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Preparation of diesel fuel blends
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Abstract: The aim of the present work was to synthesize biodiesel fuels from sunflower oil through a trans-
esterification reaction in the presence of a novel catalytic system. Under the molar oil-to-methanol ratio of 1:3
and the temperature of 55 °C, the product yield was 83 %. Physical properties of the biodiesel and diesel
fuels under study, as well as their blends containing 20 and 50 vol% of biodiesel fuel (B20 and B50), were
investigated against ASTM standards. An increase in the proportion of biodiesel fuel increases both the den-
sity of the B20 and B50 blends, as well as their kinematic viscosity, which remains within the 2-5 mm?/s
range at 40 °C thus meeting ASTM requirements. It is shown that the content of unsaturated compounds in
the biodiesel blends altered within the range specified by ASTM. The flash temperature of the B20 and B50
biodiesel blends was shown to be higher than that of diesel fuel. This led to some deterioration in their flam-
mability, at the same time as making the transportation and storage of these fuels safer. The sulphur content
in the biodiesel blends under study decreased significantly with an increase in the biodiesel content: from 50
m.c. in diesel fuel up to 27 m.c. in the B50 blend. The use of such biodiesel blends reduces the content of
sulphur oxides in exhaust gases, which has a beneficial effect on the environment and human health. The
use of the proposed catalytic system reduces the amount of foam produced by biodiesel washing, thus sim-
plifying its synthesis. Due to the absence of the neutralization stage, the described catalytic system can be
reused after water removal through distillation.
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MpurotoBneHue ausenbHbIX cCMecen
n nccnegoBaHue nx nM3anyeckMx CBOUCTB

U.lr. Mamepos, O.H. IxxaBagoBa, .H.B. AsumoBa
BakuHCKMI rocynapCTBEHHLIN yHUBEPCUTET, I. Baky, AzepbanaxaH

Pesrome: Llenbo pabomsbi s6nsicsi cuHmes buodu3enibHo20 monnuea u3 nodCo/IHeYHO20 Macna o peak-
uuu nepeamepuguKkayuu 8 rpucymcmaeuu Hoeol Kamanumu4eckol cucmemsi. [1pu MOISPHOM COOMHoWe-
Huu macna kK memadosny 1:3 u memnepamype 55 °C 8bixo0 npodykma cocmasus 83 %. B coomeemcmeuu
co cmaHdapmamu ASTM bbinu uccnedosaHbl 8axHble ¢husuveckue ceolicmea buodusesibHo20 U OU3€esIbHO-
20 monnus, a makxe ux cmecel, codepxawux 20 u 50 % (06.) 6uodusenbHoz2o mornnuea (B20 u B50).
lMnomHocme cmeced B20 u B50 pacmem c¢ yesenudeHuem Qonu 6uodusernibHo20 monuesa.
KuHemamuyeckas esi3kocmb cMmecel ¢ pocmom codepxaHusi 6uodu3esibHO20 mMornuea He3HayumesibHO
ysenu4yueaemcsi, ocmaeasicb 8 rnpedenax 2-5 mm*/c npu 40 °C, ymo coomeemcmeyem mpebogaHusiM
ASTM. Kak nokasanu pe3ynbmamsbi uccriedogaHus, co0epxaHue HEeHacbIWeHHbIX CoeOuHeHUl 8
buodu3sesnbHbIX CMECsX Haxoouroch 8 rpedenax, Hopmupyembix ASTM. Temnepamypa ecribiwku 05151 6uo-
dusenbHo20 mornuea, cmecel B20 u B50 ebiwe, yem y dusenbHO20 monauea. Omo npueodum K HeKomo-
pomy yxyOuwieHUK Ux 80criaMeHsseMocmu, HO, ¢ Opyaoli CMOpPOHbI, Oeslaem mpaHCIopmMuUPOBKY U XpaHeHUe
amux eudos mornuea bonee besonacHou. CodepxxaHue cepbl 8 BUOOU3ESIbHBIX CMECSX 3Ha4yumesibHO
yMeHbuiaemcsi c pocmom codep>kaHusi buodu3senibHo20 mornnuea: om
50 m.0. 8 dusenbHom morinuge 0o 27 m.0. 8 cmecu B50. Mcrionb3osaHue makux 6uodusesibHbix cMmecel
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CHUXaem codepaHue OKCUO08 Ccepbl 8 8bIXJIOMNHbIX 2a3ax, Ymo 61a2onpusimHo cKka3bl8aemcsi Ha CoOCmosi-
Huu oKpyxatouwel cpedbl u 30oposbe 4Yesiogeka. Mcronb3oeaHue HOBOU Kamasumu4Yeckol cucmembl no3-
gosisiem CHU3UMb 06bEeM rneHbl, obpa3syrowelics npu npomsieke buoduserss, Ymo yrpowaem mexHonoauye-
cKull npoyecc e2o cuHme3sa. bnazodapsi omcymemeuro cmaduu Helimpanusayuu rnpuMeHsieMasi Kamaru-
mudeckasi cucmema Moxem 6bimb UCMOMIb308aHa N08MOPHO rocsie yoaneHus npomMbIeHOU 800bI MEMOOOM
oucmunnayuu.

