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Abstract

Chemical oxidization of polymers wastes that manufactured mainly from commodity plastics LDPE, HDPE, PP and PS were
applied using different inorganic oxidize agents (KMnOy), (K;Cr,0;), (Hs1Og), (KIO;) and (NH.),Ce(SO,) in presence of
oxalic acid , sulphuric acid, potassium hydroxide and water. The investigated polymers wastes were chemically oxidized
either directly from solid or after thermal cracking from oil. Spectrophotometric studies of the polymers wastes and their
oxidize materials were investigated. Chemical identification analyses of the produced materials after oxidation have shown
appearance of a new functional groups distribute between carbonyl groups and carboxyl or hydroxyl groups. Obvious
diminution in the average molecular weights of the polymers wastes and their softening points were recorded for their
oxidize materials after oxidation. A comparison study in thermal behaviors of the polymers wastes and their oxidize
materials were added another confirmations that the new oxidize materials formed have lowering their thermal stability after
oxidation as it was shown along the thermogram scale. The oxidize waste materials were changed completely from elastic
compositions to either solid has powder form or liquid with brown oily appearance.
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Introduction

Recycling of consumed and landfill waste polymers is an
important economical and environmental issue among different
insist matters. Reduction of huge volume of polymer wastes and
keeps the polymer raw materials for a long time was the goal'.
Thermal cracking and thermal degradation are the most known
and used processes in which polymer materials are recycle.
Commercial Polymers were developed in order to produce
original goods have long use life under thermal degradation
influence”.

Oxidation of polymers under thermal influence will create new
functional groups along the polymer chains’. Thermal oxidation
of polymers will degraded their chains into short segments
beside the functional groups occurrence. Polymer structure has
significant influences on chain oxidation and fragmentation
processes. No sufficient regions presence for molecular motion
of polymer segments, heterogeneity of polymers structures and
diminution of oxygen diffusion coefficient will reduce polymer
chain oxidation and destructive processes”.

Polypropylene PP as a matrix material was treated with
oxidizing agent, and its thermal stability and mechanical
behavior were increased’. The study of oxidation of low-density
polyethylene LDPE as commercial polymer using some
oxidizing agent solutions have shown some surface changes
such as new functional group were added, give good water
wettability and adhesion properties®'® . The branched structure
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of LDPE will allow for the formed functional groups along the
polymer chains to appear at different sites like their tertiary
carbons also at their backbone methylene groups in addition to
their double bonds. While the linear structure of a high- density
polyethylene HDPE will not allow after oxidative attacks for the
forming of functional groups and are limited only to the
methylene groups''. Colour removal as well as rigidity and
change in polymer surface are yields by oxidative degradation
of the polymer according to its structure. The presence of the
double bonds in the polymer such as some rubbers will help
easily for oxygen attack'’. Rubber, on oxidation may yields
aldehyde and other products such as formic acid, acetic acid and
carbon dioxide. In the some time when the double bonds of the
rubber are attack by ozone to form an ozonide which hydrolyzed
and its double bond will be cleaved to produce ketonic and
aldehydic groups". Polyethylene was studied through acid-base
catalyzed reaction, where chromic acid and / or potassium
dichromate for oxidation were studied. In the case of acid-
catalyzed reaction the chromic acid and / or potassium
dichromate was applied in presence of sulfuric acid.

CrO;  +H,S0, CrO,” + 2H" + SO;

K2Cr207 + 2H2SO4%2KHSO4 + H20 + ZCTO3

K2Cr207 + 4H2$O4ﬁ2KHSO4+H20 +2CI'O4-2+ 4H++ 2SO3

while sodium hydroxide, beside potassium dichromate has been
used in base-catalyzed reaction.

Cr,0,7 + 20H ——> 2Cr0,” + H,0
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The functional groups of hydroxyl as polymer side groups were
found along the linear chains of polyethylene on initial thermal
oxidation of the polymer which leads to ketone- carbonyl groups
on further oxidation of the hydroxyl groups followed by chain
cleavage with the formation of carboxyl groups (acid and
ester)M.

Recycling techniques of polymer wastes could be classified
according to the type of energy applied to mechanical recycling,
chemical recycling, energy recovery and primary recycling.
Chemical recycling is considering one of the most popular
techniques which are also called feedstock or tertiary
recycling'.

