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BIOMASSDERIVED MOTOR FUELSWITH HIGHER COMBUSTION
HEAT, ECOLOGICAL AND CHEMMOTOLOGICAL CHARACTERISTICS

E.F.NOVOSELOV,A.I.SHTYKA, Y. A.BEREZNITSKIY

National Aviation University, Kiev

High pour point and low combustion heat were defines the major
disadvantages of biodiesel type motor fuels. We lpgwposed to add wood biomass
derived bicyclic compound hydrocarbon (1S,5S)-éneethyl-2-ethylenebicyclo
[3.1.1] heptane (GH16) into fat acids methyl esters (FAME) type biofteelmprove
its performance and ecological qualities. A novénded 100% biofuel is thus
obtained. For a comparision we have studied pertoroe properties of the methyl
ester of rape oil (MERO) mixture with mineral diekeel. It was determined that the
optimal performance characteristics of such fuektome is near 30% of MERO.
Density, kinematic viscosity, pour point and contious heat of the blends were
investigated: measured, calculated, and analyzed.
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Introduction. The alternative and renewable fuels are widely iadpin the
developed countries, but this tendency only becotoespread in the developing
states. FAME (fat acids methyl esters) type biaglies considered to be most
perspective in comparison with the traditional $uglroduced from petroleum.
Nevertheless this alternative fuel has some digadgas as: lower value of
combustion heat versus diesel and also a highergmont.

Thus an improvement of FAME type biodiesel changsties is an actual

problem and simultaneously an object of researchchemmotology. Therefore
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removing of mentioned disadvantages gives an oppitytto use such fuel in a wider
range of applications, including air transport .

FAME type biodiesel is one of perspective renewadarce of energy, it is
produced from vegetable-oil and it usually consadtvarious esters of fatty acids,
especially of fat acids methyl esters (FAME).

Advantages of FAME type biodiesel are reviewed ingr@at number of
publications together with its negative sides [1-6]

Thus benefits of the FAME type fuels applicatioa as following:

- Sulphur free;

- Biodegradable fuel;

- Usage of biomass derived renewable raw material;

- Better lubricating properties that increase theergy Conversion Efficiency
(ECE) of an internal combustion engine and corredpwmly its operating time;

- More fire safe because of high value of ignittemperature.

The disadvantages of the biodiesel applicatieraarfollowing:

- Short term of storage (less than three months);

- High pour point;

- Lower values of the combustion heat in comparisdh traditional diesel,

- Relatively frequent change of the fuel filters.

Methods of FAME type biodiesel characteristics ioy@ment are investigated
and examined not completely.

Our investigation is focused on improvement of raliive fuel (biodiesel)
quality by means of a high-energy component addimdjanalysis of its effectiveness.

For comparison of the results obtained with the mom practice we have
studied also the blends properties of petroleuniveérdiesel fuel with the most
introduced into practice “biodiesel”. Biodieselaa environmentally friendly type of
biofuels; it is produced from vegetable oil or aainfat and is used to replace
petroleum diesel fuel. From a chemical point ofwieis a mixture of methyl and / or
ethyl esters of long chained fatty acids (saturatashd unsaturated).

Biodiesel appears as yellow , moderatedgous liquid that almost does not
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mix with water, it has a high boiling point and I@ressure of saturated vapors. Made
from uncontaminated raw materials biodiesel is axigt It has relatively high flash
temperature near 150 °C, which makes this fuel tively fire safe.
Biodiesel is characterized with such patanse as viscosity, density, cetane
number, cloud point, pour point, flash point, ashtent, sulfur content, acid number.
Our studies have been conducted in omdetermine also several performance
properties of the fuel mixture of methyl estersabe oil with mineral diesel fuel in
different percentages. It was determined that ftenal performance characteristics
posesses the fuel mixture B30. So, on the basthefexperimental data it can be
offered a state standard for a mixture consistihg086 vol. MERO and 70% vol. of

petroleum diesel fuel.

Materials and methods of investigation. The aim of work is assessment of
biodiesel quality improvement. The object of invgation are blends of traditional
biodiesel and biomass derived hydrocarbon in vargroportions.

