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Fig. 1: A model of the manufactured aluminum mold.
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Fig. 2: One of the manufactured models is shown after surface treatment.
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Fig. 3: Image of the electric oven used to expose models to the thermal physical effect.
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Fig. 4: The device used to determine the surface hardness values of manufactured specimens.
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Fig. 5: Shock resistance measuring device image.
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Fig. 6: Hardness of the prepared samples as a function of the nano addition ratios of FeSO4 for a heat
treatment time of 3 hours.
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Fig. 7: Hardness of the prepared samples as a function of the nano addition ratios of FeSQ4 for a heat
treatment time of 6 hours.
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Fig. 8: Hardness of the prepared samples as a function of the nano addition ratios of FeSO4 for a heat
treatment time of 9 hours
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Fig. 9: Shock resistance of the prepared specimens as a function of FeSO4 nano addition ratios for a
heat treatment time of 3 hours.
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Fig. 10: Shock resistance of the prepared specimens as a function of nano addition ratios of FeSO, for
a heat treatment time of 6 hours.
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Fig. 11: Shock resistance of the prepared specimens as a function of nano addition ratios of FeSQ4 for
a heat treatment time of 9 hours.
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Tble 1: X-ray spectrum of polystyrene base material.
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Fig. 12: X-ray spectrum of polystyrene base material.
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Peak Search Report (11 Peaks, Max P/N = 22.6)

[1162AR#10#20220330-084747_200.mdi] XRD SSC 30KV/20mA Slit:1deg &1deg &. 2mm Monochromator: ON

Ts-Td 200
PEAK: 13-pts/Parabolic Filter, Threshold=3.0, Cutoff=0.1%, BG=3/1.0, Peak-Top=Summit
2-Theta d(nm) BG | Height | 1% Area 1% FWHM XS(nm)
13.825 0.64002 | 201 2219 100 9483 71.1 0.727 11
16.623 0.53286 | 240 2054 92.6 | 10373 77.8 0.859 9
18.359 0.48285 | 260 1338 60.3 7607 57.1 0.967 8
20.848 0.42574 | 281 1972 88.9 | 13331 100 1.149 7
25.166 0.35358 | 307 302 13.6 1700 12.8 0.957 8
28.374 0.31429 | 316 301 13.6 1997 15 1.128 7
32.821 0.27265 316 81 3.7 422 32 0.886 9
36.255 0.24757 | 307 73 33 218 1.6 0.508 16
38.611 0.23299 | 298 84 3.8 646 4.8 1.307 6
42.211 0.21391 280 403 18.2 3329 25 1.404 6
45.618 0.1987 259 114 5.1 540 4.1 0.805 10
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Fig. 13: X-ray spectrum of the base material material supported by 20 wt% FeSO4 nanocomposites at
40°C for 9 hours.

Table (13): X-ray spectrum of the base material material supported by 20 wt% FeSO,
nanocomposites at 40°C for 9 hours.

13Peak Search Report (13 Peaks, Max P/N = 12.0)

[1162AR#7#20220330-081835_200.mdi] XRD SSC 30KV/20mA Slit:1deg & 1deg &. 2mm Monochromator: ON

Ts-Td 200
PEAK: 11-pts/Parabolic Filter, Threshold=3.0, Cutoff=0.1%, BG=3/1.0, Peak-Top=Summit
2-Theta d(nm) BG Height 1% Area 1% FWHM XS (nm)
12.001 0.73683 96 54 6.5 177 7.2 0.557 14
14.126 0.62645 285 652 78.5 2253 91.7 0.587 13
16.082 0.55068 363 831 100 1879 76.5 0.384 21
18.537 0.47827 375 357 43 967 39.4 0.46 17
21.218 0.41838 366 697 83.9 | 2456 100 0.599 13
25.739 0.34583 208 186 22.4 444 18.1 0.406 20
28.807 0.30966 196 158 19 955 38.9 1.028 8
35.576 0.25214 184 68 8.2 380 15.5 0.95 8
37.173 0.24167 188 51 6.1 212 8.6 0.707 12
42.927 0.21051 228 169 20.3 1176 47.9 1.183 7
54.106 0.16936 117 39 4.7 99 4 0.432 21
57.881 0.15918 110 51 6.1 201 8.2 0.67 13
74.875 0.12671 95 42 5.1 128 5.2 0.518 19
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Fig. 14: X-ray spectrum of the base material supported by 20 wt% FeSO4 nanocomposites at 60°C for

9 hours.
Table: 14: X-ray spectrum of the base material supported by 20 wt% FeSO4 nanocomposites at 60°C
for 9 hours
Peak Search Report (13 Peaks, Max P/N = 9.9)
[1162AR#8#20220330-083918_200.mdi] XRD SSC 30KV/20mA Slit:1deg&1deg&.2mm Monochromator: ON
Ts-Td 200

