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Abstract: The paper presents the possibility of
obtaining some fuels resulted from plastic materials
waste recycling, the determination of some
physicochemical properties of these fuels and a
comparison of the obtained results with those specific
to commercial diesel fuels. This concept of recycling is
a priority in countries with an important technological
breakthrough and having at the same time major
concerns related to environment protection. If
processing is rigorously controlled by the pyrolysis of
plastic polymeric materials [1, 2, 3, 4, 9, 10, 11, 12],
following the thermal degradation reaction one can
obtain at the final:
ea gaseous blend which contains saturated and
unsaturated hydrocarbons;
ea liquid that contains a mixture of saturated and
unsaturated hydrocarbons;
¢ a solid residue that contains mainly carbon;
o the liquid phase having properties close to the diesel
fuel, that can be used as fuel for Diesel engines.

Keywords: plastic materials, fuels, properties, viscosity,
calorific power, diesel engine.

INTRODUCTION

Low density polyethylene (LDPE) waste is heated at
temperatures of about 500°C in a pyrolysis installation [1,
2, 3, 4]. According to specialty literature, thermal
degradation of polyethylene takes place in two stages,
namely after the first one viscous products are obtained
(Cs Cas, ~87% weight percent), while following the
second one liquid hydrocarbons are formed (~74%
weight percent) [1, 2, 9, 10, 12].

Figure 1 presents the experiments diagram followed
in order to obtain the fuel from LDPE, data acquisition
regarding those processes and both the analysis of
experimental data and of the resulted products, including
their characterization [5, 6, 7, 8].

A superior recovery of plastic materials wastes, such
as the production of fuels resembling diesel fuel has an
important role in natural resources conservation [11].

MATERIAL AND METHOD

The experimental stand and the description of
laboratory equipment used for fuel obtaining

A pyrolysis installation has been performed on a
laboratory stand using a heating mantle Raypa X-250
with thermosetting stage system, with a maximum
temperature heating stage of 450°C (fig. 2).

In order to determine with the best accuracy the
conversion yield of solid LDPE in liquid phase, the parts
used for installation have been weighted previously with
a KERN EMB 200-3 weighting scale with a resolution of
1 mg and an analytical balance Precisa XT-220A with
resolution of 0.1 mg. The temperature control during
pyrolysis process has been made using a digital
thermometer HI-95350 with a resolution of 0.1°C.

For cooling and controlling temperature from
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Rezumat: Lucrarea prezintd posibilitatea obtinerii unor

combustibili rezultati din reciclarea degeurilor de mase

plastice, determinarea unor proprietati fizico-chimice ale

acestora si compararea rezultatelor obtinute cu cele

specifice motorinei comerciale. Acest concept de

reciclare este o prioritate in unele tari cu un avans

tehnologic important gi care au in acelagi timp preocupari

majore legate de protectia mediului. Dacd procesarea

prin metoda pirolizei a materialelor plastice polimerice

este atent controlata [1, 2, 3, 4, 9, 10, 11, 12], in urma

reactiilor de degradare termica se obtine in final:

e un amestec gazos care contine hidrocarburi saturate si
nesaturate;

e un lichid care contine un amestec de hidrocarburi
saturate, nesaturate si aromatice;

e un reziduu solid care contine in principal carbon;

e faza lichida avand proprietati apropiate motorinelor, ea
putand fi utilizatd ca si combustibil la alimentarea
motoarelor Diesel.

Cuvinte cheie: mase plastice, combustibili, proprietati,
viscozitate, putere calorificd, motor diesel.