The research was conducted at the Department omiStrg and Chemical
Technology in the National Aviation University. Thised sample of the traditional
biodiesel met the country adopted standard DSTU &0®)9.

Preparation of fuel mixture of diesel mineral fwath biodiesel was conducted
in a laboratory by gradual addition of diesel maleiuel to a definite volume of
biodiesel (methyl esters of rape oil MERO) and sgbent stiring during 1 — 2 min.
The volumes of fuel were measured with a burette. aAresult of mixing were
prepared the fuel mixtures BO, B10, B30, B50, BEBA0), B100 . Results are presentec
in table 1.



84

Table 1
Preparation of fuel mixturesof biodiesel (MERO) with a petroleum diesel fuel
(DF)

MERO,%
DF, %
100 BO |- i i i - i
90 - B10 |- - i i i
70 - - B30 |- i i i
50 - - i B50 | - i i
30 - - i i B70 |- i
10 - - i : i B9O |-
0 i i i - - i B100

0 10 30 50 70 90 100

The results of research and discussion
Resear ch of biomass derived biofuel blends
A biomass derived bicyclic compound - hydrocarb@85S)-6,6-dimethyl-2-
ethylenebicyclo [3.1.1] heptanef¢) as a high-energy admixture (HEA) was addet
to biodiesel as a component of the blends. Theidsetl and HEA were mixed in
various proportions:
- mixture 1: 2.5 ml of HEA and 47.5 ml of biedel;
- mixture 2: 10.0 ml of HEA and 40.0 ml of bieskel;
- mixture 3: 20.0 ml of HEA and 30.0 ml of bieskel;
- mixture 4: 30.0 ml of HEA and 20.0 ml of bieskel;
- mixture 5: 40.0 ml of HEA and 10.0 ml of biesel.
We have measured the following quality parametérthe investigated HEA
blends: the density, the kinematic viscosity, p@tilling) point. The combustion heat

was calculated according equation (1):

AHrO = Z (niAH ?. )products_ z(nIAH ?. )feage”ts’ (1)
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where H’- is value of the combustion heat of a chemicattrea under standard
conditions,n — is the stoichiometric coefficient of reagentimemical reactionH? —

Is value of the compounds heat formation underdstahconditions in kJ/mol.

The density of the investigated mixtures was mesksaccording to the national
standard GOST 3900-85 “Petroleum and petroleum uoted Methods for
determination of density”. The density of prepangédtures was determined using the
hydrometer AHT-2.

The kinematic viscosity was determined according G®OST 33-2000
“Petroleum products. Transparent and opaque liqugermination of kinematic
viscosity and calculation of dynamic viscosity” lyscometers (VPG-2).

The measurements of density and kinematic viscosi#ye conducted at
conditions 28C and pressure 101,3 kPa.

The pour point was measured according to the ratgtandard GOST 5066-91
“Motor fuels. Methods for determination of cloudhiling and freezing points”.

Quality assurance is guaranteed through double unsagnts of three
replications. Statistical proceeding of receivedadsvas fulfilled with program
Microsoft Excel

The density is considered to be an important fharacteristic as it determines
completeness of combustion process. The densigy aaises enlargement of fuel
drops and decreasing of fuel combustion effectisendhus the higher value of
density leads to increasing of fuel consumptiorne Tesults of density measurement

are presented in fig.1.
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Fig. 1. Thedensity of the investigated mixtures under standard conditions
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The results concerning the blends density have shbat its values decrease
proportionally to the increase of the HEA contdntcomparison: the density of the
original biodiesel is 0.883 g c¢frand that of natural bicyclic compound 0.866 g*cm

The fuel viscosityalso influences combustion process by hindering fue
spraying.

The results of kinematic viscosity measuremenpagesented in fig. 2.
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Fig. 2. The kinematic viscosity of the investigated mixtures under standard

conditions

The blends kinematic viscosity measurement has shtbat it decreases with
increasing of HEA part similarly to density. Stagibiodiesel has 8.342 mifs and
the original hydrocarbon admixture near 1.804%smiscosity.

