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Conversion of polyolefin wax to carbon adsorbents by thermooxidation treatment
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Carbon adsorbents with different properties were obtained from furfural and mixture of furfural and polymer waste
(polyolefine wax) with different activation reagents and different conditions of treatment. The carbons obtained have
insignificant ash content. It was determined, that pore volume, pore size distribution and the chemical character of the
surface of the carbon adsorbents depend on the selected activation reagents and temperature of treatment. The IR
spectra and Boehm method show that various oxygen-containing groups with acidic (carboxylic, carboxylic in lactone-
like bonding, phenolic, hydroxyl and carbonyl groups) and basic character are present on the carbon surface. Our
investigations reveal that on the base of polymer waste, different activated carbons were obtained, and they could be
used as effective adsorbents for removal of toxic metal and organic pollutants.
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INTRODUCTION

Many materials in everyday life are produced
from plastics and other petroleum derivatives.
Plastics have unique properties and strong chemical
bonds, which are not biodegradable, thus
contributing to environmental pollution after use.
Utilization of plastic waste can be performed by
using of various methods of thermal destruction
including thermal cracking (pyrolysis), catalytic
cracking, gasification and hydrocracking. Pyrolysis
is often used as effective method to convert waste
plastic into useful products - fuels, lubricant oils,
different chemicals, etc.

There are a lot of investigations dedicated on
synthesis of carbon materials from polymer
materials — polymers, polymer resins and polymer
waste [1-21]. Thermoplastic polymers (poly-
ethylene, polypropylene, polyvinyl chloride, poly-
amide, polystyrene, polyacrylic, etc.) and thermo-
setting resins /epoxy resins, formaldehyde resins,
melamine resin, etc./ also are suitable precursors.
Polyvinyl chloride (PVC) as thermoplastic polymer
is suitable precursor for porous activated carbons,
synthesized by oxidation and subsequent procedu-
res of carbonization and activation [1-6]. PVC has
melting temperature of 160°C (but around 140°C it
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starts to decompose), and when heating is first
decomposed to hydrogen chloride and unsaturated
polymers, which decompose later to other low-
molecular products [7,8]. Some authors report
about preparation of polystyrene-based activated
carbon [9,10]. There are some papers concerning
polyethylene terephthalate PET utilization [11-14],
however the methods used are complicated, due to
the fact that the material is hardly degradable. Some
authors produced activated carbon (AC) from
polyurethane [15]. Others [11,16] used polyacrylo-
nitril (PAN) fibres to obtain porous carbon. There
are also some investigations dedicated to utilization
of paper [11] and automobile tyres [17,18].
Polyethylene is also potential precursor. The
bags used in grocery stores to carry foods and
goods are made of high-density polyethylene
(HDPE), and the bags usually used in department
and fashion stores are made of low-density poly-
ethylene (LDPE). Polyethylene is a product of
petroleum, a non-renewable resource which takes
many centuries to break down when put in a land-
fill. The composition of products from the pyrolysis
of pure polyethylene was studied by several
researchers [19-21]. Polyolefin wax ((CHy),H>,
where n ranges between about 50 and 100) is a by-
product from polyethylene production, and it is
formed as a result of side reactions, i.e. poly-
ethylene cracking at high temperatures (>400°C).

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

129



I. G. Racheva et al.: Conversion of polyolefin wax to carbon adsorbents by thermooxidation treatment

The aim of this study is to obtain porous
activated carbon using polyolefin wax as precursor.

EXPERIMENTAL

The polyolefin wax sample (waste product of
polyethylene production at low pressure; from
Burgas petroleum plant, Bulgaria) has melting point
115°C, average molecular mass of 1100. When
heating in air at 360°C it decomposes (without solid
residue) to low-molecular products, which evapo-
rate.

200 g polyolefin wax (POW) was heated up to
115°C until melting. Concentrated sulfuric acid was
added by drops during continuous stirring, and the
temperature was increased up to 160°C. The
obtained solid product was washed with water,
dried at 150°C and carbonized at 600°C.

POW carbonizate was subjected to oxidative
thermal treatment at 400°C for 1h in a quartz boat
in a horizontal tube furnace in a flow of air. The
obtained sample is denoted POW-OC.

POW carbonizate was subjected to water steam
activation at 800°C for 1 h. The obtained solid
product is denoted as POW-AC.

