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Figure 1. 1-a) epoxidation reaction of soybean oil (Lu et al., 2005), (1-b) reaction of epoxidized soybean oil with
acrylic acid, 1-c) Reaction of acrylated epoxidized soybean oil (AESQO) with maleic anhydride
(Mandal et al., 2018)

A5 b addl (Liu er al, 2012) s5i 00 CosnelS
5 ahlce Aun) (o odle S okl S cals
Lol 3l e (Rl 5 el s JT bS5 s
Cose K hoecan) Bl 4 phic e ol
ST 450 0l Jedds sl ol 135 g o game
Sl Olyn =Sy e b oAl s sl

(=Sl Slsew 05 5l ol (s 4 o plied 00 5!

Ol o se Sy 2l SauSas, poedle
Li & Larock, 2003; Meiorin et al.,) 5o oo s
Kow 5 Sleg,] ails ghls o bl Js3, (2013
sty ey 25815 b 5l sl g S cn S 6o
oo oVl anils 5 i Bl coge ol



yyy

AR (o0 ol ) s Mﬁ)v\:@ 6\-‘“); L

MAES4 %37 Styrene(ST)

¥ aJ\AJL ‘Y‘V.Xl»;u\j\ .X.C-\S} [ ry\.:- uu...c;u PRI

Y e (Williams & Wool, 2000; Can ef al., 2001)
Sl (S ST Sl Glg 855 5 0 plaal 281,

5T

W"_[Mﬁ/ﬁ/

e

MAESOISTIWF Q

(Mandal 2019) < 5> 5 & ksl MAESO ¢ 2515 -Y S5
Figure 2. Reaction between MAESO, styrene and wood (Mandal 2019)

" r,\;f oS 200! sk (Bemns & Caesar, 1999)
)'\ &Lﬁfﬁ g.,“b\.a JJ.)A{ ASJ.:\b.X.u B.‘\JL&)) JS“ ks A.J\j
Sl ol S, 3 S 5 en s Jsss s omly Sasa s
QS/M sz 4 Dl sslaza| r.x'f LY g’,%)',:,a\.f ol
sl SO bwslis il Hls ol ool 3 ams
o ol 3ye 53 oy Olad=s (Tasooji ef al., 2010) ax
Jlal cuaS 5o S J§~ e Y eyl C’J’w\ L ooss
Zhang et al., 2003« Han ez al., 2001) cul sas ol
L;Lhdj) j\ a.:\.&;:.w\ 9 JS\“ ek ol é\:Y .L.L:- Jil'.) )Kb\)
oo ale s, wloes s a¥ I L ESL

(Tasooji et al., 2010) el

LS oo s el ol s o P sbgds,
Gl (s olge) b saiS /eaiSey 5i
U sl claams s s aslized B oy gl el
s5U o SaSlsa 58 lel 5 S Slon 4 an
slalans Copie (osleS balews Gl o
Sl Sl Sl ousleS 4 pan, 5 ooslaS
ol s Hls 45
aslia 55 oS ol (655508 Slany a3l a8
el (22,5 VO-V ) Jole don glie Jlde (g5l 52 |
ETT RV T LU R A RS I N W A W
Ll i Sy aal e osa Ol S



e S s (S ol

@) Shlag sl W5 b S5 58 Sk ST Sy
ey o asly glaal (g5 4o Foo e YA
2o Yoo ool Copanl cale H ate)y oole plsien
aS asl s &UT 23 S oo\ jﬁ@}r‘ o ;j 3%)
S oblansdl Wiy o aoss Yo s oSy
s VG ol ol 5 S cuslie oy g
ol Blg e S5l S WS o e
wiler Sl b Ssles)] ol 5 gl s>
Ve RSOGO SOV LIV W ) Cov

s FRP sy 5lS @L«;;Lﬂ S8 g ol
sl sl B e plie 51l axe s e3le ol ey oalazal 5 5 50
slos 5 Vb Lo e OVl aneils 51 5 S5 sl g
T e Vg E e I PR [ VP WA | V-]
L el 5l ) e a0y 5 bes Ll s o STy
=Sal b 805 S5 3l Gaios cpl ool Lls, 05 5
3,1 5 ane) oole plgtea o el 5wl SAL L (S S
Fop e Yo s Cumd a3 oS, olpiea paS oS
S SUNEC NN P S CE SCIEE B R
P 3 s o an 0led 0085 My sl s ool
o3k A 53 (Sal Gl o5, b sl Sl 1y
Gan b e poe SVl w5 4 e S
A gl g Gl S35 L e o0l 4 Sy