INTRODUCERE

Deseurile de polietilena de joasa densitate (LDPE)
sunt incalzite la temperaturi de cca. 500°C intr-o instalatie
de piroliza [1, 2, 3, 4]. Conform literaturii de specialitate,
degradarea termica a polietilenei are loc in doua etape,
dupa prima etapa se obtin produsi viscosi (Cs Cas, ~87%
procente de masa), iar dupa a doua rezulta hidrocarburi
lichide (~74% procente de masa) [1, 2, 9, 10, 12].

n figura 1 este prezentatd diagrama experimentelor
desfasurate pentru obtinerea combustibilului din LDPE,
achizitionarea datelor legate de aceste procese si analiza
atat a datelor experimentale cat si a produsilor rezultatj,
incluzand aici si caracterizarea acestora [5, 6, 7, 8].

O valorificare superioara a deseurilor de mase
plastice, cum ar fi producerea de combustibili
asemanatori motorinelor, are un rol important in
conservarea resurselor naturale [11].

MATERIAL S| METODA

Standul experimental si descrierea echipamentelor
de laborator utilizate la obtinerea combustibilului

Pe un stand de laborator s-a realizat o instalatie de
piroliza incalzita electric cu ajutorul unui cuib de incalzire
Raypa X-250 cu termostatare in trepte, cu o temperatura
maximé de incalzire de 450°C (fig. 2).

In vederea determinarii cat mai corecte a
randamentului de conversie din LDPE solida in faza
lichida, componentele utilizate la alcatuirea instalatiei au
fost cantarite in prealabil cu ajutorul unui cantar KERN
EMB 200-3 cu rezolutia de 1 mg si o balanta analitica
Precisa XT-220A avand o rezolutie de 0,1 mg. Controlul
temperaturii in procesul de piroliza s-a facut utilizand un
termometru digital HI-95350 cu o rezolutie de 0,1°C.

Pentru racirea si controlul temperaturii din zona de
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condensation area, a recirculation thermostatic bath
model DC-1006 with the temperature range between -
10°C....95°C and a resolution of 0.05°C, will be used. As
cooling agent it was wused antifreeze with the
recommended concentration for -20°C.
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condensare s-a utilizat o baie de apa termostatata cu
recirculare model DC-1006 cu domeniul de pastrare al
temperaturii intre -10°C....95°C si cu o rezolutie de
0,05°C. Ca agent de racire s-a folosit lichid antigel cu
concentratia recomandata pentru -20°C.
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Fig. 1 - Pyrolysis process diagram, its control, data acquisition and data processing

Fig. 2 - The electrically heated pyrolysis installation used [6]
1. Heating mantle; 2. Pyrolysis Flask; 3. Condenser; 4. Erlenmeyer flask;
5. Pyrolysis gas recovery bag; 6. Hose coolant; 7. Polyethylene waste

In the first stage the conversion yield of solid LDPE
into liquid phase, residues and gases was calculated.
The following are the initial values of the masses
obtained by weighing the pyrolysis installation
components and LDPE granules on which the yield was
determined after conversion to the different phases of
pyrolysis products [6].

- condenser initial weight Gic=2218¢g
- Erlenmeyer glass initial weight Gie =122.6 g
- pyrolysis flask initial weight Gif=1228g

- LDPE granules weight Grore = 100.015 g
The weighting made at the final stage of pyrolysis
process conducted to the following values:

- condenser final weight Gic=222.3¢g
- Erlenmeyer glass final weight Gre=2119g
- pyrolysis flask final weight Gi=127.4¢g

Making the difference between the final weights and
the initial ones and knowing at the same time the weight
of LDPE subjected to pyrolysis we will obtain the final
conversion yield in liquid phase, by relation (1),

in prima faza s-a calculat randamentul de conversie din
faza solida a granulelor de LDPE in faza lichida, reziduuri
solide si gaz. In continuare sunt prezentate valorile initiale
ale maselor obtinute prin cantarirea componentelor
instalatiei de piroliza si a granulelor de LDPE pe baza carora
s-a determinat ulterior randamentul de conversie pentru
diferitele faze ale produsilor de piroliza [6].

