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Improvement of the compression ignition behaviour ad combustion efficiency
of the second generation biofuel BIOXDIESEL

Biodiesel fuel is covering more and more placehim market. The reason is a limited fossil fuel®ueses and the need to reduce
emission of harmful substances by application efftrel made of renewable resources. Currently itafd and in Europe, the Fatty
Acid Methyl Esters are used as biocomponent dbitndiesel fuel or it is used as pure biodiesel.fliblis paper presents the research on
the biofuel, which contains mainly Fatty Acid EtBgters, (the energetic value of FAEE is highentRAME) and mineral Diesel fuel is
a small addition. This paper presents researchh@nitnprovement of the compression ignition behavaoa combustion effectiveness
of the second generation biofuel BIOXDIESEL, witohtains up to 75% of biocomponents (FAEE with thimeol) with addition of
mineral Diesel fuel. Improvement of the auto-igmtproperties is achieved through the multi-compbremposition of Bioxdiesel fuel
and dosing of enriching additives. The qualitylaf fuel has been evaluated during engine testingdaming laboratory measurement
of fuel parameters. Whereas satisfactory resultsivsthat it is appropriate to supplement the compmsiof biofuels produced from
waste vegetable and animal fats and alcohol wighréfining additive.

Key words:biodiesel, fatty acid ethyl esters, compressioitigmneng

1. Introduction

ines

Properties, presented in the table above can bstadi

Modern Diesel engines and increased environmental &y dosing the right additives. Low temperature prtps of

tention require constant improvement of the physizal
chemical properties of the fuel obtained duringderwil
processing. This improvement is achieved both enwtay
of refinery processing and by dosing of variousetymf
additives.

One of the most popular enriching additives aresg¢ho
used in order to increase low temperature behawbtine
Diesel fuel used in cold climate conditions. Sonibeo
additives are used to increase storage abilityuef by
improving oxidation stability and the biocydes torgnate
microorganisms, which presence increase biodegoadet
fuel are used to increase to lifetime of the fuahe of the
most important group of the additives are thoseckviare
increasing cetane number of the fuel. The valueeténe
number is responsible for compression ignition props
of the fuel, which are significantly important chgi varia-
ble load of the engine, ie in non-stationary caodg.

Properties of pure biodiesel fuels, consisting drayty
Acid Methyl Esters FAME or Fatty Acid Ethyl Esters
FAEE, are very similar to the properties of minebadsel

fuel. Main differences between FAME or FAEE and the

fuel standard are related to the flash point, eetaumber,
low temperature properties — cloud point (CP) aott ¢
filter plugging point (CFPP), kinematic viscocitgcddensi-
ty. Comparison of the selected properties of FAEEME
and Diesel fuel are presented in Table 1.

Table 1. Selected properties of FAEE, FAME and Bliésel

Properties FAEE FAME Diesel Fuel
Flash Point{ C] 135 101 55
Cloud Point { C] -8 -6 —10 (grade F
[Cogl]d Filter Plugging Point 11 _16 —20 (grade F
Cetane Number (CN) 49 47 51
Kinematic viscosity at

40° C [mn?ls] 45 35 2
Density at 18C [kg/nT] 877 860 820-845
Calorific value [MJ/kg] 39 36-38 42.8

Diesel fuel are season depending. The PN-EN 5%9@atd
divides fuel into 6 grades depending on season.aFaiic
or severe winter climate the CP and CFPP are se34tC
and —44C respectively.

The possibilities of cetane number (CN) improvement
of Diesel fuel and/or BIODIESEL by use of speciadlg-
lected additives has been a subject of many rdsebr¢l]
authors test various types of CN improvers and tiest
presence of CN improvers in various fraction oftitiésl
fuel.

In [2] author test the Diesel engine fed with didfiet bi-
odiesel fuel (containing methyl esters) with CN mers
and measure energetic and exergetic behavioureokih
gine.

An influence of cetane number improvers on perfor-
mance of biodiesel fuel containing FAME is alsogared
in [3], where authors also study influence of CNoiovers
on coking of the fuel injector nozzles.

2. Preparation of the samples of the BIOXDIESEL
fuel

Bioxdiesel fuel is a composition of bio-components
containing Fatty Acid Ethyl Esters and/or Fatty d\dile-
thyl Esters with bioethanol and an addition of maldie-
sel fuel. The BIOXDIESEL fuel has been previousygted
during the fleet vehicle testing over long distariée 5].
Papers [4, 5] indicate good properties of the ttu@mpo-
nent fuels in application for the Diesel engineswdver,
some of the properties still require improvement.