It was observed that increasing of natural bicycbepound fraction in blends
leads to decrease of dynamic viscosity value. Tyauhic viscosity of petroleum
diesel equals to some 7.363 mPa sec, while the smmameter of pure HEA is

only1.562 mPa sec. The results of the dynamic giscmeasurement are presented ir
fig. 3.
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Fig. 3. Thedynamic viscosity of the investigated mixturesunder standard

conditions

The pour point belongs also to the determinantityueharacteristics of fuels.
The low value of pour point gives an opportunity apply biodiesel at low
temperatures that can lead to its usage in a watege, particularly in aviation. The
results of pour point measurement are presentgg.ia.

The values of pour point of the investigated migtudecreased with increasing
of HEA content, but in case of mixturé& 2 andNe 3 it does not change and is

relatively the same. The value of pour point fstarting biodiesel is minus £C.
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Fig. 4. The pour point of theinvestigated mixtures

The combustion heat of a fuel is the amount of gnéhat is released at its
combustion (in our case for 1°of fuel), it corresponds to the useful energy otitpu

The results of combustion heat calculation aregmesl in fig. 5.
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Fig. 5. The combustion heat for the investigated mixtures

Therefore addition of natural bicyclic compound mip@s the value of the
combustion heat: increase of HEA part in blendddea growth of combustion heat.
The combustion heat minimal value for the mixttise8,00215 kJ/cri while the used
petroleum diesel component had some lower — 0,00R¥6ni. The maximal

calculated value of combustion heat was equal@®L5 kJ/cr (mixtureNe 5).

Resear ch of biomass-petrochemical fuel blends

Measuring of viscosity of the prepared fuel mixtiggas made with Ostwald
viscosimeter, diameter of capillary tube 0,62 mnmeTtime of effluence of fuel
through the capillary onto viscosity recalculatwas carried out according equation,

and the passport of viscosimeter:

. "EJ

980.7
v — Kinematic viscosity, sSt;
T — time of effluence, s;

g — accelerationy/s’.

Experimental data of recalculation thento viscosity are given in tabl. 2.



89

Table 2

Viscosity of MERO mixtureswith a mineral diese fud in different ratiosfor

temperature 20 °C
Time of
Content of MERO in blend _ _
_ _ Viscosity m,sSt effluence of
with mineral DF , % _
fuel 7, min.
0 3,71+ 0,15 6,19:0,10
10 3,82+ 0,16 6,30,11
30 4,51+0,11 7,430,12
50 5,42+0,10 9,04:0,15
70 6,81+0,17 11,3%0,16
90 8,52+0,12 14,16:0,17
100 9,30:0,19 15,56:0,12
Ik
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Fig. 6. Viscosity of MERO mixtureswith DF at different content of MERO (0, 10,

30, 50, 70, 90, 100 % at.)

The curve of dependence of viscosity of MERO canteshown on fig.6.

Linearity was observed starting from B30. Viscosippropriately grows with the

increase of content of biodiesel fuel. Until aduhtiof biodiesel up to 10 %, substantial

influence on the change of viscosity was not obeskrv
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Resear ch of density of mixtures BO, B10, B30, B50, B70, B90, B100
Measuring of density was carried out by an areametethod (oil densimeter).
The results of experiment are presented in tabl. 3
Table 3
Dependence of density of mixture of mineral DF with MERO from content of
MERO for temperatures 20,5 °C

Content of MEROs in mineral DF, % Density glem®
0 0,825 + 0,025
10 0,830 £ 0,031
30 0,842 + 0,035
50 0,855 + 0,025
70 0,867 £0,035
90 0,878 + 0,023
100 0,886 + 0,033
Y
.33 /
4 47
5
B s
% 233
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Fig. 7. Dependence of density of mixture of mineral DF with MERO from content
of MERO at temperature 20,5 °C

Dependence of density on content MERO in the mirddesel fuel is shown on

Fig. 7. It is linear dependence. Density is an irtgod index in fuel industry.
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According density measurement (in relation to fonektures) it is possible to define
the percentage of biodiesel fuel in a mineral diessd as by an express-method .
Determination and resear ch of cetane number for fuel mixtures BO-B100
In the given work the cetane number of fuel wa®iaeined by an empiric method.
There is dependence between density and viscosipgtooleum product and cetane
number. This dependence is presented by equation:
(., +178) - 1,587¢

CN =
i

where '0420 - relative density of fuel at 2, that is determined experimentally;

V- kinematic viscosity of diesel fuel at 2, determined experimentally with
viscosimeter.