- masa initiala refrigerent Gir=221,8g¢g
- masa initiala pahar Erlenmeyer Gie=12269¢
- masa initiala balon piroliza Gip,=122,8¢g

- masa granule LDPE Gippe = 100,015 g
Cantarirea facuta la finalul procesului de piroliza ne da
urmatoarele valori:

- masa finala refrigerent Gy =222,3¢g
- masa finala pahar Erlenmeyer Gre=2119¢g
- masa finala balon de piroliza G =127,4¢9

Facand diferentele dintre masele finale si cele iniiale,
cunoscand totodata masa de LDPE supusa procesului de
piroliza vom obtine in final randamentul de conversie in faza
lichida, cu relatia (1),
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Where: Unde:

Gr-Gir=05 g

Gfe - Gie = 893 g

G -G )+ (G -G
nliquid — [( fc ic ) ( fe ie )] :|*100 [%] (1)
GLDPE
it results the yield of conversion in liquid phase: de unde rezulta randamentul de conversie n faza lichida:
Niiquia = 89.787 [%0] Nichid = 89,787 [%0]

Applying the mass conservation law, based on the Aplicand legea conservarii masei, insumand la cele
data presented previously taking into account the solid enumerate anterior si masa reziduurilor solide am
weight the conversion yield in solid residue and gaseous determinat randamentul de conversie in reziduu solid si in
phase has been also determined. faza gazoasé. . . .

For solid residue we use relation (2): Pentru reziduul solid folosim relatia (2):

Where: Unde:
Gr-Gr=4,609
G. -G,
Mo = =4 100 [5] @

LDPE
Nres = 4,599 [%]

The quantity of gas was determined by relation (3), Cantitatea de gaz se determina cu relatia (3), facand
making the difference between the quantity of LDPE diferenta dintre cantitatea de LDPE introdusa in instalatia
introduced into the pyrolysis installation and the sum of de pirolizé si suma cantitatilor de lichid si reziduu solid
the liquid and solid residue resulted from the process. rezultate in proces.

[ GG )+ (G -G )+ (G4~ Gy )]}100 1% @)
GLDPE

Ngas

Mgas = 5.614 [%]
Based on the measurements and the calculus performed Pe baza masuratorilor facute si a calculelor
it resulted a superior conversion yield in liquid phase of efectuate a rezultat un randament superior la conversia

LDPE, comparing to the one found in the literature [5, 6], in faza lichida a LDPE, fata de cel gasit in literatura de

th t babl being the | t i specialitate [5, 6], cauza cea mai probabila fiind
€ most probablé cause being e low temperaturé  \ontinerea zonei de condensare a instalatiei la

maintained into the condensation installation. temperaturi mai coborate.
RESULTS o _ REZULTATE

The determination of the density and the Determinarea densititii si calculul densitatii relative
calculation of the relative density of the obtained fuel a combustibilului obtinut

_The volume _V occu_pied by the liquid phase measured Volumul V ocupat de faza lichida masurat cu cilindrul
with a measuring cylinder at ambient temperature t; = gradat la temperatura ambientala t, = 27,6 °C a fost de
27.6°C was of 114 ml, and in this case the density of 114 ml, in acest caz densitatea fazei lichide a fost
liquid phase has been calculated with relation (4): calculata cu relatia (4):

G -G )+ (G -G
p= [( fc ic )V( fe ie )] [kg/m3] (4)

p=78333 [kg/mc] orelse P4 =0.78333 [kg/l]

