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Impact of detergent-dispersant additives on B20 fuel
oxidation stability

The impact of detergent-dispersant additives prepared by INiG — PIB and the commercial oxidation inhibitor on the oxida-
tion stability of diesel fuel containing 20% (7/V) FAME is presented. Oxidation stability was monitored during a six-month
testing at room temperature. Two method of oxidation stability were used (PN-EN 15751 and PN-EN 16091). Additionally
Dynamic Light Scattering technique was used to estimate the subtle stability changes in time. Good antioxidant properties of
the polyisobutylene-succinimide-amide detergent-dispersant additive in diesel fuel containing 20% (77V) FAME have been
confirmed for up to five months fuel stored at room temperature. The application of the same substances as effective detergent-
dispersant and antioxidant additives in fuel results in significant cost reductions, compared to the application necessity of
both detergent-dispersant additives and additionally other substances as antioxidant additives.
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Wptyw dodatku detergentowo-dyspergujacego na stabilnos¢ paliwa B20

W artykule przedstawiono wyniki badania wptywu dodatku detergentowo-dyspergujacego opracowanego w INiG — PIB oraz
handlowego inhibitora utleniania, na odporno$¢ na utlenianie oleju napedowego zawierajacego 20% (7/V) FAME. Odpornos¢
na utlenianie monitorowano w trakcie szeSciomiesigcznego testu przechowywania probek w temperaturze pokojowej. Do ba-
dan wykorzystano dwie metody oznaczania stabilno$ci oksydacyjnej (PN-EN 15751 oraz PN-EN 16091). Dodatkowo w celu
oszacowania subtelnych zmian stabilnosci badanych probek w czasie wykorzystano technike dynamicznego rozpraszania la-
serowego. Potwierdzono dobre wlasciwosci przeciwutleniajgce dodatku detergentowo-dyspergujacego o strukturze poliizobu-
tylenobursztynoimido-amidu w oleju napedowym zawierajacym 20% (7/V) FAME do pigciu miesiecy przechowywania pali-
wa w temperaturze pokojowej. Stosowanie w paliwach tych samych substancji jako skutecznych dodatkow detergentowo-dy-
spergujacych oraz przeciwutleniajacych powoduje znaczne obnizenia kosztow w stosunku do konieczno$ci stosowania zarow-
no dodatkéw detergentowo-dyspergujacych, jak rowniez dodatkowo innych substancji jako dodatkéw przeciwutleniajacych.

Stowa kluczowe: inhibitor utleniania, paliwo B20, stabilno$¢ oksydacyjna, dodatek detergentowo-dyspergujacy.

Introduction

Biocomponents currently used in diesel fuels are almost
exclusively fatty acid methyl esters (FAMEs) produced by
catalytic transesterification of natural triglycerides [1-3, 5, 6,
10, 23]. The standard [26] permits the introduction of FAMEs
which meet the requirements of the standard [25] in the amount
of up to 7% (V/V) in diesel fuel. Due to the global trends
concerning the growth of biofuel consumption in transport,
research is being conducted ref. to fuels with higher content
of biocomponents.

The use of FAMESs can cause many operational problems,
including deteriorated low-temperature properties, higher
viscosity, higher susceptibility to corrosion, poor thermal

stability and oxidation resistance, storage problems and low
energy value [4, 9, 10, 14-19].

The process of fuel oxidation leads to the formation of
various types of deposits from resins and acids. Oxidation
deposits can damage fuel pumps, block filters and fuel lines
and can disturb the fuel injection process by settling on the
injector tips. Acid oxidation products contribute to the degrada-
tion of engine parts by causing increased corrosion and rapid
degradation of seals [7, 10-12, 19-22, 24].

The most effective method of preventing FAME oxidation
is the use of antioxidant additives. The most commonly used
synthetic antioxidants include: BHT, a mixture of 3-tert-butyl-
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4-hydroxyanisole and 2-tert-butyl-4-hydroxyanisole (BHA),
2-(1,1-dimethylethyl)-1,4-benzenediol (TBHQ), 1,2,3-trihy-

droxybenzoate (PY) and propyl ester of 3,4,5-trihydroxybenzoic
acid (PG) [22].

Experimental part

Feedstocks

BHT

An oxidation inhibitor with a structure of 2,6-ditert-butyl-4-
methylphenol with a broad spectrum of applications. The manu-
facturer of the additive used in the testing and available under
a commercial name of Ionol CP is Degussa Sant Celoni S.A.

