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Summnary. The researches conceming the use of fiel obtamed fiom plastic wastes have been presented m the
paper. Polyolefin's catalytic craclang have beetius ed as the source of the fael. Plosical properbes of the analysed
fie]l have bheen determined . Operational parameters of DT diesel fielled with the tested fiel nuxbives have been
deternined z wrell. Typical test equipsnent amd brakeless test set-up withspecial data acquisihon system s
used for the tests. 5 peed dynanue characteris ties and exhanst zas enussion and smokivess for the tested fuel has
been preserted. The test results havebeen commpared to the stand ad diesel fiael.
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INTRODUOCTION

The search for new alterratiee fuels, along with the necessity of searching new technology
to reduce the regative ervironment npacts of plastic wastes, have led to the idea of studying the
effect of the fiuel derived frorn plastic wastes on cordbustion engine operation.

bn emerging alternative for the treatment of plastic wastes 15 feedstock recyeling, which
allows the plastic residues o be transformed into chemdcals and fuels. In this way thermal and
catalytic degradations have been used fo corwert different polyolefing into hydrocarhon mtores.
Thermal and catalytic processes of waste polymers are econorically and erironmentallyaces pted
e thods of their rec yeling [Wale ndzie weki, 2002].

Catalytic degradation of plastic waste offers considerable adveantages as compared to poe
therrnal degradation, as the latter dernands relatively high teraperatures and its products recpire
further processing for their quality to be upgraded. Catalvtic degradation ocours at conside rably
loarer terope rature s and fors hoydrocathons in the range of motor engine fuel [Ilasuda et al, 1999,
Lngvml etal, 2007], elirdnating the necessity of further processing. In such a recyeling process, the
tost valudhle product is obedously lipuid fuel. &lthough gaseous products are also useful, as their
butning can contribute to the energy dermand of an endothervic polymer cracking process, excess
gas production i not desirable.

The presented research irsobed engine tests under transient conditions, which could result
in the wider nme of alternatree fuels [Ivkslowski and Iiystowski, 2006; Lotko, 2001].
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TEST FUELZE

The test material was PolyOlefin Catalytic Cracking fuel (POCC) and its mivtures with stan-
dard diese] fuel [Baczewski and Kaldofski, 2004] taken fror public gas station (Crlen distrbuator
tet). The properties of POCC fuel and diesel fuel are presented in Table 1.

Tabk 1. 5 pecification of the fiels used in the tests acoordmg to the PH EMN-590 and EMATH-ORLEN/MHF-
22902008 standards

L Meamied vabe Meamed vahe uirvertents

Ha Performmance charartenstios FOCC TF Verva R;'ﬁ EH-590
1. | Demsity at tewnp. 1 5°C [hgimS] 70 237 BAkE45
2. | Physical distillation [+ V]

up to 100°C dishllates 13.4

up to 130°C distillates 37

up to 230°C distillates 35 nin. 65

up to 330°C dishllates 6.5 maz, 85

9 5%, distillates up to tempezatare [C]

30 4.4 ma. 360
3. | Cetare Index a1 nan. 44
4. | Einematical viscosity o] o 40°C 1701 3001 245
[at200C)

5 | Sulplur comtert [%4 mim] 0012s 00Es n.o1
&. | Flash Poirt [*C] 1 Ta nin. 5
7. | Copper stup cotrosion (Sh, SO0 1 1 Na. 1
2. | Cridation stabality [zrw] 2 10
9. | Ashcontent [ m] 0001 mace. .01
10. | Catbon msidue [om] 001 mace, 003
11. | Cload poird [12] -13 -
12, | Cald filterblock tenperame [C] -14 mag, -
13, | Water contert [mmeke] i e, A0
14, | Arormatic hydvocath on cotert [%em] 1.2 rhac. ¥
15, | Lowarer heating vahie Mk 42

