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ABSTRACT

concerns and problems globally. One of the most widely used plastics is

polystyrene, which is practically impossible to decompose naturally within a
reasonable timeframe. Due to their light weight, flexibility, and ease of processing,
synthetic polymers are increasingly used; however, their inherent non-degradability
and high consumption inevitably lead to environmental pollution. To address
this significant problem and prevent further environmental pollution, this study
employed and evaluated two approaches: photodegradation and the incorporation
of biodegradable fillers to produce biodegradable polystyrene composites. The
effectiveness of combining these two methods to create degradable polystyrene was
also evaluated.
Methods: In this study, starch and paraffin were used as fillers, and polystyrene
composites containing varying percentages of starch and paraffin were synthesized
via suspension polymerization technique. To accelerate the degradation process,
oleic acid was deliberately employed as a vinyl ketone monomer and as an efficient
photodegradation initiator, and its effect on degradation was investigated. For precise
chemical analysis, attenuated total reflection-Fourier transform infrared spectroscopy
and the carbonyl index (CI) were used to study the chemical degradation of polymer
blends. Moreover, optical microscopy and field emission scanning electron microscopy
were employed to investigate the physical degradation of polymer composites.
Findings: The results show that oleic acid aids the degradation process, and starch
enhances biodegradability more effectively than paraffin. Consequently, the CI of
pure PS, which is 0.54 after degradation, increases to 0.90 by adding only 3 percent
starch. The presence of oleic acid in this composite further enhances the CI to 0.99.
Therefore, the combined presence of starch and oleic acid significantly improves the
biodegradability of polystyrene.

l l ypothesis: Environmental pollution caused by plastics has raised numerous
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Styrene Tabriz Petrochemical 99.9 Benzoyl peroxide Merck 75
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Tricalcium phosphate | Tabriz Petrochemical 99.9 Hydroxyethyl cellulose Sigma-Aldrich 99.5
Polyvinyl alcohol Merck MQI100 | Sodium dodecylbenzene sulfonate Merck 99.9
Sodium hydroxide Merck 97< Starch Sigma-Aldrich 90
Oleic acid Merck MQ400 Paraffin Merck Passed test
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Table 2. Codes of the synthesized samples by the suspension

method.
Code Composition
PS Pure polystyrene
PSSt1 Polystyrene with 1% starch
PSSt2 Polystyrene with 2% starch
PSSt3 Polystyrene with 3% starch

PSSt100.2 | Polystyrene with 1% starch and 0.2% oleic acid
PSSt200.3 | Polystyrene with 2% starch and 0.3% oleic acid
PSSt300.5 | Polystyrene with 3% starch and 0.5% oleic acid

PSPal Polystyrene with 1% paraffin
PSPa2 Polystyrene with 2% paraffin
PSPa3 Polystyrene with 3% paraffin
PSPa100.2 Polystyrene with 1% paraffin and 0.2% oleic
acid
PSPa200.3 Polystyrene with 2% paraffin and 0.3% oleic
acid
PSPa300.5 | Polystyrene with 3% paraffin and 0.5% oleic

acid

\‘6‘\ VE-E 293 i 313 p0 ¥ 0 plouhs coulats 9w s poals (539J9355 9 pole (ole dlxo

AT £9 5 (b A
ol oSy Olpea ATy Bsse b (Rann oal U2
Ol (ol Sl w0 pl 3 S STy e A
Cushy asta s ohmans o3l ol Ysans ool bty cdas e
Dl gt pl s edbeslinal g (gl 5 aS 5l e SIS
OF Gilw s 5 5 S5l 0s Sis gl oy YOI Cuyb,
e 3035 Jem e Ao NS I 3 1) ST LS5 e sl
503,5 Wlol s, Jgle (e O 4 (xS gy 5 sk )
bolses (o 355 0 o2jpn Dlday LS e b s
3 m 3 ok IS5 oS glos s sl i Oloy ke gl
W L5k 5 ol osls e 3lo 21 51 bloe il 3 ol
23 5 glos o 55, Al s ea bl ulg o sl s
Cashs 3 ole sl siSe 58 38 e o3 S Ll