L gy g dlge
bug 5 4 olasle ol (355laS gl 5 paS a8

e £ e Slgs, 0uledl, 30 e A o 3 4 ol
a3 Sl s Ve los o sl 5o pad Sas ) am
O3 el 5)50 CuhsnlS call ol el YF s
;';{‘*;T =S5l Glsw 0, 5l iy cale Gl w;
(Merck Co.) 5,u3l KAl (ol sans ol 55k S 0)
{(Merck Co.) 455,04 (Merck Co.) UJJJJ@Jnga
(s sasdn55) o 2wl 5 (CDH Co. India) sl 5 Jo s 52
o 5 ey SaiSly 6l 3 s I ) g as eslad

a3 S el o e VL axsls

\BA#

) sk, Sl eslial aney o Slides oS
il Com oo ans cale s s ol ar Seb ST
G s S5 4 ) e o S us 2SS Sl eas
5 S Cwdid s a4 s olsea adll s ool 4
Saremi ) azals Jsll pas oS Gl L s S
Shakeri et al., 2010; Tasooji et al., et al., 2015
Fao b CusanlS el 350 5o s wizen ((2010;
SUI 5 ol bS5 55 (S ST S ol Sl
5 oxis oWE Hles e oUW Sy mhaw 55 s LS
oAl e s bl e V- B0 Gy Cud o
Sl SN Ao s VO 555 s 3 ol 5 (Sl
(Kadem et al., 2018) a2 Jol> suz o5

=Ss) Shse o255 31 (YAA) 4,8 5 Mandal
ol s dons YY 5 anudl Sl S ST
BALCy o o jseelS Sl 5o (6 ey e 0ole lsien,
5 A oS polie cpimen s S sslizal S S5 gm 3,0
Blol CuemlS 4 ol CM\ ool iy deo ==
23 sty S Canglie o g oS azls Sl 5w S
el sty ey slao,s Y b

5 ol § cuselS (Y411) ol ,8s 5 Mandal
aoy3 F0) S i s 31 5 Jadele Gl i,
ad olad S 2o, b (S ds & e G0
5 Sk Sle ael Ll cSal slisw 25, Il 5o ms S
g lie (g pizmean 5 S CNW\ S Sbe a5l b
351 i ) oAbl boad bolss 55 5 (@l 055 )
CodoelS 4 5o (V0 FO ¥e o plial & oy 4 oo
b dols cniy oS5 b amals oledl pbl s S sslinl
Sl onS Cuslie 5 ciad Cuplie o plidd
ladas e LB 5 5 o el 136 ckd Lawlis 5o Jols
So g k) o3le )3 ol pas pimen 2Bl
23 Caslie 5 Ol Ol il 3 Caslie (Ll ol
S St ol Slade (a3l G s s 25T )
Bl 3 SOSe 5 (S0 ol s 02

Slsw oy S5 51 (YeYe) K 5 Mandal



YYo

S el alons BB Y alal, 51 (7)) ey e S
S s o5 (") (S8l 5l U8 el 055 (")

e xs (F0) 5 e sits (D) LSS,
!
mlds Y Ab\)

YT T ld, —d ) md,

oo U (F) Pl s oy o 5001 ok
('B ) aS ad 4wl (¥ abal,) Bristow & Watson ak|
Lo (T) 58 Sl culs (R) o /7F Jolas 5 alal, bt

D e bl e ia (%) 5 (%) (S
.s'_',u..:\ js..LVj
Z:ﬂ+ VS (5s_5P)2 Y‘dz")

RT
s B ¥l 31zl U (7Y s e o
P sadls (D) 5 P iS50 55 (M) S

S

y M ¥ adal,
) ds

=Sl Sl cnin e a0l 035 lay 5l e
Sy G5 S s iy ol OhSAL u.{.LJST
a5 Lol s 4 gl Sis aens YO 5 ol as,
"J.:S/B\SCL-—/M.JA: 03 0 gwd (b L adds Ve Ol
a (oo MFe s 7Y dYe) e 7 S gy, siladl
A bl s O son 5 wlol s,

Yoo Jobas B0 pa8 el o5, bl
o (WY JSe) as way e e Too 20 5 e
a5 00 los o 4ids FO Goe 4 eusb ToA Sl
SR VS S PR PO 5 SRR - W
A az S 5l 5o &S g Slelaul b gws o) sou
a0 \Fe los 5o ol 5o B 5 s ool g sa ans
o S lam s Sl cele S o a4l 8 sl
0303 Sl 5, 5m slal 4y 5 o Bl L B
(¥ JSa) asesls (2

¥ ooles YV s ol ) S 5 G pole Olidos ol

Sl Sbow £, r; oo lwl onds e lp
5 A b, i S psSads 0 S /N L S S
S 4l S sl am o Ve gles o SOKG e by
¢ SN0 e (Mandal et al., 2018) a2 b slsne 4235 o3
sl a\deﬁLw a5 Ao e 5wl o usl Sl
orl st Jeess o 8 53 sd Jo oS Soba b
VYo 580 Fe Sl ol anas il 5,50 ol g n
J..Jﬁ}lepfa SUL 4ads Ve sy as a8 b s aids
s S ool Sl ol wlus,

S b Sl ol aw 3l Jols Glagns,
Sde 4 @\ﬁ.ﬁq‘hﬂ ol 53 5 A Ay | e @Mﬂ
o 5 am 5 oS sl o Ve sl o el Y/0
P A e 55 5 el s G 4ol 8 e am s Y
S oS sl ar sy V8 gl s cele K G 4
gl ol O gons ca5s 00t ey b s 8

