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Abstract—Waste expanded polystyrene (EPS) represents a source of valuable chemical products like styrene and
other aromatics. The catalytic degradation was carried out in a batch reactor with a mixture of polystyrene (PS) and
catalyst at 450 °C for 30 min in case of Mg and at 400 °C for 2 h both for MgO and MgCO; catalysts. At optimum deg-
radation conditions, EPS was degraded into 82.20+3.80 wt%, 91.60+0.20 wt% and 81.80+0.53 wt% liquid with Mg,
MgO and MgCOi; catalysts, respectively. The liquid products obtained were separated into different fractions by fractional
distillation. The liquid fractions obtained with three catalysts were compared, and characterized using GC-MS. Maximum
conversion of EPS into styrene monomer (66.6 wt%) was achieved with Mg catalyst, and an increase in selectivity
of compounds was also observed. The major fraction at 145 °C showed the properties of styrene monomer. The results
showed that among the catalysts used, Mg was found to be the most effective catalyst for selective conversion into

styrene monomer as value added product.
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INTRODUCTION

Plastic polymers make up a high proportion of waste, which is
constantly increasing and causing serious pollution problems [1,2].
Amongst plastic polymers polystyrene (PS) is a widely used com-
modity thermoplastic [3-5]. EPS is used extensively for building
insulating materials and as packaging materials [6]. It ranks fourth
in the world consumption after polyethylene (PE), polypropylene
(PP) and polyvinylchloride (PVC) [3]. In 2004 EPS total world pro-
duction was 5 million tons, the average annual growth is expected
to be 2.5% per annum through 2010, and according to expectations
its total amount will be double within 25 years [6]. Disposal of waste
EPS is becoming an extreme problem that has a high environmen-
tal impact. There has been increasing concern about the recycling
of waste EPS, for which different options exist. An alternative way
for handling waste polymers is tertiary recycling in which plastic
waste is degraded/depolymerized into different materials like sty-
rene, toluene and ethylbenzene to produce either new polymers or
other substances [7-12]. Proper selection of catalyst and reactor design
can decrease temperature for catalytic degradation as well as increase
the selectivity of products. Most of the catalytic degradation of PS
has been studied with solid catalysts such as zeolite, silica-alumina,
fresh FCC catalyst, MCM-41, etc., which are expensive [13-15].
However, few studies have been conducted with solid base as cata-
lysts such as alkali and alkaline earth metals oxides and salts [15-21].

70 weight percent (Wt%) styrene has been recovered using a
semibatch reactor with continuous flow of inert gas (N,) at 350 °C
from the degradation of PS [20]. With solid acid and solid base cata-
lysts like magnesium oxide (MgO), calcium oxide (CaO), barium
oxide (BaO), potassium oxide (KO), copper oxide (CuO), iron oxide
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(FeO), titanium dioxide (TiO), chromium oxide (CrO), cobalt oxide
(Co0,), zinc oxide (ZnO), silica-alumina (SiO/AlO), zeolite (HZSMS)
and active carbon (AC) catalysts were used separately and found
that BaO was the most effective catalyst for the degradation of PS
to styrene monomer and dimer at 350 °C [21]. On the other hand,
another method with very low selectivity (above 5 wt%) of styrene
in the degradation of PS was reported with solid acids such as silica-
alumina and HY or REY zeolites at 350 °C [22].

Recently, the effect of metal oxides in the presence of hydrogen
at elevated temperature and pressure using benzene as a solvent was
studied for the degradation of PS. They found that alkali oxide shows
higher reactivity towards PS as compared to transition metal oxides
as catalyst except manganese (IV) oxide, which showed higher reac-
tivity due to its reduction towards stable manganese (II) oxide under
degradation environment [23].

The aim of the present study was to convert waste EPS into liquid
products with selective hydrocarbons which could be used as a raw
chemical, without the use of any solvent and other additives. The
catalytic performance of Mg, MgO and MgCO; as catalysts was
evaluated by catalytic degradation of EPS. The effects of tempera-
ture, contact time, catalyst to polymer ratio and pressure were stud-
ied on the catalytic degradation process.