.J).j: ealaul V\J‘fdn_g 03 g

O gl (Rl AL youdy
03533 Og ol YV/O g polis lnl (el O el L s gl
e g (G Jle) Sl lSis 5 Y0 g
Jole 4 oSS Jld e Jole) DUl O3y Jowaso
St 53 T MmN Sodey 5 0l s o KEST Ogys w0 (Gdas
U osd o 020 Dlday SOle Gren 3leslaad L Fre rpm
o315 13 e gy plem Jls 3 o821 S e Ol s gt
53 AemSly Lz sdiS g /YA g ke e 355
e YOO @ alaler Glos Oy 31 g 50l > 0530 YV g
L) AL OC G L 5 355 o 6Ll o281 5 4 0S5 8 sl
Shesle & a8 5l e b Sl (00 ey 65,3
S I) s ST S g soken /4 YAY g Slae STy 65
@fiOLa)')'lY“hc,,iJf)\m.;ﬁjaulemuq(w
(PVA) (S L)k /YA g slia (Ar °C (sles) ST,
e 5 48l olaus VMJSéJ., SOV g (Gl sas lul)
S s e 3Ll oSy 4 55 4 e iSE 0 ATV g
s Jool= Slp3 sl ods oS STy A h GA D csdS
i e SLES 5 el

oKy S e analis canulis glyls Ol o )3 s gl
Soedd Sy egise 0 MIN Sdeay 3 F W 8 L gl b
Blol LSy 4 5 edd o byt cnl s STy ks
ol K31 ol shls 0l b e (8l 353
Y sl 53 sl s (sladi sad IS . UAE 6L a5 0 4 315e o]



9T ) (9IS Jag 209390 b Sy pSiaamn)  paiwl Sy jin

YAO+ CH,) em’ o5 linsl 2i8) YAYY em! (Sbes 1 sleCH
wil> 23S w4 by e) (Voo VEVO em! CH, O)lize [22S)
(Solas,l C-H amiw 3l o ) PN em! 5 (Sl o
S PS ayanilis s Salsl bl ais FTIR b 533l
Yorvem! 5 e Jles S C-0 iS4 by e V0 YP cm?!
51 Ll .l s 3Ll ATR-FTIR ik OH o3 5 & by
JLS) 55l PS L aline gl 310 &S bl sl Jf.,; b
35505 03 OTFTIR Cab 55 o3l3 ool (0,8 5 O5asdn
Ol Shast & bgye) WAL eml s s s se Sl S Ul
b (CH2 et 4 Ly \¥Fvem! s 54 s &:» c(CH3
wolsl 3 ool aeel pl el b e i s diasOlis oS LS
5 2 sty laarisl 4 deel ST usaslsl L
aYY em! 5 (C-O LJ,MMS) \YAO cm! (C=0 u,M,S) \WOr em!
ol sdd Wl ik 4 (CH amiw 3l ol hiS)
o Al S5 Gl bl sl 1SS a 0o Sl L
G 51 G 5 ol sl Gl S e Ol b
Eo 1l bt ST d Sl 0l G Lol
sl 03l BT (2ST 5 Lads g eslS