Mixture of 120 g POW and 80 g furfural was
heated up to 115°C until melting. The furfural is
added for intensification of polymerization and
polycondensation, thus decreasing the expense of
H,SO,. Conc. H,SO, acid was added by drops
during continuous stirring, and the temperature was
increased up to 160°C. The obtained solid product
was washed with water, and then dried at 150°C
and carbonized at 600°C. The carbonizate was
subjected to water steam activation at 800°C for 1
h. The obtained solid product is denoted as FPOW-
AC.

FTIR experiments were performed by
spectrometer IFS 113V using pellets with KBr.
Textural characterization was carried out by
measuring the N, adsorption isotherms at -196°C
using Micrometrics ASAP 2010. Prior to the
adsorption measurements the samples were out-
gassed in situ under vacuum at 120°C overnight, to
remove any adsorbed moisture and gases.

The isotherms were used to calculate specific
surface area Sger, and total pore volume Vi,
assuming a slit-shaped pore geometry [22].

The content of oxygen-containing functional
groups with acidic character on the carbon surface
was determined applying the Boehm method by
neutralization with bases of increasing strength:
NaHCO3;, Na,CO;, NaOH, and sodium ethoxide
[23]. About 0.5 g of the sample was put in contact
with 100 mL of 0.05 N base solution in sealed
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flasks. The suspensions were shaken at least 16 h,
and then filtered. The excess of base remaining in
the solution was determined from back-titration
after adding an excess of standard HCI solution. It
was assumed that NaHCO; was capable of neutral-
lizing all carboxylic groups, Na,COs-carboxylic
and lactonic groups, NaOH-carboxylic, lactonic and
phenolic groups, and sodium ethoxide was assumed
to neutralize all acidic groups. The total number of
basic sites was determined with 0.05 N HCI [24].
The procedure is the same as above mentioned, as
back-titration of the excess of HCI was performed
using titration with 0.05 N NaOH solution.

Carlo Erba 1106 combustion elemental analyzer
was used for C and H. Sulfur content was
determined by Eshka method. Oxygen content was
determined by the difference.

RESULTS AND DISCUSSION

The results from elemental analysis of the
obtained samples are presented on Table 1.

Table 1. Chemical characterization.

mf a a b C
sample Ash C H S (@)

wt. % wt.% wt.% wt.% wt. %
POW 010 871 37 10 82
carbonizate

POW-0OC 0.10 80.2 3.7 0.9 16.7
POW-AC 0.11 87.4 3.5 0.5 8.6
FPOW-AC 0.12 88.6 1.1 0.3 10.0

Mmoisture free sample; 2data from combustion elemental
analyzer; °data from Eshka method; determined by the
difference.

Elemental analysis shows that activated samples
have higher carbon content due to the higher
temperature treatment and structure changes of the
sample. The oxidation with air leads to significant
increase of oxygen content.

The results from N, adsorption isotherms (Fig.
1) show that FPOW-AC is characterized with an
opening of the knee at low relative pressures. This
indicates the development of mesoporosity and a
widening of the microporosity in these samples.
The surface characteristics are presented in Table 2.
The results show that FPOW-AC is distinguished
by very high surface area and micropore volume,
while POW-AC and POW-OC have considerable
amount of micropores and moderate surface area.
The oxygen-containing functional groups on the
surface of carbons are a very important specific
characteristic. The experimental data from Boehm
titration (Table 3) show that various oxygen-
containing groups (carboxyl groups, carboxyl
groups in lactone-like binding, phenolic hydroxyl
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and carbonyl groups) of acidic and basic character,
and with different chemical properties, are present
on the surface of the samples. Basic groups are not
detectable in the oxidized samples. These results
are confirmed by the elemental analysis.
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Fig. 1. N, adsorption isotherm of investigated carbon
samples.

IR spectra of the samples are presented on Fig.
2. Stretch vibrations of associated —OH groups
(3400-3230 cm™) were detected.

The absorption is a consequence of the presence
of OH groups in the precursor. The bands at 3000-
2800 cm™ are due to aliphatic stretching vibrations.
C-H stretching vibrations in the region of 3000-
2800 cm™ and C-H deformation vibrations in the
region 1470-1350 cm™ are related to aliphatic
structures. The band at 1704 cm™ could be related
to the stretching of C=0 in linear aliphatic
aldehydes, ketones and carboxyls [25]. The bands
around 1600 cm™ cannot be interpreted
unequivocally. They could be due to: 1) aromatic
ring stretching coupled to highly conjugated
carbonyl groups (C=0); 2) stretch vibrations of
C=C bonds in aromatic structures; 3) OH groups.
The bands in the region of 1360-1150 cm™ are due
to C—O in complex ethers and ring structures. The

IR spectroscopy results confirm the presence of
oxygen-containing groups on the surface.