EXPERIMENTAL

1. Materials and Methods

Waste EPS sample was collected from the refrigeration industry
used for packing of refrigerators and freezers; EPS beads are manu-
factured with an average molecular weight between (Mw) 160,000
and 260,000 g/mol [6,24]. The sample was then ground into small
granules and heated at 150 °C for 15-25 min to reduce its volume
20 times. Three catalysts were used for EPS degradation, i.e., mag-
nesium powder (Mg) (Particle size: 0.06-0.3 mm, 98.5%) and mag-
nesium oxide (MgO) (98.0-100.5%) that were obtained from Merck
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KGaA 64271, Darmstadt, Germany; while magnesium carbonate
(MgCO;) (99.87%) was purchased from BDH Laboratory Supplies,
Poole, BH151TD, England. Both thermal and catalytic degradation
experiments were conducted in an indigenously designed efficient
Pyrex glass batch reactor (I.D. 7 cm and h 22 cm) provided with
an external heating assembly that operates up to 1,000 °C. EPS sam-
ples in mixture with corresponding amount of catalyst were loaded
into the reactor, a solid-solid blend without the use of any solvent
and heated at a rate of 25 °C/min. All the experiments were per-
formed using triplicate analysis; the results of the experiments are
consistent and within the statistical acceptable range. The degrada-
tion of EPS gave off liquids, gases and residues - the carbonaceous
compounds stuck to the reactor wall.

Material balance calculations were performed using the follow-

ing formula (Eq. (1)-(3)):

Wt. of Liquid obtained
Wt of PS

% Conversion of Liquid= x 100 1

% Conversion of Gas

_ Wt. of EPS — (Wt. of Liquid + Wt. of Residue) <100
Wt of EPS

@

(Wt. of PS — Wt. of Residue)
Wt. of EPS <100

Total % Conversion= 3)
After optimization of degradation conditions 100 g sample of EPS
in a mixture with optimum amount of catalyst was loaded in the
reactor and heated at their respective optimized temperature and
time for both thermal and catalytic degradation. The reaction tem-
perature was measured by a thermocouple that was in direct contact
with the reaction mixture, and the liquid products from the reactor
were collected in a cold trap over a period of time (optimum time).
The liquid products collected at optimized parameters were used
for fractional distillation, GC-MS analysis and selectivity of com-
ponent products. The parent liquid was separated on the basis of
boiling point, where each distillate was also analyzed for its com-
position using GC-MS.
2. Thermogravimetric Analysis

Thermogravimetric analysis of EPS sample was done in a Per-
kin-Elmer TG/DTA Diamond Series (USA) instrument in which
about 7 mg of sample pieces was heated. The temperature was in-
creased from 40 °C to final temperature 1,000 °C at a rate of 10 °C/
min. The sample temperature was measured with a thermocouple
attached directly at the crucible very close to the sample. The weight
loss versus temperature curve for thermal decomposition of PS under
a linear heating rate in oxidative (O,) and inert (N,) atmosphere is
given in Fig. 1.
3. Physical Parameters Study

The parent liquid obtained from thermal and catalytic degrada-
tion of waste EPS was separated on the basis of boiling point of
hydrocarbons by fractional distillation. The different fractions ob-
tained were characterized using density (d), refractive index (77’
and molar refraction (yM). For refractive index (77) Abbe’s Refrac-
tometer (ATAGO DTM-1) was used.
4. GC-MS Analysis

The degraded products were analyzed with GC-MS (Shimadzu
QP2010 Plus) fitted with a DB-5MS (J&W Scientific) fused silica
capillary column (30 mx0.25 mm ID, 0.25 um film thickness), hav-
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Fig. 1. TGA curves of PS in oxidative (O,) and inert (N,) environ-
ment.

ing a stationary phase of 95% dimethylpolysiloxane with 5% polyphe-
nyl. Helium was used as carrier gas with a flow rate of 1.5 ml/min.
The injection volume was 1 pL. The injector temperature was 300 °C.
The temperature program applied was as follows: the oven was held
at 35 °C for 5 min, then ramped to 100 °C at the rate of 5 °C/min,
held for 1 min at 100 °C, then the temperature was ramped to 150 °C
at the rate of 10 °C/min, held for 10 min at 150 °C, and again the
temperature was ramped to 290 °C at 2.5 °C/min, which was held
for 10 min at 290 °C. The ion source temperature was 280 °C and
the interface temperature was 290 °C. The ion mass spectra were
automatically compared to spectral libraries.