The waste polymers were fed toa melter, then the preheated polyraerwas pat into the reactor.
Inside the reactor the polyiers were warmed and their cathon chain cracked into shorter raolecular
fragments. POCC fuel was taken as product of C5 + C25 hypdrocartbhons. The use of catalysts in
the reactor decreased the termperature recpuired for polyolefing pyrolyeis and modified the product
distribution. TWbreower, it mproved the wield of volatile products and provided selectrty in the
product distibution, especially for obtaining products of great corenercial interest (zasolive and
roonoiers) [Walendziewskd and Steininger, 2001, Horvat and Flora, 1999]. The catalyets actreated
the well-known cathocatiorde mechanisms for cracking the primary product raolecules and the
subaeguent reactions of sormerization, oligome Hzation-cracking and hydrogern transfer [Tasuda et
al., 1999]. Thiring the researches catalyst of SUALD, was nsed [FKierrick et al., 2005

Ileasure rnent results obtaine d fior POCC fuel we re cormpared to the one s for actual diese] fuel
[Podmato, 2007 {n this case - “Verva” from Chlen distnbutor net).
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TESTING METHODA

Diymarnic speed charac teristics of the engive [Pietal, 1990] are obtained by inertial method
[Bermbardt etal., 1985]. This method is based on the me asureroe nts of engine crankshaft speed and
crankshaft angular acceleration working out. When mass morme nt of engine inertia and crankshatt
angular acceleration is known it is possible to caleulate the engine torgue T but angularaceeleration
Iz also gerviceable for the porpose of corparison researches.

Functional dependencies arong engine pararneters in transient conditions [Kiemicki, 2004]
are shown in the formula:

Ty =filo, pa . 0, i1

where: T, p_- torque and mean effective pressure of the engine, a - injection pmrmp control elerment
position, o - crankshaft angular velocity § - e,
The cornponents of the formula have nstardanecus mnning values dependent on tiree £
Torgue balance under transient conditions can be noted as:
548 5 1 22 L, (2
i ? i
where: T - minning output torgque, T - running torgue of recefver, meluding resistance conmected
to recelver mertia, J - equivalent mass inertial torque of mobile engine elerents n relation fo
crankshaft axis.
If the erergy recemver is defached ':T:f N, the equation (2) will present the engine torgque
change cansed for exarple by the quick increase of the fuel dose sapplyving the cylinders:
'_?:=j=.d_m=j=.g_ (3)
o
But in cas of engine supply switched off (T =00, the equation (2) will present the internal
resistance change during engine retardation stavted at high inital rotational speed:

dm
T,=-t 2-s (-5 &

The mesearch process was the following: for every tested fuel and engine the measurerent
cyele was executed. Ieasurernent cycle included the following steps:

— engine operation at idling,

— guick ihcreasing of engine speed (acceleration),

— engine operation at maimum speed,

— rehwy fo 1dling (retardation after the dosing is switched out).

Sarnple courses of engine free acceleration and retardation ave presented in Figure 1. Fota-
tiorial speed changes n=ft) during measwement cyole are presented in Figure la, and crankshaft
angular acceleraion changes ==fin) during measwrernent cycle are presented in figure 1b. The
recorded process was about 10 seconds long.

The testing of fuel properties comprised 20 mwe asurerne nt cyeles when the engine operated
without any external load. First the ubmost courses were rejected and next raean walne and intervals
were worked out from the rest 10 {or 5) courses. The mean parameter value was caleulated as:

.
¥ —;ZJ’.- (5
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These values were taken as represertathe walues of the analyzed fuel mivtore and nsed for
the comparison goal

TEST 3ET-UF

Ilotor tests consisted of the determination of engine speed operational characteristics and
stokiness and composition of exhanst gases as well. Ergine transient characteristics have been
used there and were perforred on the brakeless setup with the digital dats sccpmisition system
[Fiemicki, 2001]. The block diagrarn of the test main rmeamiverment channel of 2= t-up is shown in
Figure 1.