Glacib s s swlcaiise sma 5l Oluebl 51 e Jl>
wielis 03 Slsl Jl s o2 5l s e ATR-FTIR
VS 03 S e Ol e A el S LY
Stlghazalzs gy (6l (ol ATR-FTIR lacib
Ly ¥ S 5 el ol oals OLaS doned Sgb 1L 5 Aol
elb Ol o 55 51 s Lok 55 e ATR-FTIR glacil 4

e gl jady OLIBLAI L o 55 L,y S ) pons
R FE Soge el s 5 sd e s 2 PS e Sl 4
Sty Al Do pen PS st Ol s e B
53 55 Db SRIB e S Al Sl e s 20l Sl
A e s L0l (o S 3 s e ey i S e ld
RCIH R P

o3ls DL Y IS 5 ladiped o S el 4 by pe =k
1ALl PS 4505 0355 0 0 s (@) ¥ S 55 &S sbolen .l o
SPS 388 b s s /¥ s g S sl gl
S Ll 8 K e o A 2 s i S
Jovvem! BAPEY em! s sde a4l ys Ol L &S S
5 el Gyl 005 Bl ST & bs e Sy sler bl
JnS parld Sl ol WS e IS LS S b
corl by dzes by e Ml gy ) 4 sddidslous

PS Pa3 00.5

PS Pa3

PS St3 00.5

Transmittance (a.u.)

4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)
PS PSSt3 ey sla oy ATR-FTIR (glacib -V SKS
.PSPa300.5 5 PSSt300.5 PSPa3
Fig. 1. ATR-FTIR spectra of polymers PS, PSSt3, PSSt300.5,
PSPa3, and PSPa300.5

e el 4wz g ATR-FTIR il
Lo S apde R e gy Sy Pl 4 oS
d\;&:&h}}! J.ZS‘_} b},&da JALb \WVYO cm! BE J.f}.; o;ﬁ “
Cz—/.»;ﬁﬁo\);.w.g\)(C—HJJMJJJSQLWJJ)\“/\(Ncm'l;iﬁ_
S ol a1 03 Sl 5 g S e ol O il L s
osletal 8L 5 anulis 5l O ol 8 s Ll Las rb.;,l
ol b Ol L YAO em Sy Slh e Ol 5 il sl
4 aS A eslad Ve em?! S sl sl assls s esle s
N e A N Salos,l C-H glak 5o

B w5 Cyset Sl s i S el

CI=Abs ("VY& cm™')/ Abs (700 cm™)

St o 2 e 4 [ S el o Rl wl
oI ey a2 el ol o o ey Sl ey
el 438 S o peo iy el OF 53 o B Al axils (5 min
) J&:.:ﬁ&b—&@lLaﬂtligw):}:;.w;hw\p\ll,\:{l

s PS PSSt3 PSSt30 PSPa3 4 b, ,» ATR-FTIR b
Jelldlge i edmsOlil mld Aas e OLE 1, PSPa,0

SS) Yoo em? 3PS ol ey cl Jhaide sl el

VEE 2o melb=313 o ¥ 0 s i 9 Jlus sy (5331945 9 ool s pnle Az Y7-



w910 ) (9IS Jing 109390 b 22 dgen pITaun ) O il Sy jiiaw

PS Pa3 00.5
U pssw 003 Rt Vel AV

PS St1 00.2

" Mr»ﬂ»fﬁm/\ ans AW

P e |

Transmittance (a.u.)

3000 2500 2000 1500 1000
Wavenumber (cm™)

(a)

4000 3500

PS Pa3 00.5

PS Pa2 00.3 !

PS Pal 00.2

R \/\/\ﬁ”*w*mvwww’

PS Pa3

A
PS Pa2 W

PS Pal

Transmittance (a.u.)

4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

(b)

ol S 5 ol Gl Sla arky (B) 5 ool Sl 5 azalis 51l sla o (a) ATR-FTIR (slacib Y 3

Fig.2. ATR-FTIR spectra of (a) polymers containing starch and oleic acid and (b) polymers containing paraffin and oleic acid.

db.: L)'i‘ Jﬁjl{nh}‘) S99 L}ff; u.”-uj“w»)‘w
Vx| &8 Cool aS ann 5l e ol 3L glhls slad sa