RESULTS AND DISCUSSION

1. Thermogravimetric Analysis

The weight loss versus temperature curves for thermal decom-
position of PS under a linear heating rate in the inert (N,) and oxida-
tive (O,) environment were made and the results are shown in Fig. 1.
It can be seen that the decomposition is a single step process with
the onset and end temperature of 300.98 °C and 409.85 °C, respec-
tively, in case of N, environment and 292.50 °C and 407.79 °C, re-
spectively, for oxidative environment. The curve shows that maxi-
mum weight loss related to volatilization of hydrocarbons occurred
at 369.28 °C in inert atmosphere and 364.68 °C in case of oxidative
atmosphere. In inert atmosphere 99.57% changes occurred from
300.98 °C t0 409.85 °C. In case of oxidative environment 100% weight
changes occurred from 292.50 °C to 407.79 °C. At these tempera-
tures with the volatilization process, other reactions like cracking
of side chain from aromatic rings, isomerization and poly conden-
sation also occur. Therefore, one might think that all the volatile
matter of PS has been decomposed to volatile hydrocarbons.
2. Catalytic Degradation of EPS

The aim of the current study is to increase the selectivity of liquid
product yield with higher total percent conversion and minimum
residue. The data obtained with thermal and catalytic degradation
were compared for liquid product yield, total percent conversion
and selectivity of aromatic compounds. The effect of different pro-
cess parameters such as contact mode of catalyst, degradation tem-
perature, residence time and polymer to catalyst ratio were opti-
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Fig. 2. Effect of temperature and comparison of liquid products
yield using thermal degradation (degradation time, 120),
Mg, MgO and MgCQ; catalysts (time, 30 min; polymer to
catalyst ratio, 1 : 0.3) for the degradation of EPS.

mized for maximum conversion of EPS into liquid products.
2-1. Effect of Catalyst Contact Mode

In EPS catalytic degradation process, two modes of catalyst intro-
duction to the EPS were studied. In a batch reactor MgO and MgCO;
were introduced as a solid and liquid form for catalytic degradation
experiments. In batch cases the catalysts were mixed with poly-
mer, placed in the reactor and heated at 400 °C for 2 h. The volatile
products were cooled and analyzed. It has been observed that liquid
phase of catalyst retards the escape of products, and the yield of
liquid from catalytic degradation of EPS was lower as compared to
solid catalyst.
2-2. Effect of Temperature