The calculated values of cetane number are prabemietable 4. It is seen that at
addition of biodiesel fuel MERO it is possible prot@ the cetane number.

Table 4
Cetane number of fuel mixtures, calculated in relation to p and p
Content
of
MERO in | Densityp, g/cn? | Viscosityp, cSt CN
mineral
DF, %
0 0,825+0,005 3,7%0,05 41,38:0,45
10 0,830:0,006 3,83:0,06 41,32:0,44
30 0,842+0,007 4,54:0,07 42,05:0,42
50 0,855+0,015 5,49:0,03 43,08:0,39
70 0,867+0,004 6,81+:0,04 45,05:0,43
90 0,878t0,035 8,52:0,09 47,56:0,42
100 0,886:0,025 9,310,08 48,56:0,41
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Fig. 8. Growth of cetane number at increase of content of biodiesel in a fuel

mixture

From the curves position it is seen, that biodiesklition in a quantity 10 %

does not affect cetane number. The rise of cetanmbar is observed in mixtures with

greater content of biodiesel.

Resear ch of temperature of freezing (pour point) of fuel mixtures

Freezing properties are of major value from thepof view of any fuel user as

they determine such vital for an engine chemmotoldgroperty as pumpability.

Table 5

Temperature of freezing of MERO mixtureswith a mineral diesel fuel at

different ratios of components

Content of MERO in Temperature of freezing
mineral DF % (pour point)°’C

0 -15 +0,90

10 -13 +0,80

30 -15 £0,80

50 -15 £0,75

70 -10 +0.68

90 -8 £0,70
100 -8 10,81
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Fig. 9. Temperature of freezing of MERO mixtureswith DF at different content
of MERO (0, 10, 30, 50, 70, 90, 100 % )

Resear ch of relationship between viscosity and density for the mixtures of
DF with MERO at different ratios
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Fig. 10. Relationship between viscosity and density for the mixturesof DF with
MERO at different ratios

CONCLUSION
1. The FAME type biodiesel is considered to be spective alternative fuel,
but it has significant disadvantages which demaed®oving, among which are low
combustion heat and high pour point.
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2. Adding the offered natural bicyclic compound hassitively influenced
FAME type biofuel characteristics: it causes desirgn of density and kinematic
viscosity, consequently increasing fuel combuséftfactiveness

3. It was found that the value of pour point fopare petrodiesel equals to
minus 10°C, while the minimal received value for investightdends is minus 1%
and the best is minus 46. Thus adding natural bicyclic compound leadsh®gour
point lowering and widening the offered fuel apation range.

4. For investigated HEA/MERO blends was observexnleimse of combustion
heat .

5. Adding the proposed natural bicyclic compound impsothe quality of
FAME type biofuel and may help to extend its apgtiien range onto aviation.

6. As a result of the studies, were charactertdemhges in parameters such as
viscosity, density, cetane number and the freepimgt for fuel mixtures BO, of 10,
B30, B50, B70, B90, B100

7.Addition of MERO increases viscosity of diesedlj but up to 10% it does
not affect the viscosity. Linearity is observedtstg from 30%.

8. Dependence the density of the fuel mixture aMERO content in diesel
fuels is described by linear equations. The densityrowing in the range BO - B100
biodiesel addititions - With increasing the MERONtent cetane number of fuel
blends increases.