Knroueenie crnoea: 6uodusensHoe mornaueo, peakyusi nepeamepugukayuu, Hopmel ASTM, Hoeasi kama-
Jlumuyeckasi cucmema, UemaHogoe YuCsio

Uugpopmayus o cmamese: [Jama nocmynneHuss 27 mapma 2020 2.; dama npuHamusi K nedamu 29 mas
2020 e.; dama oHnaliH-pasmeweHust 30 uroHs 2020 e.

Ans yumupoearusi: Mamepnos W.I'., xaBagosa O.H., AsaumoBa H.B. NMpurotoBneHne gmsernbHbIX cMecen
N nccnegoBaHne Ux (puanmdecknx CBOUCTB. M3gecmusi 8y308. [NpuknadHas xumusi u buomexHonoaus. 2020.

T.10. N 2. C. 332-338. https://doi.org/10.21285/2227-2925-2020-10-2-332-338

INTRODUCTION

Emissions from vehicles (carbon dioxide,
sulphur oxide and other toxic gases resulting from
fuel burning) are the main contributing factors to
such environmental problems as the growing
ozone hole, acid rains, accumulation of toxic
compounds in the atmosphere and the green-
house effect. Another serious problem is the de-
pletion of existing fossil fuel resources [1-4].

Issues associated with reducing oil reserves
and environmental pollution underpin the search
for renewable and environmentally friendly alter-
native energy sources. Among promising fuels for
diesel engines are biodiesel blends derived from
vegetable oils and animal fats through the reac-
tion of transesterification. Transesterification is the
interaction of oil triglycerides with alcohols having
a small molecular mass in the presence of various
catalysts followed by the formation of a mixture of
fatty acid alkyl esters and glycerine as a by-
product.

Potential advantages of pure and blended bi-
odiesel fuels include their biodegradability, higher
cetane numbers, low emissions, as well as im-
proved lubricating capacity leading to an in-
creased service life of engines. Since biodiesel
fuels contain no aromatic, nitrogen and sulphur
compounds, their burning produces no toxic ox-
ides responsible for serious environmental prob-
lems [5-17].

Biofuel production is steadily increasing.
While the share of biofuels in the global produc-
tion of fuel for road transport was 1 % in 2004, the
International Energy Agency (IEA) has predicted
its increase up to 7 % by 2030 [18].

This work presents a novel catalytic system
for the transesterification reaction. Using the pro-
posed catalytic system and sunflower oil, a bio-
diesel fuel was synthesized. The as-obtained
product was subsequently mixed with oil diesel in
the mass ratio of 20:80 (B20) and 50:50 (B50).
The main physical characteristics and cetane
number of the biodiesel fuel and biodiesel blends
were determined.

EXPERIMENTAL

Samples of summer diesel fuel and sunflower
oil were purchased at a gas station and markets in
Baku, Azerbaijan. The B20 and B50 blends were
prepared by mixing diesel and biodiesel. Biodiesel
synthesized from sunflower oil and its blends were
characterized in accordance with the American
Standard of Testing and Materials (ASTM) meth-
ods.

Sunflower biodiesel (B100) was obtained by
dissolving 0.25 g of potassium hydroxide (KOH)
and 0.25 g of 4-bromophenacyl! pyridinium hydrox-
ide (BPPH) in 75 ml of methanol (CH3;OH) without
heating (at room temperature). After complete
dissolution, 100 grams of oil was added to this
mixture. The reaction was carried out in a conical
flask equipped with a reverse refrigerator and
magnetic stirrer for 3 hours at 55 °C (rotation
speed was maintained at 1000 rpm). After stirring,
the reaction mass was aged for at least 12 hours
in a dividing funnel. The reaction mass was divid-
ed into 2 layers using a dividing funnel: the upper
layer contained biodiesel, the lower layer — glycer-
ine. Untreated biodiesel was repeatedly washed
with hot distilled water in order to remove cata-
lysts. The conversion rate was 83% when using
the molar ratio of oil to methanol 1:3.