The effect of temperature on thermal and catalytic degradation
of EPS was studied in the range of 250 °C to 500 °C (Fig. 2). Most
of the previous studies reported the degradation of PS with fixed
temperature [19,24] or with low limits of the reactor temperature,
for example, most autoclaves can be operated up to a certain tem-
perature like 250 °C and 427 °C [23,25]. Our preliminary experi-
ments and literature survey show that the yield of styrene mono-
mer and associated component products like benzene, toluene and
ethylbenzene increased with the increase of degradation tempera-
ture [26-29]. Where further increase from 500 °C showed decrease
in the yield of styrene monomer as well as benzene, toluene and
ethylbenzene products [26]. Some studies have reported decrease
of styrene monomer with thermal degradation in the presence of
benzene or toluene as solvents [30,31], but for cost effective meth-
ods low cost catalyst must be preferred. Therefore, the acceptable
and most observed temperature range from 250-500 °C was selected
for cost-effective method in order to yield maximum liquid products
and high selectivity of the product contents. In the current study
thermal degradation was carried out in 120 min, while with catalysts
each reaction was carried out in 60 min degradation time using poly-
mer to catalyst ratio 1:0.3. The amount of liquid increased with
increase in temperature and maximum yield of liquid obtained at
500 °C with thermal degradation (74.134+4.05 wt%) and using Mg
as catalyst (76.87+0.50 wt%). The maximum amount of liquid 57.80+
0.53 wt% and 43.27+0.42 wt% was obtained at 400 °C with MgO
and MgCO; catalysts, respectively. Further increase in temperature
did not show any increase in the yield of liquid but the amount of
residue was decreased with the increase of gases in case of Mg and
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Fig. 3. Effect of time and comparison of liquid products yield using
thermal degradation (temperature, 450 °C), Mg (tempera-
ture, 450 °C; polymer to catalyst ratio, 1 : 0.3), MgO (tem-
perature, 400 °C; polymer to catalyst ratio, 1: 0.3) and
MgCO; (temperature, 400 °C; polymer to catalyst ratio, 1 :
0.3) catalysts for the degradation of EPS.

MgO catalysts. At lower temperature the residue formation indi-
cated competitive crosslinking reaction, which produced hurdles in
the degradation of PS and its resulting products [27].
2-3. Effect of Time

The Effect of heating time on thermal and catalytic degradation
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Fig. 4. Effect of polymer-to-catalyst ratio and comparison of lig-
uid products yield using Mg (temperature, 450 °C; time, 30
min), MgO (temperature, 400 °C; time, 120 min) and MgCO,
(temperature, 400 °C; time, 120 min) catalysts for the deg-
radation of EPS Thermal degradation means no catalyst
was used (temperature, 450 °C; time, 150 min).

Table 1. Major compounds in the degradation liquid from EPS

at 1.47 MPa and 400 °C (wt%)
Catalyst
Compound Thermal
Mg MgO MgCO;

Benzene 1.27 1.27 1.32 1.0
Toluene 27.0 27.6 350 34.0
Ethylbenzene 39.0 28.0 400 45.0
Styrene 21.0 25.0 10.0 5.0
Isopropylbenzene 0.9 2.5 0.9 2.6
Alpha methyl styrene 0.33 1.2 1.0 2.1
1,3-Diphenyl-propane 0.6 2.56 1.2 2.5
Others 9.9 11.87  10.58 7.8

Korean J. Chem. Eng.(Vol. 31, No. 8)



1392 J. Shah et al.

of EPS was studied from 30 min to 150 min at optimum tempera- time has not been studied in most of the studies and the degrada-
ture (Fig. 3) using polymer-to-catalyst ratio of 1:0.3. The effect of tion of PS has been carried out for a fixed reaction time [19,23].

Table 2. List of component products formed using thermal degradation (temperature, 450 °C; time, 150 min), Mg (temperature, 450 °C;
time, 30 min), MgO (temperature, 400 °C; time, 120 min) and MgCO (temperature, 400 °C; time, 120 min) catalysts

Percent composition

S.No.  Product name Structure
Thermal Mg MgO  MgCO,

1 Toluene 2.6 2.7 4.1 6.3

-

2 Ethylbenzene 1.1 1.0 2.2 7.6

3 Styrene 50.4 66.6 54.5 55.2

R

A\

4 Benzene, (1-methylethyl)- ‘ 0.06 0.34 0.15 1.28

5 Alpha.-Methylstyrene @W‘/ 1.7 1.5 3.7 5.7
6 Benzene, 1,1-(1,3-propanediyl)bis 2.5 24 5.4 6.3
7 Benzene, 3-butynyl 22.5 0.0 17.1 8.6
Z
8 Benzene, (1-methyl-3-butenyl) \_ﬁ/@ 1.5 1.5 22 1.0
9 Benzene, 1,1~(2-methyl-1-propenylidene)bis ‘zr 0.0 0.0 0.0 0.7
X