The samples of the FAEE used to prepare the
BIOXDIESEL fuel were obtained on the way of thensa
esterification with bioethanol reaction of the veasnimal
(poultry and pork) fats and waste vegetable fatsn@ oil),
with small addition of rapeseed oil in the preseofcalkali
(KOH) catalyst. The reaction has been performeth Wit
use of laboratory scale set up, which contains wacu
evaporator to separate excess of bioethanol (sge 1¥i
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Further, the glycerine is separated from FAME om way The other method would be related with dosing cold
of sedimentation. Fatty acid ethyl esters obtaimedbove flow additives to improve the cold flow propertie$ the
described way are the base of the biofuel BIOXDIESEfuel, which contains only FAEE (without addition wifin-
(approximately 70%). Further, the standard Diesgll,f eral fuel). The result of the improvement of thePBFis
purchased in local fuel station has been addedrdapp shown in Table 3. The CFPP of pure FAEE has been im
25%). The last ingredient was bioethanol (appré%).5 proved significantly by &.

Table 3. Improvement of the FAEE cold flow propestby addition of
cold flow improving additives

Cold flow Biocyde and
\ . S o CFPP
Sample improver con- | oxidation stability °Cl
| tent additive content
e B100-1 0 0 -12
\ B100-2 4000 ppm 250 ppm -18

The other strategy of improvement of cold flow pEop
ties of the FAEE fuel would be a combination of itidd of
mineral Diesel fuel and cold flow improving addés:

Table 4. Cold flow properties of the fuel contapniRAEE and mineral
Diesel fuel with cold flow improving additives

Sample FAEE Diesel Cold flow im- CFPP
content [%] | content [%)] prover content [°C]

B50 50 50 4000 ppm -25

B70 70 30 4000 ppm =23

B8O 80 20 4000 ppm =21

Table 4 shows result of the cold flow properties im
provement on the way of dosing mineral Diesel faet
cold flow improving additives. It is noticeableattthe fuel,

3. Improvement of the low temperature properties which cont_ains 70% of FAEE and the cold flow improv
' ment additives shows a balance between the FAEEembn

of the B_IO_XDIESEL fue_l , and low temperature behavior of the fuel.
Pure biodiesel fuel, which contains only FAME or

FAEE has similar properties as the mineral Diesdl.f 4. Improvement of compression ignition behaviour
Main differences are related to low temperatureakighn of of BIOXDIESEL fuel
the fuel. The standards (eg. PN-EN 590) are sprgifthe Selected properties of the FAEE, FAME and Diesel fu
values of main parameters (CP and CFPP) as clidete are presented in Table 1. The properties of ethglraethyl
pendent requirements. So the fuel, which containly o esters are very close to the properties of mirfedl The
esters can easily be used as a fuel in the regithsmild  main differences, except cold flow properties, ralated to
or warm climate conditions. To use the biodiesal fin  cetane number and calorific values of the fuels proper-
colder weather condition, it would be necessariyriprove ties of mineral Diesel fuel are slightly higher ithia esters.
the values of the CP and CFPP parameters. The differences can be easily equalized on the afado-
There are various strategies to meet standardiged sing of the cetane number improving additives dedded
quirements. One of the methods is to prepare teedeld with small amount of standard Diesel fuel.
fuel, which contains both FAME and/or FAEE as wagl Table 5 shows the results of the cetane number im-
mineral Diesel fuel. In such a case, mineral Diesgltent provement of the BIOXDIESEL fuel. The fuel containe
would have to be increased. Table 2 presents thetseof 70% of the bio-components (FAEE and bioethanol) and
the low temperature testing of the fuel sampleb wétrious 30% of mineral Diesel. One can notice, that thesfcér
FAEE content. It is noticeable, that even for thenples, addition of the cetane number improvers enableséet
with maximum 80% of the mineral Diesel content, théhe requirements given in the standards, descriltivey
lowest values of CP and CFPP does not meet thdastdn properties of Diesel fuel (eg. PN-EN 590).
requirements for colder climate conditions.

Fig. 1. The set up used to perform the transestatién reaction

Table 5. Results of cetane number measurementustion of cetane

Table 2. Low temperature properties of the fuehwiarious FAEE number improver content

(‘Tontem Sample FAEE + Bioetha- Cetane number Cetane
Sample FAEE Diesel CPFC] CFPPIC] nol content [%)] improver content [ppm]| number
content [%] content [%] Biox 1 70% o 485

B20 20 80 -10 —12 ° :
B30 30 70 -7 -12 Biox 2 70% 1500 49.4
B40 40 60 =5 -9 Biox 3 70% 3000 51.1

B50 50 50 -4 -6
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5. Determination of energy generated by the engine
fed with BIOXDIESEL fuel with various content
of cetane number improvers
The procedure of engine testing at non-stationanylc

tion is described in details in [4, 6, 7]. The nueths based

on the accurate recording of the rotational spelethe
crankshaft of the tested engine during cyclicaletaration
and deceleration, from idling to maximal engineezpand
back to idling. The cyclical changes of engine gpsevery
similar to the one during smoking test of the vidsdur-
ing periodical technical inspection of the vehicle.