In the present work, chemical oxidation was carried out on the
following polymers LDPE, HDPE, PP and PS. The chemical
oxidize process was applied either directly on polymers wastes
or it was carried out after thermal crack process of the polymers.
For comparison, many oxidize agents have been used such as
KMnOy4; K,Cr,0O7; HsIOg; KIOs5; and (NHy),Ce(SO4) beside
oxalic acid, sulphuric acid potassium hydroxide and water. FT-
IR spectra, average molecular weights and softening point
temperatures of the tested polymers and their oxidized materials
were investigated. In addition, chemical identification analyses
of important functional groups belong to produced oxidize
materials of the examined polymer were carried out for both
cracked and un-cracked polymer samples.

Methodology

Raw materials: Waste Samples of LDPE, HDPE, PP and PS
polymers were collected from garbage that has been ready to
throw out to landfills. Potassium permanganate (KMnOy),
Potassium dichromate (K,Cr,O), Periodic acid (HsIOg),
Potassium iodate (KIO;3), Cerium (IV) ammonium sulfate
(NH4),Ce(S0O,), Potassium hydroxide (NaOH), Oxalic acid
(C,04H,) and sulphuric acid (25-28%) (H,SO,), and the
solvents N, N-dimethyl aniline, acetone, benzene, toluene,
decaline were supplied by Fluka, Switzerland. The used
reagents were applied without further purification.

Preparation of the polymer waste samples: The collected
waste samples of LDPE, HDPE, PP and PS polymers as empty
containers and out of use were washed, shredded then grinded
into small particles not more than Smm size. The polymer waste
particles were dried for water removal, and finally prepared for
direct chemical oxidation or for thermal cracking and then to
chemical oxidation.

Thermal treatment of the polymer waste samples: Polyolefin
Waste samples were thermally treated alone with no catalyst.
Where 5g polymer sample was putted into 100g round bottom
flask supplied with a horizontal condenser and stirrer. The
polymer samples were distilled at their boiling temperature and
the distillate of each was collected into dry flask, closed and
kept at -10°C.
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Oxidation of the polymers: Chemical oxidation of LDPE,
HDPE, PP and PS waste samples was carried out and for both
un-cracked solid and thermally cracked (distillate) samples'®.
Where 2g of each un-cracked teste polymers were dissolved in
SmL N,N-dimethyl aniline except PS sample where dissolved in
SmL acetone. Whereas 4mL of distillate samples after thermal
cracking was used directly without solvents. 250mL round
bottom flask contain long condenser and stirrer was used for
boiling the 100mL solution which prepared from examined
polymer and oxidizing agents as shown in Table-1. The flask s
content was kept at its boiling temperature for 30 min. Then the
flask was cooled.

The oxidizing products for un-cracked samples were consisting
of solid and liquid materials. Whereas the cracked samples have
shown their products after oxidation as oxidize liquid materials,
which divided into two portions. The first product portion was
extracted by suitable solvent, then the solvent was evaporated to
get pure oxidize oily. And to the second portion a suitable
precipitator was added and a pure oxidize white precipitate was
produced. Which was washed, filtered and finally dried under
vacuum at 50°C for 8h.

FT-IR characterization: The chemical structure and the
specific functional groups of the polymer waste samples, before
and after oxidation were investigated by recording their
characteristic functional groups from FTIR spectra. The applied
instrument was an FT-IR spectrophotometer of Tensor
Co.Brucker, 2003, Germany. Where the wave number rang was
recorded at 450 to 4000cm’.

Polymer molecular weight and softening point
determination: The molecular weight of the polymers wastes
was determined. The intrinsic viscosity [n] for LDPE, HDPE,
PP and PS polymer and their oxidize materials were carried out
using Ubblohde viscometer and in specific solvent and
temperature as it is shown in Table-2. The intrinsic viscosity [n]
of the polymers was drawn for calculation of their viscosity-
average molecular weight (Mv), depending on Mark-Houwink
equation

[n]=K Mv* (1)

where, K and a are constant for a given polymer at the solvent
and the temperature used.

Softening point of the polymer waste samples and their
oxidizing materials were carried out using melter instrument
type Electro thermal 9300 engineering LTD.