o
0
10 1,2-Propanediol, 3-benzyloxy-1,2-diacetyl o 12.9 19.2 5.0 2.6

11 Other hydrocarbons - 4.7 3.8 5.7 4.7
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The effect of reaction time has a profound effect on the degrada-
tion of EPS and reaction products, i.e., liquid products. In the cur-
rent study, the effect of time was checked for the degradation at a
fix optimized temperature. The yield of liquid products was 78.07+
0.64 wt% with thermal degradation time (150 min) as compared to
thermal degradation; the liquid yield was 82.20+3.80 wt% with 30
min heating using Mg as a catalyst, and with MgO and MgCO; cata-
lyst maximum liquid obtained was 91.60+0.20 wt% and 81.80+
0.53 wt%, respectively for 120 min heating time. Negligible amount
of residue 0.60£0.40 wt% was obtained using Mg catalyst with 99.40
wt% total conversion. The yield of liquid products was high and
low cost with all catalysts as compared to previous studies. Ukei et
al. [21] reported catalytic degradation of PS with maximum liquid
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yield 93.4 wt% producing 76.4 wt% styrene at 450 °C for 180 min
and Lee et al., [14] found SiO,/ALO; catalyst with maximum 83.5
wt% of liquid products at 400 °C for 120 min.
2-4. Effect of Polymer-to-catalyst Ratio

All the three catalysts, Mg, MgO and MgCO,, were used in poly-
mer-to-catalyst ratio of 1:0.1 to 1:0.5 for the catalytic degrada-
tion of EPS at optimum temperature and time (Fig. 4). It is evident
from the previous studies that catalyst selection has a profound role
in the degradation of polymer and as well for the selectivity of prod-
ucts. Many researchers have reported the impact of polymer-to-cata-
lyst ratio on the degradation of EPS [25,28]. In the current study
the effect of polymer-to-catalyst ratio was checked for the degrada-
tion of EPS, for all catalysts the liquid yield was increased with in-
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Fig. 5. Chromatogram of the liquid products obtained with thermal degradation at 500 °C and 120 min reaction time.
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Fig. 6. Chromatogram of degraded products using Mg catalyst at 450 °C, 30 min reaction time and 1 : 0.3 polymer-to-catalyst ratio.
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crease in feed ratio from 1:0.1 to 1:0.3 and small decrease was
observed with further increase in feed ratio. Therefore, polymer-to-
catalyst feed ratio of 1 : 0.3 was used in further degradation process.

At optimum conditions maximum liquid yield and gas was ob-
tained with minimum residue using all the three catalysts. The total
percent conversion was 99.40 wt%, 98.60 wt% and 94.87 wt% with
Mg, MgO and MgCO; catalysts, respectively.
2-5. Effect of Pressure

The catalytic degradation experiments were performed in a closed
batch reactor equipped with internal pressure measurement gauge.
The reactor vessel was fitted with a gas inlet and gas outlet valve
(served for volatile components sampling). Each experiment was
conducted with an initial nitrogen pressure of 0.3 MPa. Due to the
experiments being in a closed batch reactor, hot gases from the cata-
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Iytic degradation process increased internal pressure. The catalytic
degradation experiments were subjected to pressure produced by
the gases from degradation process whose extend depends on the
amount of gas produced and the reaction temperature. At the end
of the experiment, the pressure was measured, the reactor was cooled
rapidly until room temperature and again the pressure was meas-
ured. The experiment was performed at optimum conditions of the
batch reactor without adjusting initial pressure by nitrogen. The re-
sults are given in Table 1. The major compounds include benzene,
toluene, ethylbenzene, and styrene. It appears that with increase in
pressure, light aromatic hydrocarbons dominate the liquid fraction.
Styrene monomer decreased from 50 wt% to 20 wt% in thermal
degradation with increase in pressure. The same trend in decrease
of styrene monomer was also observed with Mg, MgO and MgCO,
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Fig. 7. Chromatogram of degraded products using MgO as catalyst at 400 °C, 120 min reaction time and 1 : 0.3 polymer-to-catalyst ratio.
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Table 3. Comparison of reaction conditions, reaction products and its composition of the current study with literature reported work