The engine rotational speed can be either recondtbd

a use of encoder (in case of the laboratory enpioe

case of the whole vehicles, the engine speed rded

with the use of the inductive sensor (similar omé¢hie one
used to measure crank shaft or cam shaft positicine
engine) and a magnet installed on the crank shmetfing
and high speed data acquisition device. The redosidmal
is being processed in order to calculate the engiagk-
shaft rotational speed and angular acceleration.

Assuming, that the polar moment of inertia of thevim
ing parts of the engine is constant, the equatigrsijows
relation between torque generated by the enginalang
acceleration of the engine crank shatft.

(1)

where M — torque generated by the engine;- angular
speed of engine’s crank shaft, J — polar momernnetia

of the rotary parts, — angular acceleration of the engine

crank shaft.

Engine crankshaft rotational speed vs. time
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g
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Fig. 2. Example of recorded data (engine crankstded vs. time)

Figure 2 shows cyclical acceleration and decelematf
the engine crankshaft. One can notice, that thel@mtion
time and deceleration is separated with longerodsrivith
idling speed in order of thermal stabilization o€ tengine.

The area under the positive part of the curves @ign
the torque—engine crankshatft rotational speed Hasethe
same measures (units) as energy obtained durireleaae
tion of the engine. It is also worth to notice,tttiee area of
the cyclodyne obtained during the test is propogido the
calorific value of the fuel used in the test (sebl€ 6 and
Fig. 3).

Fig. 3. Example of the positive part of the cyclodyg obtained during the
engine test with the fuels with different propestiy] with centres of
gravity marked with dots

Table 6. Calorific values of the samples, whichitesresults are present-

ed in Fig. 3
Diesel Biox Biox Biox Biox Biox
fuel Bl B2 B3 B4 B5
Calorific
value 42.8 38.1 38.3 38.4 38.2 42.4
[MJ/kg]

The area under the curve is proportional to thegne
generated by the engine during one cycle of acuibber
from idling to maximal crankshaft speed. The aaetien
time is measured during one cycle of acceleraitois; the
time between idling and maximal crankshaft speed.

Figure 4 presents results of engine test for the

BIOXDIESEL fuel with different content of cetanember
improving additive. The values of the areas of the
clodynes have been obtained during a series ofaaatien
and deceleration of the engine. Each point reptesan
average of 10 acceleration-deceleration cycles. flieé
used for the test contained 70% of FAEE and bigetha
with 30% of mineral Diesel fuel.

The minimal acceleration time and maximal areahef t
cyclodynes (the positive part of the curves on &argac-
celeration-engine speed curves) occurs at the sange of

The recorded and processed data, drawn on torque @stane number improver content, as the values megbin

engine speed shows loops. It is worth to noticat the
shape of the positive parts of the curves andrits ae-
pends on the fuel used for testing. The shape i@addd the
negative part of the area does not depend on tefusl.

The value of polar moment of inertia is very difficto
calculate, but this value remains constant for eargfine.
The testing in non-stationary test can be useddanpari-
son of the engine properties, when the same engjifezl
with for example different fuels (see Fig. 3).

Table 5. The data presented in Table 5 show therdkp
ence of the cetane number as a function of thexeatam-
ber improver content.

It is also worth to notice, that the increase @& tetane
number improver content (more than it is recommdnde
either in Table 5 and Fig. 4) is not improving tereergy
generated by the engine during combustion of tlginen
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Area of cyclodynes (left axis) and accelleration time (right axis) as a function of
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Fig. 4. Area of cyclodyne (left axis) and accelieratime (right axis) as
a function of cetane number improver content

6. Conclusions

The properties of the BIOXDIESEL fuel are very simi
lar to the properties given in the standards ferfttel of the
vehicles with compression ignition engines. Thed dtbw
properties of the BIOXDIESEL fuel can be improved b
dosing the additives which are improving low tengpere
behavior of the fuel. This fuel can with the adais can be
used even in winter condition in Poland.

Results of measurement presented in this paper also
show, that the selection of cetane number improcars
improve compression ignition behaviour of the BIOX-
DIESEL fuel, which contains large amount of FAEEhwi
addition of mineral Diesel fuel and bioethanol.

It is also worth to notice accordance of the resaftde-
termination of cetane number with results of engests in
non-stationary condition.

Based on the studies presented above and baseé-on p
vious experience of the authors one can conclindg,the

This paper presents research on improvement of tBOXDIESEL fuel is very advanced and can be usedras

properties of the BIOXDIESEL fuel, which is a mixeuof

FAEE and/or FAME, bioethanol with addition of minér

Diesel fuel.

alternative fuel for all Diesel engines.

Nomenclature

FAEE Fatty Acid Ethyl Esters
FAME Fatty Acid Methyl Esters
CP Cloud Point

CFPP  Cold Filter Plugging Point
CN Cetane Number
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