Thermal analysis measurements: Thermogravimatric analysis
(TGA) of the polymer waste samples and their oxidize products
beside their differential scanning calorimetry (DSC) were
measured on a TG analyzer (TG / DTA-SDT Q600 V20.9 Build
20), the samples were subjected to heating at a rate of 10°C/min
and under a nitrogen atmosphere in the temperature range of 50-
600°C.
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Table-1
Oxidizing solution compositions used in chemical oxidation process of polymer samples
Polymer concentration Oxidizing solution composition
I;"'yml"r Un- Crack. | KMnO,K,Cr,0,HsI0, | Oxalic | Sulphuric KOH
ample crack. Ty (NH,),Ce(SO,) or KIO; acid acid % wiv H,0
Y0 vIv* ¢ %0 wiv Y0 wiv Yo vIv ¢
LDPE 5.0 4.0 1.8 18 14 1.5
HDPE 5.0 4.0 2.5 22 2.3 1.8 Continued
PP 5.0 4.0 2.3 2 2.1 2.0 to 100mL
PS 5.0 4.0 2.0 20 1.9 1.7

*2g Un-crack polymer samples were dissolved in SmL N,N-dimethyl aniline, except PS sample where dissolved in SmL acetone.

Mark-Houwink equation constants of the polmiil:'lz;ilples at their specific solvent and temperature
Polymer sample Solvent Temp(°c) Kx10*(ml.g™) a
LDPE Decalin 135 67.7 0.67
HDPE Decalin 135 67.7 0.67
PP Benzene 78 27.0 0.71
PS Toluene 25 38.0 0.63

Results and Discussion

Chemical oxidation of the wastes of the most commercial
known polymers LDPE, HDPE, PP and PS has been done using
different oxidizing agents. The process leads to a modification
and segmentation in polymer chains with addition of new
functional groups. The Chemical oxidation process is
considered as an acceptable technique in recycling project of
polymers wastes. Where the steps of such recycling technique
are easy, cheap and use moderate conditions.

Chemical Oxidation of polymer waste samples: The chemical
oxidation process was mainly used for recycling of the polymers
wastes of LDPE, HDPE, PP, and PS because they are aliphatic
hydrocarbons have no active functional groups could be used for
chemical reactions, means are chemically inactive, while their
resulted oxidation products give a new materials have a new
functional groups and the process could change the wastes into
useful applicable materials. Chemical oxidation of the solid
waste samples LDPE, HDPE, PP and PS (un-cracked) have been
done directly in presence of different oxidizing solutions. The
waste samples after oxidation have been changed completely
into another new mixture contain a solid and liquid materials.
The first look at oxidize solid product would shows materials
completely different have new properties such as a new
components and color with a sharp decrease in their elasticity.
Functional groups characterizations were applied for

International Science Community Association

identification of solid and liquid unknown oxidizing produced
materials. The identification applied tests, Table-3 and 4 are
(2,4-dinitrophenyl hydrazone, Tollens, Iodoform, Lucas,
xanthate and iodate-iodide) test, which are wused for
identification of carbonyl groups of aldehyde and ketone,
aldehyde, pB-ketone and alcohol, classification of alcohol,
hydroxyl group of alcohol and carbonyl group of carboxylic
acid, respectively. Those characterization tests have been shown
in Table-3, with no doubt, the appearance of new functional
groups along the examined polymers such as carbonyl groups
and carboxyl or hydroxyl groups which were found clearly in
both solid and liquid oxidize products, Table-3.

However, the oxidation of the thermally cracked polymers have
been also examined, where the colorless distillate polymer
solution became bright, shiny yellow solution immediately after
the addition of orange colored oxidize agent solution, which
finally changed to yellowish at the end of oxidation process .
The yellowish oxidized liquid as mentioned before has been
divided into two portions. One portion was extracted with
suitable solvent, and separated as oily product, whereas the
second portion was precipitated with suitable solvent and the
white solid precipitate has been filtered.

Chemical oxidation of the thermally cracked samples have been
shown more changes in their physical and chemical properties,
especially in case of PP because of its good leaving methyl side
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group. Significant changes in the color, form of the solid
precipitate polymer, beside large changes in its elasticity were
recorded. However, the positive identification tests were proved
that changes in chemical compositions of the polymer after
oxidation have been occurred through the formation of carbonyl
groups along the polymer chains, as it is shown in Table-4. The
collected solid precipitates after oxidation of the polymers,
whether oxidize directly or after thermal cracking they would
give after cooling white crystals with fine particles except
HDPE polymer which gave ordinary white powder precipitate,
whereas LDPE and PP polymers have shown very fine and
strong needle crystals.