4-bromophenacyl pyridinium hydroxide
(BPPH) was obtained by boiling 10 mmol
of phenacyl bromide and 10 mmol of pyridine in
50 ml of toluene in a flask with a reverse fridge.
After the formation of a quaternary pyridinium
bromide salt, 10 mmol of KOH was added for the
synthesis of BPPH (Fig. 1).

NMR spectra of diesel and biodiesel fuel
samples were recorded using a spectrometer
AVANCE 300 (Bruker Corporation, Germanay:
300,130 MHz for 'H, 75,468 MHz for *°C
equipped with a temperature regulator — BVT
3200 sensor. The spectra were recorded in spe-
cial vials 5 mm in diameter using the standard
Bruker TopSpin 3.1.0 software. Chemical shifts 'H
and *C were recorded relative to tetrame-
thylsilane (TMS). The spectra for diesel and bio-
diesel fuels were recorded in CDClI; solutions.
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Cetane numbers for the summer diesel, sun-
flower biodiesel and biodiesel blends under study
were calculated according to the methods pre-
sented in' [19, 20].

Br — OH

Fig. 1. Formula of 4-bromophenacyl pyridinium
hydroxide (BPPH)

Puc. 1. ®opmyna 4-6pomebeHayunnupuduHuUym
2udpokcud (bl

RESULTS AND DISCUSSION

The properties of biodiesel fuel depend
on the structure of fatty acids contained in the tri-
glycerides of vegetable oil, from which the fuel is
synthesized. The fatty acid composition deter-
mines the physical and operational parameters
of biodiesel, such as cetane number, viscosity,
cloud temperature, etc. The physical and chemi-
cal properties of sunflower oil are presented
in Table 1.

Table 2 describes physical properties of the
summer diesel fuel, biodiesel fuel from sunflower
oil (B100) and their blends (B20, B50) under
study.

According to Table 2, the B20 and B50
blends demonstrated a higher level of density,
since the density of biodiesel is higher than that of
diesel. This can also be explained by the differ-
ence in the composition of these fuels: a mixture
of hydrocarbons in diesel vs. a mixture of complex
esters in biodiesel.

The kinematic viscosity of biodiesel is also
higher than that of diesel. Therefore, the kinematic

viscosity of biodiesel blends increases with an
increase in the proportion of biodiesel, although
remaining within 2-5 mm?/s at 40 °C and meeting
ASTM requirements. A significant increase in vis-
cosity is undesirable for fuels intended for diesel
engines due to such possible negative effects as
impeded fuel pumping, appearance of drops, in-
sufficiently thin spraying of fuel in the combustion
chamber and incomplete combustion. However,
the viscosity of the B20 and B50 blends almost
equals that of diesel, which indicates their suitabil-
ity for diesel engines.

Fuels with higher flash temperatures are
slightly less flammable. This parameter has little
effect on the engine performance; rather, it serves
as an indicator of fire hazard during the storage
and transportation of fuels. Higher flash tempera-
tures make transportation and storage of fuels
safer.

Temperatures of clouding and hardening of
the biodiesel blends under study increased slightly
with an increase in the proportion of biodiesel.
The obtained results do not exceed the values
specified for biodiesel fuels and do not affect the
engine performance during warm weather
months.

No unsaturated compounds were detected in
the summer diesel fuel under study, which was
confirmed by both the experimental determination
of the iodine number and *H NMR (no signals re-
lated to olefin hydrocarbons were observed in the
spectrum in the range of 4-6 m.c.). Biodiesel was
synthesized from sunflower oil, in which the con-
tent of acids with unsaturated radicals can exceed
70 % (see Table 1). Such fuels always contain
a significant amount of methyl esters of highly
unsaturated acids. However, the degree of unsat-
uration in the biodiesel blends under study ranged
within the limits indicated by ASTM, which
was confirmed both by the iodine number (see
Table 2) and NMR (Fig. 2a).

Table 1

Physical and chemical properties of refined sunflower oil

Tabnuya 1

du3uko-xumu4veckue ceolicmea pad)UHUpOSaHHOZO nodcosiHeYHO20 Macna

Fatty acid (number of C atoms: number of double bonds)

Parameter 160 180 181 182
Composition of fatty acids, wt% 3.5-7.6 1.3-6.5 14-43 44-74
Acid number, mg KOH/g 0.28+0.5
Saponification number, mg KOH/g 193.3+0.5
lodine number, g 1,/100 g 121.4+0.5
Viscosity, sP 34.1£0.5
Flash temperature, °C 265
Freezing temperature, °C +12
Density, g/cm® 0.9186