Because the temperature at which the determination Deoarece temperatura la care s-a facut determinarea
has been made is higher than 20°C it has been pentru calculul densit&tii este mai mare de 20°C s-a calculat
calculated the relative density of liquid phase obtained densitatea relativa a fazei lichide obfinute din LDPE prin

from LDPE by pyrolysis with relation (5). piroliza cu relatia (5).
Py =ph +c(t-15) )
Where: n care:
t t s . -
P4 - represents the relative density at the temperature of P4 - reprezintd densitatea relativa la temperatura la
the measurement; care s-aefectuat determinarea;
t —is the working temperature; t - este temperatura de lucru;
¢ — is the correction coefficient c - este coeficientul de corectie a temperaturii
15
piS — 0’7933 Pa = 0,7933
Comparing the density obtained in this way with the Comparand densitatea obtinutd prin metoda de calcul
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density presented in table 1, we were able to estimate that
the density of liquid phase obtained from LDPE by pyrolysis
is situated between the density of gasoline and diesel fuels.
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aratata anterior, cu densitatile prezentate n tabelul 1 am
putut estima ca densitatea fazei lichide obtinute din LDPE
prin pirolizé se incadreaza intre densitatea benzinelor si a
motorinelor.

Table 1

The relative density values of some fuels.

Fuel

The relative density [kg/l]

Gasoline

0.682 — 0.767

Diesel

0.820 — 0.910

Experimental determination of density and viscosity

For experimental determination of the density and
viscosity we used the SVM viscometer, an apparatus that
measures the dynamic and kinematic viscosity of fuels
and oils respectively, and the results are provided as
tables.

The determinations were made in the same conditions
for diesel fuel as for the liquid pyrolysis product from
LDPE, namely atmosphere pressure of P, = 9.74.10" [Pa]
and environment temperature of tma = 27,6°C.

The results obtained following the measurements for
dynamic and kinematic viscosity for diesel fuel and the
fuels from LDPE are presented in figure 3 and 4. The
variation of the density of the studied fuels depending on
temperature, including the density calculated for 15°C for
the obtained fuel by LDPE pyrolysis is presented in
figure 5.

Determinarea experimentala a densitatii si viscozitatii

Pentru determinarea experimentala a densitatii si
viscozitatii s-a folosit viscozimetrul SVM 3000, aparatul
masoara  viscozitatea  dinamica si  densitatea
combustibililor, respectiv a uleiurilor, iar rezultatele le
reda tabelar.

Determinarile s-au efectuat in aceleasi conditii pentru
motorina si faza lichida a produsului obtinut prin piroliza
din LDPE, adica presiunea atmosferica de P, = 9,74.10*
[Pa] si temperatura mediului ambiant tma = 27,6°C.

Rezultatele obtinute Tn urma masuratorilor pentru
viscozitafile dinamice si cinematice ale motorinei si
combustibilului din LDPE sunt prezentate in figurile 3 si
4. Variatia densitatii combustibililor studiati in functie de
temperatura, inclusiv a densitatii calculate la 15°C pentru
combustibilul obtinut prin piroliza din LDPE, este redata
n figura 5.
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Experimental determination of the flash point
(Penski-Martens)
For the determination of this parameter it was used

Automated Pensky Martens Closed Cup Flash Point

Analyzer HFP 339. The determination was made
according to ISO 2719A norms. If during the
measurements the atmospheric pressure differs

from101.3 kPa (760 mmHg), it is necessary a correction
of the determined values with the relation (6):

Determinarea experimentala a temperaturii de
inflamabilitate (Pensky-Martens)

Pentru determinarea acestei marimi s-a utilizat
analizorul cu creuzet finchis HFP 339, aparatul
functionand dupa metoda Persky-Martens. Determinarea
s-a facut conform normelor ISO 2719A. Daca pe durata
efectuarii determinarilor presiunea atmosferica este
diferita de 101,3 kPa (760 mmHg), este necesara
corectarea valorii determinate cu relatia (6):

Tor = Tt mes +025-(1013 Py ) (6)

where:
Tinf mas IS the measured inflammability temperature, in
Celsius degrees.
pam iS the atmospheric pressure, expressed in kPa.

After the recalculation of the flash point in this way, the
resulted values will be rounded by 0.5 °C.

Table 2 presents the data resulted following the
measurements and data correction.

unde:

Tinf mas €Ste temperatura de inflamabilitate masurata, Tn
grade Celsius;

pam este presiunea atmosferica exprimata in kPa.

