jae oS 5w o slo g a8 3
il cbale polBdll [, Ko &) b ojlaias ples
el o Bl 508 90 e el a5k
3l cdale asile el g mhaw il L s jo
035 Iy ol Sl g Dl)3950 lawgi (6,5 o5 e
A5 0 g odd olildigy (6 —euds sl Al oo ,5 5
500, el goga> L5 s La o] Saus 5500 5
IrAl ccsls Jlss au 1, Slse Lolys ioals
OB L 0 wodalin d IS 0 a8 4 b les
ookl jo o bize o g oud 4l sla )13 S
319 099 15 oS yeb 5 el Sl oS 5L
bt o il vl la gy cod oy e Blas lads
YAl el 00,55 55low 55,5liS o ooliiul 3,90 sla
Glo el s o, SULS @ldg b 5l esliul [€-
S sl A S5d At LS5 5 il
Ao Yool aalsl o g Iev] ost —oedy A0y
9o S ek e ple 10 () SIS SIS g S LI
SadlS o g Sl ool i 5 S el bLA ol
9 09 il (6 ok Slo 0 iy (H9Sge S5 20
Sals A Lo 5l Sl elgs ials ] Jlss as
Sl ahass o Jodb oloojlas o g —iiS Sl
Jsb ool molie als e LEY] el ons
DS o2y 09 3 ol Ylaos] po Sl dldads jo
Sl G slo aY 5 6 yady sl iz
Jds a aales LYt Y slaas,s o [FY]
e 5 At sLs Jy Sge 51 (o550 and LSt
3 Job olosjl oo o g plSei sl ials [, Sio Jsle
Al aly e S Al

S o a8 Sl oassS )85l 0g =g Jdo 4y
9 3,0 0929 Sl 5 50 (HeSge o slore o)
OelS sl wodalie £ ISCS 0 a8 4 b les
Sl atadi o Jodb olosl oo ojlal 5l o
C—S el o0l )3 a_ulis (e Lo slo cbale ol o
dopo b lsl Laolb L olusSy o Ll .aculon s
olie a Sl Jdo an o0l )5 A wlas Yt YL
S yiiin a3l Gl sl (65-Slsm La oS 15510
Gl alBlas s LSis ool a sl g s (o380
oz el ol il vy >g L cosS 5L
Gl abgas o c S ahads o Jg b olsojlaoye
A% selie L30T

8,8 418 ley yo il SCaSY b —ainS sl
Sl Jo=l5 adgs als o o Clis jog ST o
adaly, o a s Sldllas sl L awglae o (old a s

Seslai ! 35— ,b 5l Lo ey o —5,e SYLasl sl
548,85 O g0 o Jlail Jsle lgie-a o ST,
5 S e L L (9938l () S S0 (o 2
i3 s s o ol malisla s crul sulds plad!

Iro ¥¥] coul oo o0 oYLl

S 09031 3l 5 SRR
Slg—izme 0o )8 (65 ojlasl 5l eaal Cws 4y =
2l sla e jo Soi el 5l e (5
O3S bl o sl ) sle o ks aS e
ASTM G .))L\at_w‘ .Ia_w}s 03— d_l).:.? Lr».s;.?u 0,90
03,55 3,5l 00l i IS ao 0 e 51 154
b ()5 518 ) e (5 lsoe Ol 4z e o]
STz s arles i 5 6y )P )0 Snglie
Cow Hlmn gl aSs LSl s oule (8L Sls—s
Sty Lo ot Jo JolB e a S o e
Shilo oles ol jo 0g2g0 WloS 5 iST o s 50 dy
Snglie (o Jo pmln 0 48 009 (S (n)S WS
Sl s anin oliee ol [¥P] as s (6 )b
HL")5_|9‘3.44_3(.\_,¢)Q Vo sl o o) 5 e
i 35 (S el 5l dm Lo yenly (608 < 55
S Ay O5—5) olab ye as =l Levl el oo
FUNSN PR V- PR W PP | PR SRS S PPN g
=2, SYlasl o 9,0 a5 coul oos Jol> —als
Iyl 3,10 89— (6 —ouds (LB oy o pSE—e
cdale oo s ol L (5 Glemie Jlade o Ol s
sl (Soim el 5l om L adiges gl awlis
5 So— Sl (b s Sl 5 sl 35 e
S el ol SSY L sl sluST5 s gy
Olsise 5 Sl ous (yga3l 51 b L oo Ly
2,5 slewl 8 Ceomnd [y oui o Ll SV s a4

alads o Job 0loojl g (—hlS ol auws lin
o i sl asses o piS Q?—")'Ty}‘ el s
(S a8l Hlaie wl a0, V 5 O I
3 Gt Sl SaSY ol sl asel o
Ol g S ST (b S 5 sl sl ages
cl A 45 sl s (LDPE/LLDPE) S Lo
g0 gl S adads o Jo b sluogl ,uolde 4 S
—iplS 059, .09 5 o LLDPE/LDPE g4l> slo
Ol L SllS 5 aws g0 oy il plSou !
J=B sl (6 mendy 0l ool am o le S dlis ao o
LY jo oS slovul iolidl Jg 090 (on i
Yo LYW o same ialS uw g awlis o o,0 Ve
J=doan wyeibias asl ol 5l ol ailes o vy

oy = (ool (e (69,1l b gy (ol Al o (B9 (ool aolilad \Y


https://arcpe.modares.ac.ir/article-38-40393-fa.html

Downloaded from arcpe.modares.ac.ir at 12:40 IRST on Sunday September 27th 2020

S S P S Olies 2 ple,S Al Sl o)

20
{ 2 = 4 —LDPE befor UV Aging —<— LDEPE after UV Aging
i «seo#ess PLA befor UV Aging PLA after UV Aging
F g » —
g a~~_
2 s T s 6 c
: \x-_;‘- ______ E“"—-._, '<.}
= pr—Se=== I
4t ¢
H L~ A £ A
-1 10 B r_;_:___f___._-— Pr— —=
L a o~
e a R 2
A
c
6
0 10 20 30
TPS (%wt)
Jlizl maw 1o 5)ls g Sole HlesSs e Y By ) ra).Sl.a)f lis i slbas,o b gl old jo ooiS sl polde O S
(-,-0>p

Figure 5 Tensile strength for films with different percentages of TPS (non-identical Latin letters
indicates significant in level of p <0.05)
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Figure 6 Elongation at break for films with different percentages of TPS (non-identical Latin letters
indicates significant in level of p <0.05)
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Figure 7 Elasticity modulus changes for films with different percentages of TPS (non-identical Latin
letters indicates significant in level of p <0.05)
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