(2]

3

A 4

Fig. 1. Block dizmram of the test stard data aoquisibon syster 1 — tested enzine, 2 — angular velooity sensor,
3 — crarks haft angle position marker, 4 — measuremert tterface, 5 —iterface powrer pack, & - notdook
48655 MHz

The main cormponent of the test set-up is the angular acceleration me asurerne nt systern [Ki-
emicki, 2001], rnade at the Sutowotive Vehicle Departnent of the Lublin Urdversity of Technol-
ogy. The meamremwent systern contolled by the laptop 426330Hz enables measring and re-
cording instantaveons rotational speed and determnining instantaneons angular acceleration of the
engine crankshaft. The signal is taken divectly from the engine crankshaft. This systern is nsed for
the raeasuring of engine operation paratveters and also for the controlling of engine nnrdng-up
proce s,

The test bench was prepared on the basis of Urms C-360 farm tractor which is eguipged
with four cylinder direct injection diesel, of 5-4003 type. The clutch was discormected so the en-
gine worked without extemal load. The modified supply control system enabled a quick change of
mjection prnp lesver position. Elastic tractor wheels avoided all problems conrected with engine
suspension and vibrations. Exsirorevental condiions and engine teraperatire were checked by the
typical ecpuipere nt of test hose.

Exhaust gas corposiion was measured with Technotest me ter that enables OO0, COQ, HC and
MOy measurernents, Optical fow meter Olivier was used for smokiness measarerments.

Speed dymaric characteristics were based wpon undoade d engine responss for step function of
fuel dosage. Engine was forced to accelerate by the step change of fuel doge up to mariromn value.
The cpuick switching off the dosage cansed the engine ’s slowing down. Thus, transient conditions of
engine work adecuate to engine operational characteristics were achieved [Bernhardt et al, 1985,

Plint and Martyr, 1999].
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Fiz. 2. The view of the test setup: 1 —sted engive, 2 —angular velocity sersor, 3 — meammment inkerface,
4 — Teclmotest zas meter, 5 — comtrol wmt (notebool 48687533 MH=), & — Clivaer stioke meter, 7 —chanzeable
fiel tank

EXPERIMENTSE AND TEAT RESULTS

The measurerments were performed in seres, for each fuel successtvelsy Each series com-
prised 20 acceleration-retardation cycles, executed in the sare test start condiions: rotational speed
iclose to idle speed) and constant ternpe rature of the motor oil and the coolant (according to the
manufacturer’s specifications). Engine speed and angular acceleration were automatically recorded
by he measremment syster. The test results were obtained as the courses of angular acceleration
wersus engine speed. The registered courses dwing engine free acceleration ave showr in Figure 3.

28
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Fig. 3. Begistered consses of crandshaft angular acceleration during fiee acceleration of 5 -4005 DI diesel for
the tested flels
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The engine was operated without any external load during the tests. The supply svstem was
flushed and the fuel filter was changed together with the exchange of the tested fuel. An average
corge obtained frorm the 10 closest tests was recogrized as the representative ore for the tested fuel.

The comparison of engine transient operation parameters enadbles the asse ssroe nt of the e flect
of different fuels on engine operation. Belative values referred to the ones obtained for pare diesel
fue] have beenspecified in order to aralyze the obiained results. The changeabilityof angular accel-
eration together with fuel composition change, both for POCT fuel and diese] fuel, was determined
according to the forranla:

g, =20 % i, (6
EIN
where: & —angular acceleration for the analysed fuel mixtre, lia*,
£ . —angular acceleration for diesel fuel (Verva), Ligt,

The reaults are presented in Figure 4.
z — FOCT s BIWPOCC  — -+ JEWPOCT | ;
600 oo BOo 1o 1BDDWDI] 00 2zpo
= ]
b - +.
i T )
w4 b - __,w""‘
e T
E ] \\ /'r\'L\\ /ﬂ\/f
-2 \/ —
16 -
n mm

Fiz. 4. Parcentagze differences betoreen crarlshaft anoular acceleration when POCC fiel mivbores ae used m
the wfererce to stardard dwesel fiuel (Verva)

Operational parameters (crankshaft angular acceleration) values during engine speeding up
are generallylower for POCC fuel mixtures. It is cansed by lower viscosity of POCC fuel in com-
parizon to diesel fuel and worse sealing of imjection parnp elernents. This results in smaller fuel
dose. The other reason of parameter worsening was lower cetate naraber caused by 2006 adimission
of light hydrocarbons. Bat, on the other hand, light hydrocarbons adrdssion conld irgrowe el
burning when the 25% POCC el mixture is used.