Dupa recalcularea in acest mod a temperaturii de
inflamabilitate, valorile rezultate se vor rotunji cu o
precizie de 0,5 °C.

Tn tabelul 2 sunt prezentate datele rezultate in urma
masuratorilor si datele corectate.

Table 2

The values obtained for flashpoint

Tested fuel Flash point measured Atmospheric pressure Flash point corrected
[°q] [kPa] [°’q]
Diesel fuel 55 97,3 56,5
LDPE fuel 44 97,3 45,5

Experimental determination of cetane number

Experimental determination was made with the help of
the stand for the evaluation of cetane number
WAUKESHA CFR-F5, according to norms ASTM D613
and ISO 5165, namely the standards for the
determination of cetane number of fuels for Diesel
engines. Cetane number (CN) determined for the fuel
obtained by LDPE pyrolysis is:

CN=66

The diesel engines function well with diesel fuel with
CN varying in the range 40 and 55. A higher cetane
number means a faster self-ignition that allows the
realization of engines with higher speed rate or, which at
the same speed rate, offer longer time for burning
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Determinarea experimentala a cifrei cetanice

Determinarea experimentala s-a facut cu ajutorul
standului pentru evaluarea cifrei cetanice WAUKESHA
CFR-F5, in conformitate cu normele ASTM D613 si ISO
5165, acestea fiind standardele de determinare a cifrei
cetanice din combustibilii pentru motoarele Diesel.
Cifra cetanica (CC) determinata a combustibilului obtinut
prin piroliza din LDPE este:

CC=66

Motoarele diesel functioneaza bine cu motorind cu CC
cuprinsa intre 40 si 55. O cifra cetanica mai mare
inseamna o autoaprindere mai rapida, ceea ce permite
sau realizarea unor motoare cu turatii mai mari, sau, la
aceeasi turatie, ofera mai mult timp pentru completarea
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completion, resulting smaller noxious emissions.

Experimental determination of sulphur content

For the determination of sulphur content from the
fuel resulted following the pyrolysis process of LDPE
it was used the UV-fluorescence (UVF) Antek 9000
Analyzer.

The used method is based on pyrochemiluminescence.
In this case, the apparatus measures the content of
sulphur in very small quantities in gasoline, diesel fuel,
light oils and other light hydrocarbons, including GPL,
according to ASTM D-5453, ASTM D-4629 si SR EN ISO
20846-04. The sulphur quantity determined in the
analyzed product was:

S = 2 [mg/kg] sau 2 [ppm]

Experimental determination of Cold Filter Plugging
Point

For this determination it was used the apparatus FPP
5Gs, which provides results according to the testing
methods EN 116, 309 IP si ASTM D 6371. The value
obtained for cold filter plugging point:

CFPPope = +4 [°C]

Experimental determination of calorific power

For the determination of calorific power of the
analyzed fuel it was used the calorimeter with mantle
maintained at constant temperature, model PARR
CALORIMETER 6200. Following the measurements for
the determination of calorific power for the fuel obtained
from LDPE the resulted value was obtained:

Qs Lope = 45735,35 [kJ/kg]
For diesel fuel, the usual value of calorific power is:
Qs ™ = 44800 [kJ/kg]

Table 3 presents the results for the determinations
undertaken for the fuel resulted by the pyrolysis of LDPE
comparing to some quality specifications of diesel fuel.

INMATEH:-- 6‘9 ricultural cgnqmcctmq

arderii, rezultand emisii de noxe mai mici.

Determinarea experimentala a continutului de sulf

Pentru determinarea continutului de sulf din
combustibilul rezultat Tn urma procesului de piroliza din
LDPE s-a folosit analizorul de sulf prin fluorescenta UV
ANTEK 9000.