Current methods Literature methods

Catalyst -
Thermal Mg MgO MgCO; BaO [21] Si0,/AlL,0; [22]

Reaction conditions
Temperature (°C) 500 450 400 400 450 400
Time (min) 150 30 120 120 180 120
Pol. to Cat. ratio - 1:03 1:03 1:03 - -
Contents of products (Wt%)
Liquid yields 78.07 82.20 91.60 81.80 93.40 83.5
Gas and cokes yields 20.40 17.20 7.00 13.07 - 11.70
Residue 1.53 0.60 1.40 5.13 3.20 4.80
Contents of liquid (wt%)
Benzene 0.06 0.06 0.08 - - 1.90
Toluene 2.64 2.73 4.05 6.28 1.60 4.70
Ethylbenzene 1.09 0.88 223 7.59 0.20 22.60
Styrene 50.36 66.56 54.53 55.23 76.40 36.00
Isopropylbenzene 0.06 0.34 0.15 1.28 0.04
a-Methylstyrene 17.02 1.52 3.74 5.72 1.40 7.60
1,3-Diphenyl-propane 2.53 242 5.40 6.30 18.30 -
Other 26.24 25.49 29.82 17.60 2.10 27.16

catalysts. However, significantly increased concentration of toluene
and ethylbenzene was observed with increase in pressure. A decrease
in styrene and increase in ethylbenzene concentration in the liquid
product indicates that ethylbenzene formed from the hydrogena-
tion of styrene. Styrene the degraded product of EPS is known to
be very reactive and may be the reason for low levels of styrene in
the liquid product at higher pressure.
3. Composition of Liquid Products

The liquid products obtained from thermal and catalytic degra-
dation at optimum conditions were dissolved in acetone and analyzed
for their chemical composition by GC-MS. The results of analysis
are given in Table 2 in terms of weight percent of liquid products
analyzed, and GC-MS spectra are shown in Figs. 5-8 for thermal
degradation, Mg, MgO and MgCO,; catalysts, respectively.

GC-MS analysis of the liquid consisted entirely of aromatic com-
pounds and the content of any aliphatic compounds was below the
detection limits in the presence of their predominant aromatic coun-
terparts. These hydrocarbons included toluene, ethylbenzene, sty-
rene, oemethyl styrene and benzene, 1,1(1,3-propanediyl)bis. Basic
catalysts like BaO have been reported as having good selectivity
for styrene monomer [21], whereas metal catalysts have also been
reported for the efficient, rapid degradation of polystyrene [5,32].
Mg metal catalyst was used to act as synergist as well as catalyst
with its basic compounds i.e. MgO and MgCO, using indigenously
designed glass reactor and heating assembly in order to compare
the composition of yielded products. Percent composition of liquid
showed that styrene monomer is the predominant compound in the
liquid obtained from different catalytic as well as thermal degradation
process. Maximum amount of styrene (66.6 wt%) was obtained from
Mg catalytic degradation, while with MgO (54.4 wt%) and MgCO,
catalysts (55.2 wt%) almost the same amount of styrene was formed.
The presence of high molecular weight aromatic hydrocarbons like
benzene, 3-butynyl in case of base catalysts indicates that along
with depolymerization processes, ring opening, dehydrogenation,

hydrogenation and cyclization processes also took place [18,21].
The yield of oxygen-containing compounds might be formed with
the reaction of atmospheric oxygen and any residue present in the
waste EPS samples [5]. The reaction conditions and components
of liquid products were also compared with each other and previ-
ous reported methods and presented in Table 3.

4. Selectivity of Compounds

After the characterization data of GC-MS, the liquid obtained
with thermal and catalytic degradation was separated into different
fractions using fractional distillation to recover the hydrocarbons
selectively. Fractions obtained by the fractional distillation of par-
ent liquids derived from the degradation of waste EPS were char-
acterized by different parameters like density (d,s), refractive index
(15)), and molar refraction (¥M) for the identification of different
fractions whose results are given in Table 3.