PEAK: 11-pts/Parabolic Filter, Threshold=3.0, Cutoff=0.1%, BG=3/1.0, Peak-Top=Summit

2-Theta d(nm) BG | Height | 1% Area 1% FWHM XS(nm)
14.032 0.63064 | 247 562 91.7 | 2008 534 0.607 13
15.985 0.55398 | 335 608 99.2 1302 34.6 0.364 22
18.482 0.47966 | 363 300 48.9 959 25.5 0.543 15
21.076 0.42117 | 355 613 100 3760 100 1.043 7
25.683 0.34657 | 208 145 23.7 476 12.7 0.558 14
28.708 0.31071 181 154 25.1 711 18.9 0.785 10
31.368 0.28494 | 142 45 7.3 130 3.5 0.491 17
35.413 0.25327 | 159 62 10.1 295 7.8 0.809 10
38.47 0.23381 151 50 8.2 123 33 0.418 20
42.631 0.2119 181 134 21.9 884 23.5 1.121 7
57.464 0.16024 87 37 6 263 7 1.208 7
70.416 0.1336 72 33 5.4 87 2.3 0.448 22
74.993 0.12654 78 40 6.5 111 3 0.472 21
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Fig. 15: X-ray spectrum of the base material supported by 20 wt% FeSO4 nanocomposites at 80°C for
9 hours.

Table 15: X-ray spectrum of the base material supported by 20 wt% FeSO4 nanocomposites at
80°C for 9 hours.

Peak Search Report (13 Peaks, Max P/N = 23.2)
[1162AR#9#20220330-084332_200.mdi] XRD SSC 30KV/20mA Slit:1deg&1deg&.2mm
Monochromator: ON Ts-Td 200
PEAK: 13-pts/Parabolic Filter, Threshold=3.0, Cutoff=0.1%, BG=3/1.0, Peak-Top=Summit
2-Theta d(nm) | BG | Height | 1% | Area 1% FWHM XS(nm)
14.222 0.62223 | 134 1545 | 67.7 | 7071 69.5 0.778 10
16.216 0.54613 | 138 | 2282 100 | 6742 66.3 0.502 16
18.63 0.47589 | 143 1035 | 454 | 6015 59.1 0.988 8
21.253 0.41771 | 147 1650 | 72.3 | 10176 100 1.048 7
25.627 0.34732 | 154 293 12.8 | 1808 17.8 1.049 7
28.801 0.30973 | 158 342 15 2408 23.7 1.197 6
31.903 0.28028 | 161 103 4.5 681 6.7 1.124 7
33.423 0.26787 | 162 125 5.5 1121 11 1.525 5
35.59 0.25204 | 163 159 7 894 8.8 0.956 8
36.798 0.24404 | 164 136 6 849 83 1.061 7
39 0.23076 | 165 156 6.8 1092 10.7 1.19 7
42.975 0.21029 | 165 393 17.2 | 3109 30.6 1.345 6
50.417 0.18085 | 163 51 2.2 413 4.1 1.377 6
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B A

Fig. 16: SEM image of the polystyrene prepared model (A) and the polystyrene prepared model
reinforced with FeSOQ4 nanocomposite (B).
The arrows in A represent linear chains in the polystyrene.
The arrows in B indicate the formation of cavities and gaps due to the addition of the
nanomaterial.
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Effect of Adding Nano Iron Sulfate on some Properties of Polystyrene Plastic
Waste under the Influence of the Thermophysical Factor

Abdullah R. Mohammed Ahmed N. Mahmood Rasheed M. Yousif
College of Environmental Sciences and Technology/ Department of Environmental Sciences/
University of Mosul
ABSTRACT

In this research, a polymeric composite material with a polystyrene basis reinforced with iron
sulfate (FeSO4) nanoparticles was manufactured at a percentage of (5, 10, 15, 20 and 25)%. The
manufactured samples were subjected to specific temperatures (T=40, 60 and 80) C° and for specific
periods of time (3, 6, 9) hours. The samples were subjected to surface hardness and impact strength
tests, to identify their ability to endure the thermophysical effect. These values differed with the
difference in the temperature of the sample treatment and also with the period of the exposure of the
samples to the thermophysical effect. Results showed that an increase in the values of surface hardness
when adding FeSO4 nanomaterial to the polystyrene with a concentration of 20% and temperature of
80C° and impact strength recorded the highest value when adding nanomaterial at 20% when exposed to
a temperature 40C° for 3 hours according to the control treatment, while those values began to decrease
when the percentage of FeSOs nanomaterial was increased to 25%. Results of X-ray diffraction
spectrum and Scanning Electron Microscope images showed the beginning of decomposition of
polystyrene reinforced with FeSO4 nanoparticles with a concentration of 20% under a temperature of
60C°.

Keywords: Iron sulfate, Polystyrene, Mechanical properties, X-ray diffraction, Scanning Electron
Microscope.