SaeiSls G 5l eends s A 0l 038 g sl
ol 5 e SVl aadls alon ), Dl
Wids VY 5 Fe g ole) aw )3 sad 4 b ey
OISS aw 53 g edz ol 3 e e VXN OXY slal 4
oz eals LI 3 Sl 5 bl sl so cell VY e 4

5 o s Ol baisa (eosabst ol olL Lo
B S Ses el Jlaws ol ¢l S s e ey
Ssipni 535 dar 5 352 ol LBl e b i wsls
A Sl pf VAR W T VPSR S P WA I
Flory- alal, 51 sslazal U (Voo ) o e ¥l azesls
o S (7)) 48 55 aelos (1 akaf,) Rehner

ot ESen ol (X)) Pl Jm iz (U)o

el oy anesls (d” ) s P> 5 e
_1n(1—vp)+vp+;(v12, \ abl

2d 7, (% - vz"j

chss -




e Sl (Susd ol

Yys

353 38 S S 5 31 oo S alS 0¥ s pnlS L8 B o salind 3 e 308 Bl Y S
Kl (S ST o ol sl

Figure 3. Steel mold for compression molding of the composite (a), the composite resulted from combination of
wheat straw and maleinated acrylated epoxidized soybean oil
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Table 1- Cross-link density values at three times of resin synthesis
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Figure 4. FTIR spectra of wheat straw (WS) pure polymer (Polymer) and composite with 40% of wheat straw
(Comp-40)
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Figure 6. Average thickness swelling values of composites with 20, 30 and 40% of wheat straw
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Figure 7. TGA and DTG curves of wheat straw (WS), pure polymer (Polym) and composite with 40% of wheat
straw (Comp 40)
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Table 2- Temperature corresponding to mass losses of 2-20%, initial degradation temperature (Ti) and
maximum degradation temperature (Tmax)

£ y0 Tav% Ts% T1o0% Tis5% T20% Ti Tmax 2Ss ao s
Sample Ash percent
SRR LS 167.46 202.58 24581 280.84 315.31 229.45 398.30 20.46
Cedoape

Composite

LE L8 156.7 2422 270.12  287.32 301.2 173 331.56 38.39

r ]
Wheat Straw
e 263.4 307.12 350.35 365.59 375.15 214.86 401.2 14.12

Polymer




YF ¥ ooles YV s ol ) S 5 G pole Olidos ol

P 5 P Value=0.001 5 54) b o il o lsline WS ans e Gl A U s 1S o se3l 4 by e s
.(value=0.000 Ol & 5228 Jade 5 Cuslie Slade a8 oS 2l 31 L

14 1000
o
12 4 | HEEE Tensile stress a
[ Tensile modulus - 800
=~ 10 P g
e L g E
s b S 2
2 N’
=23 - 600 =
= 3 8 1 %
g 32
= o N o
2 ] X w S
Ed
17 0] 6 - c E
% - 400 _OE-:
: :
= 4 =
- 200
2 -
0 0

comp20% comp30% comp40%
x:liod‘x USA‘: ‘_g.)..‘qu;)[’.\.’gblsw):?' PAREAR x:@&@j#gdudﬁ):ﬂjj.&ojij—/\ Jgs&'f

(Cn.w‘b.\.&b:‘éuuudbﬁ)%‘d}fb%ﬁﬂj)#)@jud

Figure 8. Tensile strength and modulus of composites with 20, 30 and 40% of wheat straw (Duncan grouping for
strength and modulus is represented with English letters and Greek letters respectively)
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Abstract

In recent years, plant oils usage as matrix in natural fiber reinforced polymer composites, has
been considered because of increasing environmental concern. In the present research work,
acrylated epoxidized soybean oil combined with maleic anhydride and styrene as a matrix and
wheat straw flour as filler was used for making a relatively biodegradable composite. In order to
find the optimum synthesis time of resin, three reaction times of 60, 90 and 120 minutes of maleic
anhydride with acrylated epoxidized soybean oil, , polymer was considered and cross link density
was determined using “solvent swelling” method. The optimum synthesis time of resin was
obtained 90 min. Then the prepared maleated acrylated epoxidised soybean oil was manually
mixed with 25% of styrene and 60 mesh wheat straw flour in three weight ratio of 20, 30 and
40%. The combination of resin and wheat straw flour was poured in a steel mold and was
manually Pressed. The die was placed in an oven at temperature of 140°C for one hour. Infrared
spectroscopy, thermogravimetric analysis, tensile and impact test was conducted to evaluate and
analyze the physical and mechanical properties of the resulted composite. Infrared spectroscopy
results showed ether bond formation between hydroxyl groups of wheat straw and carbonyl
groups of resin. Water absorption test results showed no statistical difference between water
absorption values of three loading of wheat straw till 144 hours of immersion. However after 168
hours of immersion, water absorption values were increased with increased wheat straw loading.
There was no statistical difference between thickness swelling values of composites with different
wheat straw loading. With increasing wheat straw loading, tensile strength and modulus was
increased significantly. Also the impact strength increased at higher wheat straw loading.

Keywords: Impact strength, maleic anhydride, styrene, tensile strength, thermogravimetric
analysis.