FT-IR characterization of chemically oxidize polymers: The
examined samples after chemical oxidation have shown
different FT-IR characteristic frequencies in comparison with
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original polymer samples at specific bands along the spectra,
Figures-1-4 and Table-5. The chemical oxidization of the
polymers has shown new FT-IR characteristic peaks. Certainly,
an actual changes in the FT-IR spectra after chemical oxidation
of LDPE was studied and Figure-1(B) has shown specific bands
at frequencies of 1604cm™ and 1740cm™ of (x(C == O)str) are
related to enolic B-diketone and o-B-unsaturated ketone
respectively. The absorption bands at 1584cm™ and 1313cm™ of

(x( G )str), Figure-1(B) are related to carboxylate anion
(x(C == O)str) of antisymmeric and symmetric groups,
respectively. In addition, LDPE after oxidation its FT-IR spectra
has shown an broad band at 3245cm™ of(¥(O—H)y,) is related
to hydroxyl group and two characteristic bands at 1441cm™ and
1278cm™ of (¥(C—OH)gep) and (x(C—O)y,) .

Table-3
Identification tests applied on un-crack oxidize polymer samples used for functional groups characterization

. . Un-crack oxidize polymer samples
Id"“{,f;ift‘"“ LDPE HDPE PP PS
Solid Liquid Solid Liquid Solid Liquid Solid Liquid
2,4-dinitro phenyl
-ve +ve -ve +ve -ve +ve -ve +ve
hydrazone
Tollens -ve -ve -ve -ve -ve -ve -ve -ve
weak weak weak weak
Todoform +ve +ve -ve -ve
+ve +ve +ve +ve
Lucas -ve -ve -ve -ve -ve -ve -ve prmary
+ve
xanthate -ve -ve -ve -ve -ve -ve -ve +ve
Todate-iodide strong +ve strong +ve +ve +ve -ve -ve
+ve +ve

*2,4-dinitrophenyl hydrazine, Tollens, Iodoform, Lucas, Xanthate and Iodate-iodide tests are used for identification of carbonyl
groups of aldehyde and ketone, aldehyde, f-ketone and alcohol, classification of alcohol, hydroxyl group of alcohol and carbonyl

group of carboxylic acid, respectively.

Table-4
Identification tests applied on thermally cracked and oxidizes polymer samples

) . Thermal cracked and oxidize polymer samples

Ide“tT‘ESff‘t“’“ LDPE HDPE PP PS

Solid Oily Solid Oily solid Oily Solid Oily
2,4-dinitro
phenyl hydrazone -ve +ve -ve +ve -ve +ve -ve +ve
Tollens -ve -ve -ve -ve -ve -ve -ve -ve
weak Weak
Todoform -ve +ve -ve +ve -ve -ve
+ve +ve

Lucas -ve -ve -ve -ve -ve -ve -ve +ve
xanthate -ve -ve -ve -ve -ve -ve -ve +ve
Todate-iodide -ve +ve -ve +ve +ve +ve -ve -ve
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FTIR spectra of LDPE original waste polymer (A), and LDPE oxidized materials after chemical oxidation (B)
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FTIR spectra of HDPE original waste polymer (A), and HDPE oxidized materials after chemical oxidation (B)
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FTIR spectra of PP original waste polymer (A), and PP oxidized materials after chemical oxidation (B)
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FTIR spectra of PS original waste polymer (A), and PS oxidized materials after chemical oxidation (B)
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DPE after oxidation has been shown different absorption band at
1682 cm’ of (x(C==0) str), Figure-2(B) Table-5, is related to
a-B-unsaturated ketone. The new absorption bands that appeared
at 1602cm™ and 1384cm™ of (X(c: S )str) are related to
antisymmetric and symmetric groups of carboxylate anion,
respectively, and 3227cm’1, 1462cm™ and 1267cm™  of
(¥(0—H)y), (3(C—OH)q4r) and (x(C—O)y,) respectively, are
related to carboxylic group, Figure-2(B), Table-5.

)str) Figure-3(B), Table 5, is related to enolic B-diketone of PP
polymer waste after chemical oxidation. In addition, the bands
which are appeared at 1598cm-1 and 1396cm-1 of (x(
£2—===%3 )str) are related to the antisymmetric and symmetric
groups of carboxylate anion, respectively . Moreover, the
absorption bands that appeared at 342lcm’, 1458cm™ and
1260cm”  of (s(O—H)y), ((C—OH)ge) and (3(C—O)y)
respectively, are related to carboxylic group, Figure-3(B),
Table-5.