. PS Jﬂf; upu 31 sy s
b nl 5 G PS s i S et li 00 Dlew
((b)‘f'J&Z)MN'/?QJ‘MMLAMW@‘)OAJJM

u\;‘ Cewdd k_&fu )‘

J.\.ryjsu..a;-l.wcwfu )‘ Lﬁ‘\;_’.‘um&‘fﬁgb)b
Slad g gl serla Aull bl asl A8l oada
S el Sl a8 Ll Sl iy Sl ol ST gl
L_SJQ?L{:MOJJJ )‘)T JK{J“) ch}: GCM‘ ‘5)34 aJ;;SU»L«}

Il il oo s Sl Ji S 2l s 6l W
O SJCsly (1Sl 5 4enS1 s diSe s 0 (SLlE 55 s
£33 oSl e 53 s ge Glizl 5 e 4 JWE Aol 8 s
23 el Sl g5 p g 5 ST Ll il s beeis LS

AD PS 53 00,3
AD PS Pa3 00.5
NN TN M o BIePD wy y A A
LI M Ny 'I/‘ '\ (- ,‘lv V\\ ﬂ* /‘.h“ . ﬁ W, /‘ _,f \/\,\ ‘n) /.‘\ /1_\./
V MM, AL VARYI[
‘ ' /! AD PS Pa2 00.3 jf

5 AD PS Stl 00.2 = AD PS Pal 00.2

2 e}

g AD PS Si3 I g AD PS Pa3

g g

é AD PS St ' g AD PS Pa2

g g

&= AD PS Stl | &= ADPSFal l
| |

4000 3500 3000 2500 2000 1500 1000 4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™) Wavenumber (cm™)
(a) (b)

el S5l 5 800 shls gla ads (B) 5 el Sl 5 analis lls sla ods (AD) (@) s 55 51 g ATR-FTIR (glacads -Y o
Fig. 3. After degradation (AD) ATR-FTIR spectra of (a) polymers containing starch and oleic acid and (b) polymers containing

paraffin and oleic acid.

f?\ VE-E 293 i 313 p0 ¥ 0 plouhs coulats 9w s poals (539J9355 9 pole (ole dlxo



1.0
I Before degradation
0.9 1 I After degradation

0.8 1
0.7 1
0.6 1
0.5 1
0.4 1
0.3 1
0.2 1
0.1 1

Carbonyl index (CI)

0.0

(a)

)90 ) 9IS Jaig rog3ge b padyia S ) O psiawl S jiian

0.6
I Before degradation
I After degradation
0.5 1
o
v 0.4 1
(3}
E
= 03
=
g
2 02
s
O
0.1 1
0-0 > > 0O 00 o9 P OO
O X L v
RSO MO A M LA LA LAY
ORI HEFTGT O FTE IR
QQQ{')Q‘%Q‘% R QQ%Q%
(b)

)‘.,\.E.AQJ@-)‘w@w&f;u&uﬂéuﬂ(b)j%fﬁ)‘wjﬁL}f};;uﬂ-ud‘fm&ﬁwwﬁbuﬁ)bw(a)—vJg.\:/

Fig. 4. (a) Calculated carbonyl index before and after degradation, and (b) right carbonyl index values after subtracting the

carbonyl index of initial PS.

b 55 (S 4igel FE-SEM yola oy y

rsbad Sl e g e ey o S e s Gl
2SS e b oosd oLl e 5 Sl e ek sed FESEM
(550 sl 19 Syl Cewsas ok CL.N 05 el (glae e

Aol Sl o5 5 diten Ll g0l 4y 4 S (S0 S S
5 ol osls Sl g pla3 3 Ly adsl iy S Larls 5
S o bl L s S el G R e 2 ) e e
L ey o 55 e el Sl 5 anald Qoo 52y onl ol

e e ol i

|

20 um

s 25 5| ey PSPa30 3PS PSPa3 slad 43 FE-SEM , 5las -0 K4
Fig. 5. FESEM images of PS, PSPa3 and PSPa30 samples after degradation.
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Fig. 6. FESEM images of PSSt30¢« PSSt3 samples after degradation.
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