Srokiness measurernents are presented in Figure &, Absolute sraoke walues and stnoke factor
E were measured. Percentaze changes of both the types of results are sirdlar The smoliness for
POCT fiel was rnch lower than for the diesel fuel. The smokiness of fuel rixtires dec reases with
an incresse of POCC fuel content.

The percentage changes of smokiness toge ther with fue] composition change, both for POCC
fel and diese] fuel, were deterraived according to the fornala:
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Ny-N
Zhoe = T 1008, T
N i

1o

AN =

where: N —smokiness (or K factor) for the analysed fuel mixure, ¥,
M. — smokiness (or K factor) for diesel fuel (Verva), .
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Fig. 5. Percortagze charges of smioke and smoke factor K oy nctares POCC fle] ard Dhesel fie] doring fes
anceleration €51, measured with Olivier meter

In Figures 6-9 the changes of exhanst gas elements quantity wersus PolyOlefin Catalytic
Cracking fuel contentin the fuel rirtore with Diesel fuel are presented.
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Fig. & Changes of OO0 content for mischures POCC flel ard Diesel fiael
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Fig. 7. Changes of CO comtent for nixwbues POCC fiiel and Diesel f1el

There is a tendenc ¥ towards the increase of CO, content in exhaust gas with the increase of
POCT fuel content in ixtares POCC fuel and Diesel fuel. The level of exhaust gas elerments was
mostly similar to the one of diesel fuel. The abmormal or significant changes of CO, CO, HC and

MO conternt in exhaust gas were not abserved.
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Fig. B Changes of HC comtert for mishires of POCC fliel amd Diesel fiel
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Fig. 3. Changes of MO content for miwbares of POCC fiel and Diesel finel

CONCLUSIONE

O the basiz of the obtained test results it rnay be stated that:

1. The content of POCC fuel up to 25%, in the mirtore with OF does not canse anysignific ant
decrease of DI engine operational parameters (forgue, crankshaft angular acceleration).

2. The analymis of percentaze changes of crankshaft angular acceleration show that param-
eter values worsens ronotorde ally within the whole speed range with POCC fuel content
growth in fuel mivtore.

3. The lower level of exhanst gases smokiness for the tested POCC fuel rdxtures in cora pari-
son to the diesel fuel was observed. For POC fuel the smoke level was 38% lower than
tor Diesel fusl

4. The level and its changes of exhaust gas elements were sivdlar to the ones of diesel fuel.
The significant changes of CO, OC2, HC and HOx confent in exhaust gas were not ob-
served for the analyzed mixhores.

5. In the next research stage POCC fuel after separation of Light hydrocathons should be
tested. This will make it possible to compare fiuels that are closer with their pheysizal-
chernical properties.
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NIEKTORE WEASCTWOSCT SILNIK A WY S0OKOPREZNEGO
ZASILANEGD PALIWEM Z ODPADOW PLASTIKOWYCH

Stresremnde, W eferace prmedstavrionn badania dotyezace mstos oarania paliara umyskanezo = odpadder pla-
stkowrych Tiodlem palrera byt katalityemy kralang policlefin Olaeslono wlascraroscl izyrene analizoeranegzo
paltara Dlreslonn talme wlatchaoiel mwhoeze siliika wys ckopresmego zwbyskisn bezposredim msilanego ba-
danynn reszarmnanm palvra. Whadamachwvkomstano bezharmleoare stanoarisko badawneze ze spacjalam
systermnern wjestaci darmrh oraz typosre wypos azerie hamown. Przedstavriono pedkoéciore charaltensstida
dyranteme simka s ennsie gazdar wydechownyrch 1 zadyniets spalin dlabadaseech palrer, Winila ponmarcesr
pordemano = vtk an umyskanynn dla s tandard osrez o clep napedoarezo.

Siowa khwrowe: s Il wmokopresmyy, movding, paliro altenatyerne, poiay dynamicse, chamltermstyrka
silnika