Finally, the FT-IR spectra of PS polymer after chemical
oxidation has been shown Figure-4(B), Table-5, disappear of
absorption bands at (2936 and 2841)cm'l of (¥C—H,) which
are related to the methyl groups in the vinyl polymer, and
appear of new absorption band at 3260cm™ of (x(O—H)y,) and
at 1113cm™ of (¥(C—0)y,.) which are related to hydroxyl group,

and at 1591cm™ and 1310cm™ of (x(%* ——%),,) which are
related to antisymmetric and symmetric carbonyl group
respectively,

Generally, the FT-IR absorption spectra of the polymers wastes
after chemical oxidation have been shown with no doubt the
appearance of carbonyl, hydroxyl and even carboxyl groups
along the polymer chains and their fragments or as polymer
chains end groups.

Molecular weight and softening point determination: The
polymer waste samples were investigated for their viscosity-
average molecular weight (Mv) and compared with their (Mv)
after oxidation, Table-6. The intrinsic viscosity of their solution
was determined according to Mark-Houwink equation, in a
suitable solvent and at a fixed temperature, using the correct
equation constants (K and a).

The final results have been shown obvious decline in Mv of all
examined samples after oxidation, which give indication that the
polymer chains were became short under the effect of chemical
oxidation reaction, means a new backbone carbonyl
functionality were established'®, and some polymer chain
segments were drop off as carboxylic segments from the
polymer main chains as the FT-IR investigations were shown.
For comparison, the decline in Mv of LDPE and PS samples
after oxidation was higher than that of HDPE and PP samples,
and that means LDPE and PS were oxidized chemically to the
higher extent and their main chains diminish more carbon
atoms.
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The liquid or oily state of solid polymer samples after oxidation
give another prove that the decline was occurred in their
molecular weights. Similarly, the decline in the softening point
temperature (T,°C) of the waste polymers after oxidation would
enhance the previous conclusions.

Thermal studies of the polymers wastes: Thermal cracking
and/ or chemical oxidation applied on the polymers wastes
samples would produce new materials having totally different
thermal behaviors. However, glass transition temperature Tg,
fusion enthalpy AHy, weight loss percentages and other thermal
variables were calculated from TGA, DTG and DSC
thermograms of the polymers wastes. The thermograms of some
polymers wastes Figure-5 and 6, in addition to the thermal
parameters shown in Table-7 and 8, where clear a great changes
after chemical oxidation in their thermal properties from stable
polymers at high temperatures to decomposed materials but
furthermore unstable even at lower temperatures. Where the
weight loss percentages (Wt%) of the waste polymers after
oxidation have been shown increase starting from initial
decompose temperature IDT to final decompose temperature
FDT and even at T30,°C, T490°C and Tsp°C in comparison with
the polymer sample before oxidation Figure-5 and 6, Table-7.
The high architectural structure of the polymer with its compact
chains would collapse after oxidation, and give thermally
unstable short oxidized segments most probably was in liquid to
oil form and rarely are solid with powder form.

The DTG-thermograms of the measured polymers Figure-5 and
6, Table-8, have shown one peak at certain high temperature
along the thermogram before oxidation represent maximum rate
of weight loss as a function of time which means the polymers
have thermal stability to their certain high temperature and after
that decomposed sharply and loss maximum of their weights per
minute. Whereas their DTG-thermograms after oxidation
Figure-5 and 6, Table-8, have been shown different shapes and
numbers of peaks represent a mixture of different oxidized
materials.

The DSC-thermograms studies of the examined polymers
Figure-5 and 6, Table-8, have been shown change in their heat
of fusion AH; from endothermic behavior before oxidation to
exothermic materials after oxidation except PS which shift to a
higher exothermic materials. Normally, the explanations of their
behavior are the formations of oxidized materials after chemical
oxidation have potential energy release to the calorimeter on
heating.