Table 3. Chemical characterization.

Basic

Sample NaHCO; Na,CO3; NaOH NaOEt
groups

POW 012 0250 0340 0900 0.120
carbonizate
POW-OC 069 039 251 3510 BDL
POW-AC  BDL 0100 0220 2100 0.600
FPOW-AC BDL 0135 028 2334 0552

BDL-below detection limit.
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Fig. 2. IR spectra of the investigated samples: 1- POW
carbonizate; 2 - POW-0C; 3 - FPOW-AC; 4 - POW-AC.

In summary, oxidized carbons have different
properties (hydrophilic character, selective ion-
exchange capacity, etc.) than water vapor activated
carbons, due to the chemical nature of the surface.
The carboxylic groups on oxidized carbon surface
have cation exchange properties and oxidized
carbons can be used as highly selective cationites.

The carboxylic groups on oxidized carbon
surface have cation exchange properties and
oxidized carbons can be used as highly selective
cationites. Basic surface oxides are always present
and carbons exhibit an anion exchange capacity
too. The presence of surface oxides, together with
chemical and radiation stability of oxidized
carbons, provide their advantages over the synthetic
resin cationites.

Table 2. BET surface area and pore volume of the samples determined by N, adsorption.

Sample  BETmMY/g  Vitcm/lg  V micoM7g  V mesoMIg  V maeroCmMlg 1, mglg

POW-OC 500 0.586 0.263
POW-AC 513 0.600 0.270
FPOW-AC 1000 0.486 0.338

0.120 0.203 490
0.140 0.190 600
0.033 0.115 1200
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CONCLUSION

Synthetic carbon adsorbents with different
properties are obtained from polymer and biomass
treatment products. They possess insignificant ash
and sulfur content. The results from IR spectro-
scopy and Boehm titration show the presence of
oxygen-containing surface groups. Porous structure
and high content of surface groups of the activated
carbon samples, produced from polyolefin wax
characterize them as potentially effective adsor-
bents for different pollutants - heavy metals
(oxidized sample), organics (physically activated
sample), etc.
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(Pesrome)

Bwriaeponnu ancopOeHTH ¢ pa3IMyHA CBOWCTBA Osxa IMOJTydeHH Ha ocHOBaTa Ha (ypdypon u cMmecu ot pypdypos
U TONMMEpPHH OTNaablM (MONMOJIe(UHOB BOCBHK) INIPH Pa3NWYHU YCJIOBHSA HA CHHTE3 M aKTHBUpAIIM arcHTH.
[ToxydennuTe BBIJIEHH C€ XapaKTEpU3UpaT ¢ HE3HAUMTEIHO IENETHO ChIbp)kaHue. be ycTaHOBEHO, 4e 00eMBT U
pa3npeneneHneTo Ha MOPHUTE, KAKTO U XUMUYHHAT XapaKTep Ha MOBBPXHOCTTA, 3aBUCAT OT aKTUBHPAIINSA PEareHT U OT
TeMIepaTypaTa Ha TepMOXUMHYHATa 00padoTka. Y criekTpuTe n 0XapakTepu3upaHeTo Ha NOBBPXHOCTHUTE IPYIH 110
MeToja 1a bhoM moka3axa Hajqu4Me Ha pa3IndHU KUCIOPOA-ChABPIKAIIY I'PYIIN C KUCEJI U OCHOBEH Xapakrep. Hammmre
n3ciIeBaHMs TOKa3BaT, Ye Ha OCHOBaTa HA MOJIMMEPHHU OTMAABIM ca MOJTY4YEeHU PA3IM4YHU aKTUBHHU BBITICHH, KOUTO
MOpajl CBOWCTBAaTa CH ca MEPCHEKTUBHU 3a MPHIOKEHHE KaTo e(eKTHBHU aJCOpPOCHTH Ha TOKCHYHU METAIHH M
OpPTaHHUYHU 3aMbPCUTEIH.
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