DETS

Polyisobutylene-succinimide-amide, as a detergent-dis-
persant additive synthesised in INIG — PIB, has antioxidant
properties too. The technology of its production is protected
by the Polish Patent Office (patent applications: P.413867 and
P.419859). The dosage of this additive for testing in a quantity
that ensures the appropriate detergent-dispersive properties is
100 mg of active substance per 1 kilogram of fuel.

FUEL
The subject matter of the research was a diesel fuel con-
taining 20% (V/V) of higher fatty acid methyl esters. The

fuel was composed on the basis of a diesel fuel purchased
from Grupa Lotos S.A. and FAMEs manufactured in ORLEN
Potudnie S.A. and treated by the BHT additive (1000 mg/kg)
as an antioxidant. The diesel fuel properties estimated in physi-
cochemical tests are given in Table 1 and the FAME test results
are given in Table 2.

Table 1. Physicochemical properties of Lotos S.A. diesel fuel

Cetane number - 51.4
Density at 15°C kg/m’ 822.0
Sulphur content mg/kg below 5.0
Ignition temperature °C 61.0
Fatty acid methyl esters % (V1V) 0
Viscosity at 40°C mm?/s 2.384
Fractional composition:

— distils to 250°C % (VIV) 455
— distils to 350°C % (VIV) 92.9
—95% (V/V) distils to temperature °C 357.8
Oxidation resistance min 67

Table 2. Physicochemical properties of FAME

FAME content % (m/m) 98.0
Density at 15°C kg/m’ 882.8
Viscosity at 40°C mm?/s 4.433
Ignition temperature °C 181.5
Copper corrosive effect test (3 h at a temperature of 50°C) corrosion degree la
Oxidation stability (at a temperature of 110°C) h 6.9
Acid number mg KOH/g 0.20
Todine number g,/100 g 111.8
Content of linolenic acid methyl ester % (m/m) 8.7
(Czoztgr(::l glfe p;)(l)ifl (;lsr)lsaturated fatty acid methyl esters % (mim) below 0.6
Content of methyl alcohol % (m/m) 0.01
Content of monoacylglycerols % (m/m) 0.68
Content of diacylglycerols % (m/m) below 0.10
Content of triacylglycerols % (m/m) below 0.10
Free glycerol content % (m/m) 0.006
Total glycerol content % (m/m) 0.19
Water content mg/kg 145
Total impurity content mg/kg 9.2
Sulphate ash content % (m/m) below 0.005

238 Nafta-Gaz, nr 3/2018



artykuty

Test methodology

The samples of B20 fuel used for tests contained: (1) a BHT
additive in an amount of 150 mg/kg of fuel, (2) a DETS de-
tergent-dispersant additive in an amount of 143 mg/kg of
fuel (100 mg/kg of active substance), and (3) a reference
sample without additives. The fuel samples were placed in
borosilicate glass bottles closed with a cap with a tube which
allowed the air access and prevented the contamination of the
sample. One sample of each fuel type was prepared and then
poured into separate bottles for each tested incubation period.

The containers were stored in a drying oven (at a temperature of

25 +0.5°C) without an access to light for a period of 6 months.

The following tests were conducted at monthly intervals:

* the determination of oxidation stability by accelerated
oxidation method according to PN-EN 15751,

 the determination of oxidation stability by rapid small-scale
oxidation method according to PN-EN 16091,

* the determination of particle size distribution using the
Zetasizer Nano S analyser.

Discussion of results

Table 3. Oxidation stability test results determined according to PN-EN 15751 and PN-EN 16091

without an additive with BHT with DETS | without an additive with BHT with DETS
RO 0 37.50 47.70 42.70 92 113 94
R1 1 40.00 51.10 47.90 91 103 85
R2 2 36.22 45.93 46.42 97 118 102
R3 3 37.38 50.57 48.00 91 114 98
R4 4 34.05 4595 45.00 81 106 97
R5 5 38.39 41.83 41.54 80 106 98
R6 6 24.20 44.16 29.40 60 108 69

Table 3 shows the results of the oxidation stability tests of
the tested B20 fuel samples according to PN-EN 15751 and
PN-EN 16091.

The oxidation stability determined according to the PN-EN
15751 standard did not show significant changes for all tested
B20 fuel samples up to the fifth month of storage in 25°C. The
sixth month of the test showed a sharp decrease in oxidation
stability of the sample containing the DETS additive and the
sample without additives. The fuels treated by the DETS and
BHT additives were more stable than the untreated B20 fuel.
The results obtained in individual test periods for both samples
containing additives were within the measurement uncertainty.