Metoda folosita fiind  piro-chemiluminescenta,
aparatul masoara continutul de sulf in concentratii
foarte mici in: benzina, motorina, uleiuri ugsoare si alte
hidrocarburi usoare, inclusiv in GPL, in concordanta cu
ASTM D-5453, ASTM D-4629 si SR EN ISO 20846-04.
Cantitatea de sulf determinatd in produsul analizat a
fost:

S = 2 [mg/kg] sau 2 [ppm]
Determinarea experimentala a temperaturii limita de
filtrabilitate

Pentru aceasta determinare s-a folosit aparatul FPP
5Gs, care livreaza rezultatele Tn conformitate cu
metodele de testare EN 116, 309 IP si ASTM D 6371.
Temperatura limita de filtrabilitate obtinuta pentru
combustibilul LDPE a fost:

TLFLppe = +4 [OC]
Determinarea experimentala a puterii calorifice

La determinarea puterii calorifice a combustibilului
analizat s-a folosit calorimetrul cu mantaua mentinuta la
temperatura constantd PARR CALORIMETER 6200. In
urma masuratorilor efectuate pentru determinarea puterii
calorifice a combustibilului obtinut din LDPE a rezultat
valoarea:

Qs LDPE = 45735,35 [kJ/kg]
Pentru motorina valoarea uzuala a puterii calorifice este:
Qs wm = 44800 [kJ/kg]

Tn tabelul 3 sunt prezentate rezultatele determinarilor
efectuate pentru combustibilul rezultat prin piroliza LDPE
comparativ cu unele specificatii de calitate ale motorinei.

Table 3
The specifications of diesel fuel compared with those of the LDPE fuel analyzed [6].
. Value
Properties UM -
Diesel fuel LDPE fuel
Density @ 15°C kg/m3 820 + 845 793,3
Cetane number, min. - 51,0 66
Cetanic index, min. - 46,0 -
Classes Classes Classes
(summer) (winter) (summer) Classes
Cold Filter Plugging Point C ABC DE ABC (wlljn::r)
+50-5 -10 -15 B
Flash point (Pensky-Martens), min. ‘C > 55 > 44
Sulphur content, max. mg/kg 10 2
Viscosity @ 40 °C mm?/s 2.00 + 4.50 2,0384
Copper strip corrosion
(3h @50 C) class 1 Q)
CONCLUSIONS CONCLUzII
The most used method for obtaining liquid fuels from Metoda cea mai utlizata pentru obtinerea

plastic materials waste, and from LDPE is pyrolysis in the
absence of oxygen using or not the catalysts.

Following the experiments there were obtained liquid
fuels with properties close to the fuels used in internal
combustion engines.

The obtained yield of conversion in liquid phase
obtained by the reduction and the control of the
temperature from the condensation area is superior
comparing to the data from scientific literature.

The calculated and corrected density to the relative

combustibililor lichizi din deseurile de mase plastice,
implicit si din LDPE, este piroliza in absenta oxigenului
cu utilizarea sau nu a catalizatorilor.

In urma experimentelor s-au obtinut combustibili lichizi
cu proprietati apropiate de ale combustibililor utilizati in
motoarele cu ardere interna.

Randamentul de conversie in faza lichida obtinut prin
reducerea si controlul temperaturii din zona de
condensare este superior datelor intalnite in literatura de
specialitate.
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density of fuel is fitted between the specific density of
gasoline and diesel fuel.

The calorific power of the new fuel is higher than the
one of diesel fuel by 935.35 kJ/kg, due to the presence in
the fuels from LDPE of light hydrocarbons specific to
gasoline with higher energetic power and to hydrocarbon
with carbon number between Cz4 - Css which increase the
concentration of carbon that enters the combustion
process.

The determinations and measurements undertaken
have put into evidence the fact that this fuel obtained in
the laboratory can be used in Diesel engines.

The production of the fuels from plastic material
waste saves the stocks of fossil fuels and reduces the
emissions of carbon in the case of the utilization of those
materials to the obtaining of alternative fuels.
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