' Yanowitz J., Ratcliff M.A., McCormick R.L., Taylor J.D., Murphy M.J. Compendium of experimental
cetane numbers. Technical report. 2017. https://doi.org/10.2172/1345058
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Table 2

Physical properties of diesel fuel, biodiesel synthesized from sunflower oil and their blends

Q@u3suyeckue ceolicmea Ou3esibHO20 mornsuea, 6uodu3eslIbHO20 MmorJiuea,
CUHMe3upoeaHHO20 U3 NOACO/IHe4YHO20 Macsia, u e2o cmecel

Tabnuya 2

ASTM requirements Experimental data
Parameter ASTM Diesel
methods Diesel fuel Bio-diesel fuel B20 B50 B100

Relative density , D1298 0.8-0.84 0.86-0.9 0.837 | 0.859 | 0.864 | 0.886
Viscosity at 40 °C, mm®/s; | 445 25 35-50 | 344 | 349 | 387 | 415
min-max
Flash temperature, “C, D93 65 >120 70 75 87 137
no less than
Cloud temperature, °C D2500 -12 <20 7 9 10 11
Freezing temperature, °C D2500 -15 <15 0 2 5 1
lodine number, - 60-135 <120 158 | 47.69 | 88.97 | 113.86
g (1,)/100 g
Sulfur, mass content, D975-14 15 15 50 | 38 | 27 0
no more than
Water and sediment,
vol. % D975-14 0.05 0.05 0 0 0 0
No more than
Copper corrosion, i
3 hours at 50 °C, max D975-14 No. 3 No. 3 No. 2 No. 1 No. 1 No. 1
Cetane number, min D975-14 40 47 53 51.8 50.1 47.2

|

" |

I} 4

LU Ly
a b

Fig. 2. *H NMR spectra for samples of biodiesel (a) and diesel fuel (b)

Puc. 2. *H SIMP-cnekmpbi 0ns1 o6pasyoe 6uodusenbHoz20 (a) u dusensHo20 monnuea (b)

The sulphur content in the biodiesel blends
decreased significantly with an increase in the
biodiesel content: from 50 m.c. in the diesel fuel
up to 27 m.c. in the B50 blend. The use of such
biodiesel blends reduces the content of sulphur
oxides in exhaust gases, which has a beneficial
effect on the environment and human health.

The experimental results (see Table 2)
revealed no water and mechanical impurities
in the samples of the synthesized biodiesel, B20
and B50 blends. The determination of the corro-
sive aggressiveness of the samples showed only
a slight or moderate tarnish of a copper strip
(class 1 and 2). This confirms the high quality of
the synthesized fuel and its blends.

The obtained 'H NMR spectra clearly
demonstrate the absence of water in the studied

samples: no signals in the spectrum related to
water protons in the area of 4.7 m.c. (see Fig. 2a).

The cetane numbers for the B20 and B50
blends, although decreasing slightly, exceeded
the level of 50, thus meeting ASTM requirements.
This fact did not have a significant effect on the
operational properties of the studied samples.

Alkaline or acid catalysts are frequently used
in biodiesel production. The use of such catalysts
should be restricted because of the complexity of
their separation and recovery, as well as environ-
mental pollution and equipment corrosion. In addi-
tion, the process of neutralizing and rinsing alka-
line catalysts involves the formation of foam at a
level of 2 % from the initial mass of oil used for
synthesis. This makes it difficult to rinse and fur-
ther separate layers of the reaction mass.
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A significant advantage of the proposed cata-
lytic system 0.25 % of BPPH — 0.25 % of KOH is
the absence of foam formation. In addition, the
proposed method omits the stage of catalyst neu-
tralization; therefore, the catalytic system can be
reused upon water removal. The biodiesel yield
comprises 61 % and 38 % upon the second and
third use of BPPH, respectively. Water removal is
achieved by distillation.

Transesterification of sunflower oil with
methanol followed by the formation of a biodiesel
fuel is a typical reaction of nucleophilic substitu-
tion. It is known that OH" ions contained in BPPH
and alkali act as an active cite for biodiesel syn-
thesis. In the first stage, methanol is activated by

OH’ ions. Upon activation, CH;O" ions attack the
carbonyl group of triglycerides with the formation
of fatty acid methyl ester. In the second and third
stages, other carbonyl groups in triglycerides in-
teract with CH3O™ to form a mixture of fatty acid
methyl esters (biodiesel).

CONCLUSIONS

The properties of summer diesel, biodiesel
fuel derived from sunflower oil B100, as well as
B20 and B50 blends, were investigated against
ASTM standards. The proposed novel catalytic
system for sunflower oil transesterification has a
positive effect on the processes of separating bio-
diesel from glycerine.
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