The oxidation stability of all the tested B20 fuel samples
determined according to PN-EN 16091 showed small fluctua-
tions of the tested parameter up to the fifth month in storage
at 25°C while in the sixth month, the oxidation stability were
deteriorated for the fuel containing no additives and the fuel
treated by the DETS additive.

The changes occurring in particle size distributions de-
termined by DLS method are presented in Figures 1 to 3
(Fig. 1 — B20 fuel without additives, Fig. 2 — B20 fuel with
BHT additive, Fig. 3 — B20 fuel with DETS additive).

During the storage of all the B20 fuel samples (without
additives and containing BHT and DETS), a slow decrease in
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Fig. 1. Changes in particle size distributions in the B20 sample
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Fig. 2. Changes in particle size distributions
in the B20-BHT sample
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the intensity and widening of the most intensive peak
width were observed. This course of changes in particle
size distributions is characteristic for the samples that
are unstable across time in which slow formation of
macro-particles with larger hydrodynamic sizes occurs.
However, it should be noted that these changes were
not characterised by intensive dynamics.

Fig. 3 Changes in particle size distributions in the B20-DETS sample

Summary

As part of the conducted tests, the effectiveness of the deter-
gent-dispersant antioxidant additive evaluated by INiG — PIB
was compared to a commercial oxidation inhibitor. The tests
confirmed good antioxidant properties of the detergent-dispersant
additive with a structure of polyisobutylene-succinimide-amide in
diesel fuel containing 20% (V/V) of FAME:s for up to five months

during storage at a room temperature. Prolonging the fuel storage
period up to six months reduced its effectiveness. The possibility
to apply the one substance to treat fuels as effective detergent-
dispersant and antioxidant additives significantly reduces costs
compared to the need to use both detergent-dispersant additives
and other additional substances as antioxidants.
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The article was written on the basis of a research work entitled: Studium wplywu dodatkow na odpornosé na utlenianie paliw przezna-

czonych do silnikow ZS (Study on the influence of additives on the oxidation resistance of fuels designed for CI engines) — INiG — PIB
work commissioned by the Ministry of Science and Higher Education; order number: 0088/TC/17/01, archival number: DK-4100/75/17.

Literature

[1] BajpaiD., Tyagi V.K.: Biodiesel: source, production, composi-
tion, properties and its benefits. Journal of Oleo Science 2006,
vol. 55, pp. 487-502.

Beck A., Bubalik M., Hancsok J.: Development of a novel
multifunctional succinic-type detergent-dispersant additive for
diesel fuel. Chemical Engineering Transactions 2009, vol. 17,
pp- 1747-1752.

Beck A., Polczmann G., Eller Z., Hancsok J.T.: Investigation
of the effect of detergent-dispersant additives on the oxidation
stability of biodiesel, diesel fuel and their blends. Biomass and
Bioenergy 2014, vol. 66, pp. 328-336.

Dantas M.B.: Characterization and kinetic compensation effect
of corn biodiesel. Journal of Thermal Analysis and Calorimetry
2007, vol. 87, pp. 847-851.

Demirbas A.: Importance of biodiesel as transportation fuel.
Energy Policy 2007, vol. 35, pp. 4661-4670.

Demirbas A.: Progress and recent trends in biofuels. Progress
in Energy and Combustion Science 2007, vol. 33, pp. 1-18.
Dodos G.S., Zannikos F., Stournas S.: Effect of Metals in the
Oxidation Stability and Lubricity of Biodiesel. SAE Technical
Paper 2009-01-1829, 2009.

Falk O., Meyer-Pittroff R.: The effect of fatty acid composition
on biodiesel oxidative stability. European Journal of Lipid Sci-
ence and Technology 2004, vol. 106, pp. 837-843.

Frankel E.N.: Lipid oxidation. Dundee, Scotland: The Oily
Press. 1998, pp. 161-186.

(2]

240 Nafta-Gaz, nr 3/2018

[10] Hancsok J., Kasza T., Kovacs S., Solymosi P., Hollo A.: Produc-
tion of bioparaffins by the catalytic hydrogenation of natural
triglycerides. Journal of Cleaner Production 2012, vol. 34,
pp- 76-81.

Jain S., Sharma M.P.: Stability of biodiesel and its blends. Renew-
able and Sustainable Energy Reviews 2010, vol. 14, pp. 667-678.
Karavalakis G., Hilari D., Givalou L., Karonis D., Stournas S.:
Storage stability and ageing effect of biodiesel blends treated
with different antioxidants. Energy 2011, vol. 36, pp. 369-374.
Karavalakis G., Stournas S.: Impact of Antioxidant Additives
on the Oxidation Stability of Diesel/Biodiesel Blends. Energy
Fuels 2010, vol. 24, pp. 3682-3686.