As can be seen from Table 3 data, during fractional distillation
the residence time of liquid increases and further degradation occurs
in the liquid with the decrease in percentage of styrene from 50.4
wt% to 35.0 wt%, c-methyl styrene from 1.7 wt% to 0.0 wt% and
other compounds also. While, increase of toluene from 2.6 wt% to
51.0 wt% was observed, which confirms further degradation into
low molecular weight hydrocarbons with increase of time. The ther-
mal degradation process could be used selectively for recovery of
toluene (51.0 wt%) and styrene monomer (35.0 wt%). During frac-
tional distillation the percentage of styrene in liquid derived from
Mg catalytic degradation, decreased from 66.6 wt% to 43.0 wt%.
In the liquid derived from MgO and MgCO; catalytic degradation
also decreased in styrene wt% which is less with the use of MgCO,
catalyst. The study reveals that Mg catalytic process could be used
for styrene monomer recovery (43.0 wt%), benzene (1-methyl-3-
butynyl) (14.0 wt%) and 1,2-propanediol, 3-benzyloxy-1,2-diacetyl
(18.0 wt%), MgO catalyst for toluene (11.5 wt%), ethylbenzene
(35.0 wt%), styrene monomer (23.8 wt%) and ormethylstyrene (11.0
wt%), while MgCO; catalyst mainly for toluene (15.8 wt%) and

Korean J. Chem. Eng.(Vol. 31, No. 8)
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Table 5. Physical parameters of standard compounds

Compound name Density (d) g/ml Refractive index (7) Molar refraction (y M)
Benzene 0.873 1.5010 26.253
Toluene 0.872 1.4967 31.078
2-Phenone, 4-hydroxy-4-methyl 0.868 1.4970 35.802
Ethylbenzene 0.868 1.4970 35.802
Styrene 0.903 1.5460 37.177
Cumene 0.862 1.4910 40.438
Benzaldehyde 1.050 1.5450 33.006
alpha.-Methylstyrene 0.872 1.5450 42.002
Benzene, 1,1'-(1,3-propanediyl)bis 0.984 1.5600 64.922
Phenanthrene 1.130 1.7150 61.938
Benzene, 3-butynyl 0.936 1.5290 42.896
Benzene, (1-methyl-3-butynyl) 0.872 1.5020 49.429
1,2-Propanediol, 3-benzyloxy-1,2-diacetyl 1.225 1.5420 68.393

styrene monomer (51.9 wt%). The decrease of styrene monomer
in case of Mg catalyst might be because of the recombination of
styrene and/or condensation and degradation to new high molecu-
lar weight aromatic hydrocarbons via H-abstraction followed by
cyclization or leading the formation of head-to-head structures [33],
while the formation of toluene and ethylbenzene in case of liquids
obtained with Mg, MgO and MgCO, catalysts is because of further
cracking of styrene or dimers and hydrogenation [21,27].

Refractive index and density of each fraction from fractional distil-
lation was measured for calculation of molar refraction given in
Table 4. The molar refraction values of standard compounds used
for comparison are given in Table 5. The molar refraction values of
aromatic compounds from different catalytic degradation of EPS
are in close agreement with the standard compounds molar refrac-
tion values which confirm the compounds.

CONCLUSION

The catalytic degradation of waste EPS with different forms of
magnesium as a catalyst was carried out with the aim to use a low
cost catalyst for selective conversion of waste EPS into valuable
hydrocarbons and resource recovery. The present method gave more
selective products with good yield. The compounds with higher
yields are mostly low molecular weight aromatic compounds instead
of high molecular weight polyaromatic hydrocarbons, which indi-
cates that the method is environment friendly. The degradation re-
sulted in selective production of aromatic hydrocarbons. Maximum
recovery of styrene (43.0 wt%) could be achieved with Mg (metal)
catalyst, styrene (23.8 wt%) and ethylbenzene (35.0 wt%) with MgO
catalyst while 51.87 wt% styrene and 15.81 wt% toluene with MgCO;
catalyst.
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