9. Biodiesel addition up to 10% MERO does not iaseethe cetane number —
its increase was observed for the mixtures B1200(B1

10. Pour point increases with MERO content in béeriRbur point B90-B100 is

in the same range.
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MOTOPHI ITAJIHBA 3 BIOMACH 3 ITII/[BUIIIEHOK) TEIL/IOTOKO
3IOPAHHA, EKOJIOI'T9HUMH TA XHMMOTOJIOTH9HUMHA
XAPAKTEPUCTHKAMH
€. @. Hosocenos, A 1. llImuxa, A. A. bepe3nuyvruti

Hayionanvnuii asiayitinui ynieepcumem, m. Kuis

Bucoki mouxu 3amep3aHus i HU3bKA MenI0mMEOPHA G1ACMUBICINb € 20JI08HUMU
Heoonikamu oOionanue muny 6ioouzensi. Mu 3anponownysanu 0odasamu NpupoOHULll
KOMNoHenm oepesnoi biomacu — Oiyuxnivnuil eyeneeooensv (1S,5S)-6,@umemun-2-
smunenouyuxnol[3.1.1)eenman (CioH16) 6 6Oionanusa muny memunosux ecmepis
arcuprux kuciom (MEIKK) ona noninwenns ix sKkCniyamayuonHulx eracmueocmett i
exonocuyHux xapaxmepucmuk. Taxum wunom 6yno ompumano 100%#oe cymiwese
bionanueo. /[ NOPIGHAHHA MU BUSYUIU EeKCNAYAMAYIUHI 61ACMUBOCmi cymiuel

memunosoco eqipy pancosoeo macia (MEPQO) 3 minepanvuum OuzeibHuUM naiuéoMm.
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byno ecmamnosnene wo onmumanvHi KOHyeHmpayii makoi Cymiwi naius
snaxooamoca nooausy 30% MEPO. Hamu oocnidiceni, sumipsni, po3paxoeauu, i
NPOaHAani308aHU 2YCMUHA, KIHEMAMU4YHA 6 A3KICMb, MOYKA 3aMep3anHs | menioma
C2OPSIHHA 8KA3AHUX OIONANUE.

Knrowuosi cnosa. oionanmueo, ouzenvne namueo, (1S,5S)-6,@umemun-2-

eminenoiyixno [3.1.1] ecenman, nanusni cymiwi

MOTOPHBIE TOIT/IUBA U3 FUOMACCHI C ITIOBBILIIEHHOH TEIL/IOTOH
CIrOPAHUA, DHEPITETHYECKHUMH, DKOJIOTHYECKHUMH U
XUMMOTOJIOTHYECKHMHU XAPAKTEPUCTHKAMHA
E. @. Hosocenos, A. U. llImvixa, A. A. bepeznuykuu

Hayuonanvnwiti asuayuonnwii ynusepcumem, 2. Kues

Bovicokue mouku 3amep3anus u HU3KAs MenjiomeopHas CnoCOOHOCMb AGISIOMCSL
2NIABHBIMU ~ HEQOCmamKamy ouomonaue muna oOuoousens. Mol  npednodcunu
000a8sAMb  NPUPOOHBILL  KOMNOHEHM OPeBecHOl Ouomaccvl — OUYUKIUYECKULL
yeneeooopoo (1S,5S)-6,@umemun-2-omunenouyuxno[3.1.1)eenman  (CioH1e) 6
ouomonausa muna MOKK ona yayuwenus ux 3SKCHAYAMAYUOHHBIX CEOUCME U
exonocuyeckux xapaxkmepucmux. Taxum obpazom 6wi10 nonyyero cmecesoe 100%+#oe
ouomonnuseo. [ cpasmeHus mvl U3YYUIU IKCNIYAMAYUOHHBIE CEOUCMBA cMecell
Mmemunosoco s¢upa pancogoeo macia (MIOPO) ¢ munepanbHbiM OU3eIbHHIM
monaueom. buviio ycmanoeneno wmo onmumanvhvie napamempvl MAKoOU Ccmecu
eoprouux Haxooamcs eoauzu 30% MOPO. Hamu uccciedogamsl, usmepeusl,
PAcuumaHsl, U NPOAHAIUIUPOBAHbI NIOMHOCMb, KUHEMAMUYECKAds 63KOCMb, MOYKd
3amep3aHusl U MenjioemMKOCMb YKA3AHHbIX cMecell OUOMONIUB U UX CMecell.

Knroueevie cnosa. buomonnueo, ousenvrnoe monauso, (1S, 5S)-6,@umemun-2-

omunenbouyuxio [3.1.1] cenman, monnuenvie cmecu