Effect of type of oxidize agent on oxidation process: The
chemical oxidation processes of the polymers wastes have been
carried out by different types of oxidize agents for comparison
to select the best agents. Practically, Cerium (IV) ammonium
sulfate (NH,),Ce(SO,4) has be shown chemically more oxidation
effects among all used oxidize agents and potassium
permanganate (KMnO,) was considered the second in its
sequence according to their oxidizing products. Where most of
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the characterized or identifiably tested polymer samples and permanganate. Where Cerium (IV) ammonium sulfate is a
their oxidized products previously mentioned is oxidized by powerful oxidant even higher potential in HClO, than is

either Cerium (IV) ammonium sulfate or potassium K,Cr,O; or KMnO,.
Table-5
FT-IR characteristic frequencies of main functional groups of polymer samples and their oxidize materials
FT-IR main functional groups
Before oxidation After oxidation
Polymer Wave number (cm™)
Sample i
XC'Hstr XC-HdEf XC'Hstr e
¥C-Hys | out of ¥C=0y;, . ¥C-Oy, | YO—Hg, ¥C-OHgt
strong weak Anti-
plane Symm
symm.
2915 2916
LDPE 2348 1471 718 1740 2858 1584 1313 1278 3245 1441
2916 2919
HDPE 2849 1462 749 1682 2856 1602 1384 1267 3227 1462
2914 2951
PP 2847 1472 719 1651 2885 1598 1396 1260 3421 1458
2954 1684
PS 2879 1437 748 1669 | T 1591 1310 1113 3260 | ------
Table-6
Average molecular weight (Mv) and softening point temperature of polymer samples
Viscosity-average molecular weight(Mv) g.mol™ Softening point temperature (T) °c
Polymer sample
Before oxidation After oxidation Before oxidation After oxidation
LDPE 22,026 8,913 119-121 80-82
HDPE 25,081 11,219 132-134 93-97
PP 27,407 18,743 155-165 110-120
PS 157,276 55,877 183-188 160-165
Table-7
Thermogravimetric analysis (TGA) of the of the polymer samples
TG-thermogram (weight loss %)
Polymer Before oxidation After oxidation
sample
IDT FDT T309°C T400°C Tsp9’C IDT FDT T309°C T400°C Tsp9’C
LDPE 6.0 99.2 1.6 5.6 98.5 11.4 88.6 46.4 62.5 83.5
HDPE 5.7 100.0 0.7 1.4 100.0 10.5 86.1 41.0 61.0 85.2
PP 7.2 98.3 2.0 4.7 68.0 13.5 80.9 44.4 59.0 78.9
PS 4.8 100.0 28.5 94.7 100.0 8.8 93.3 29.2 77.5 92.3
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Table-8
DTG and DSC data of the polymer samples
DTG-thermogram(mg min™) at decomposition DSC-thermogram (mW)
Polymer temperatures (C) Before oxidation After oxidation
sample
Before oxidation After oxidation Tg °C AH; J mg! Tg °C AH; J mg™
o 0.41(155°C), 0.46(220°C)
LDPE 3.56(481°C) 0.67(450°C) 110 0.870 59 -1.10
o 0.34(172°C), 0.32(250°C)
HDPE 4.10(483°C) 0.45(442°C) 123 0.930 68 -1.23
o 0.11(166°C), 1.2(227°C)
PP 2.86(384°C) 0.87(325°C) 130 0.566 64 -0.84
o 0.14(128°C), 1.08(321°C)
PS 1.86(386°C) 0.29(430°C) 100 -0.853 33 -0.91

L L L L L L L L L n
50 100 150 200 250 300 350 400 450 500 550 600
Temp Cel

Figure-5
Thermal analysis of HDPE Original waste sample (A), and HDPE product materials after oxidation (B)

L L L L ! I
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ol

L L L L L s
50 100 150 200 250 300
Temp

c

Figure-6
Thermal analysis of PS original waste sample (A), and PS product materials after oxidation (B)

Conclusion

The wastes of LDPE, HDPE, PP, PS plastic, the most popular
plastics that collected from household commodities were treated
chemically for recycling. The polymer recycling technique by
chemical oxidation was found to be completely changes in
plastic wastes from polymers into new non-polymeric materials
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having different chemical and physical properties. The technical
characterizations occurred by chemical identification analysis of
plastic waste materials after oxidation were shows appear of
new functional groups in the non- polymeric products such as
carbonyl group and carboxyl or hydroxyl groups. The decline in
molecular weight of the polymers samples after oxidation and
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softening point temperatures of their solid residual was another
proves for cleavages in the polymer chains. The change in
thermal characterizations of the polymers wastes after oxidation
was indicated that these polymers were lost their compactness
and chains entanglements. In addition, their oxidized products
were behaved exothermally with more than one decomposition
temperatures peaks which prove that each polymer sample after
oxidation give different oxidized materials. Cerium (IV)
ammonium sulfate in addition to the potassium permanganate
were gave the best oxidizing actions for LDPE, HDPE, PP and
PS polymer among all used oxidize agents.
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