Knothe G.: Dependence of biodiesel properties on the structure
of fatty acid alkyl esters. Fuel Processing Technology 2005,
vol. 86, pp. 1059-1070.

Knothe G.: Some aspects of biodiesel oxidative stability. Fuel
Processing Technology 2007, vol. 88, pp. 669—-677.

Krar M., Kovacs S., Kallo D., Hancsok J.: Fuel purpose hy-
drotreating of sunflower oil on CoMo/Al,O; catalyst. Biore-
source Technology 2010, vol. 101, pp. 9287-9293.
Krasodomski W., Zétty M.: Poréwnanie standardowych metod
oznaczania stabilnosci oksydacyjnej olejow napedowych
zawierajgcych FAME. Nafta-Gaz 2017, no. 6, pp. 422-429,
DOI: 10.18668/NG.2017.06.07.

Parsons G.M.: Biodiesel and engine lubrication. Chevron:
Global Lubricants 2007.

[11]

[12]

[13]

[14]

[15]

[16]

[18]



[19]

[20]

[21]

[22]

(23]

Sacha D.: Nowe narzedzia badawcze do oceny wlasciwosci
uzytkowych paliw do silnikow o zaplonie samoczynnym. Nafta-
Gaz 2012, no. 2, pp. 133-137.

Sacha D.: Ocena stabilnosci oksydacyjnej paliw do silnikow
o zaplonie samoczynnym wedtug projektowanych wymagan
CEN. Nafta-Gaz 2013, no. 11, pp. 858-867.

Schober S., Mittelbach M.: The impact of antioxidants on
biodiesel oxidation stability. European Journal of Lipid Science
and Technology 2004, vol. 106, pp. 382—-389.

Terry B., McCormick R.L., Natarajan M.: Impact of biodiesel
blends on fuel system component durability. SAE Technical
Paper 2006-01-3279, 2006.

Vasudevan P.T., Briggs M.: Biodiesel production — current state
of the art and challenges. Journal of Industrial Microbiology
& Biotechnology 2008, vol. 35, pp. 421-430.

Westbrook S.R.: An evaluation and comparison of test methods
to measure the oxidation stability of neat biodiesel. Report to
national renewable energy laboratory, contract no. DEAC-
3699G010337, sub contract no. ACE3307501, 2005.

artykuty

Legal and normative acts:
[25] PN-EN 14214+A1:2014-04 Ciekle przetwory naftowe — Estry

metylowe kwasow ttuszczowych (FAME) do uzytku w silni-
kach samochodowych o zaplonie samoczynnym (Diesla) i za-
stosowan grzewczych — Wymagania i metody badan.

[26] PN-EN 590+A1:2017-06 Paliwa do pojazdow samochodo-

wych — Oleje napedowe — Wymagania i metody badan.
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ZAKEAD DODATKOW | NOWYCH TECHNOLOGII CHEMICZNYCH

Zakres dziatania:
e opracowywanie i doskonalenie technologii wytwarzania:

» dodatkdw uszlachetniajacych do ptynnych paliw weglowodorowych i biopaliw,
» dodatkéw stosowanych podczas wydobycia, transportu i magazynowania ropy nafto-

wej i gazu ziemnego,

» dodatkéw do paliw statych, ze szczegélnym uwzglednieniem komponentéw pochodza-

cych ze zrodet alternatywnych (gliceryna, odpady, itp.),
» specjalistycznych srodkédw stosowanych w przemysle;

e ocena jakosci i przydatnosci do stosowania oraz ekspertyzy i doradztwo w zakresie dodat-
kow i pakietéw dodatkéw uszlachetniajacych do paliw i biopaliw;

e badania w zakresie nowych technologii chemicznych w przemysle wydobywczym i rafine-

ryjnym;

*  badania niestandardowe i identyfikacyjne na potrzeby ekspertyz;
e badania nad wykorzystaniem nanoproduktéw w przemysle wydobywczym i rafineryjnym, opracowywanie i doskonalenie ich tech-

nologii;

*  opracowywanie i walidacja nowych metod analiz dodatkéw uszlachetniajacych do paliw, biopaliw, ropy naftowej i gazu ziemnego;
. badania wfasciwosci fizykochemicznych dodatkow uszlachetniajacych do paliw i olejow smarowych.
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