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ABSTRACT
This work investigates the impact of higher olefins and typical impurities from a preceding Dimethyl ether-to-Olefins (DtO)
process on olefin oligomerization for fuel production. Feed complexity was systematically increased to mimic a DtO product
containing lower and higher olefins as well as paraffinic and aromatic components. Higher olefins incorporation enhanced the
yield of C13+ hydrocarbons, while impurities reduced it. Kerosenewas the dominant product fraction. Temperaturewas determined
to be the governing parameter for promoting C13+ formation and increasing diesel fuel yields, surpassing feed composition effects.
Several key properties of the kerosene fraction comply with the ASTM D7566 22a standard for sustainable aviation fuels, whereas
some important properties of the diesel fraction meet the ISO 8217 DMB grade for marine diesel fuel.
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Introduction

hrough the “Hightech Agenda Germany,” the German gov-
rnment aims to promote sustainable fuel production in order
o reduce CO2 emissions [1]. One promising approach towards
chieving these objectives is the oligomerization of olefins to
roduce hydrocarbons within the gasoline, jet, or diesel fuel
oiling ranges. Olefins can be produced by converting methanol
ia the Methanol-to-Olefins (MtO) process or dimethyl ether
DME) via the DME-to-Olefins (DtO) process [2, 3]. DME shows
dvantageous thermodynamic and economical properties com-
ared tomethanol [2, 4], as DME can be synthesized directly from
yngas with a lower H2/CO ratio [5, 6] or a high CO2 content [7,
]. Additionally, DME is generally more reactive than methanol
9, 10]. Furthermore, the DtO process produces less water [11] and
s less exothermic than the MtO process [2, 12].

egarding the catalysts for MtO/DtO processes, zeolites with the

FI framework type or silicoaluminophosphates (SAPO) have

bbreviations: AtJ, alcohol-to-jet; DMB, distillate marine fuel grade B; DME, dimethyl ether; DtO, DM
AF, sustainable aviation fuels; SAPO, silicoaluminophosphates.
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been mostly utilized, resulting predominantly in C2–C4 olefins
[2, 3, 13, 14]. Recently, a *MRE zeolite caused a significant change
in the product distribution by also forming higher olefins up to
C11 [15]. When the *MRE catalyst was loaded with palladium
and hydrogen was co-fed during DME conversion, the catalyst
lifetime increasedmarkedly, resulting in a cumulative conversion
capacity exceeding 800 gDME g−1cat [16, 17]. At the same time, the
ethylene and aromatics contents remained low. This is partic-
ularly advantageous for subsequent oligomerization towards jet
and diesel-range fuels since ethylene predominantly forms lighter
oligomers and promotes side reactions associated with aromatics
and coke formation [18–21].

The homo-oligomerization of individual lower olefin species like
propylene and butylenes for the production of fuels, especially
gasoline, is well studied and industrially established [18–24].
Processes such as UOP’s Catpoly and ExxonMobil’sMobil Olefins
to Gasoline and Distillate (MOGD) utilize mainly C –C olefin

feeds to produce high-octane gasoline and some distillate-range

E-to-olefins; FID, flame ionization detector; GC, gas chromatography; MtO, methanol-to-olefins;
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FIGURE 1 Process chain for the production of paraffinic fuels from DME through olefin oligomerization (DME = dimethyl ether).
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ydrocarbons [7, 8, 25]. Nevertheless, the increasing demand for
uelwithin the heavy-duty transport sector has shifted the focus of
his process towards the production of sustainable aviation fuels
SAF) and diesel fuel [26, 27]. Recently, Fuchs et al. demonstrated
he successful production of SAF by co-oligomerization of light
lefins, using anMtO surrogate consisting of ethylene, propylene,
nd 1-butylene as the reactant stream. A jet fuel selectivity of 85%
n nickel/Siralox-40 catalysts was achieved [28]. In that study,
owever, the feed composition was restricted to light olefins C2–
4, thereby not fully exploiting the potential impact of higher
lefins on jet and diesel fuel production.

oreover, homo-oligomerization of individual higher olefins
C6+) has been reported for various catalyst systems [29–32].
anati et al. investigated the oligomerization of 1-hexene and 1-
ctene over solid acid catalysts such as H-ZSM-5 and amorphous
ilica–alumina at 200–300◦C in fixed-bed reactors, demonstrating
igh conversions and the formation of C12+ oligomers in the
oiling range of diesel fuel [29]. Sanderson et al. reported a liquid-
hase oligomerization process for individual C6–C12 olefins under
ild conditions, yielding branched oligomers suitable as fuels
nd lubricants [30]. De Klerk examined the oligomerization of 1-
ecene and 1-dodecene over homogeneous Lewis and Brønsted
cid catalysts at 20–150◦C and showed that these feeds can be
onverted to high-viscosity oligomers and paraffins in the range
f middle distillate [31]. These studies highlight that higher 1-
lefins can be efficiently converted to high-quality paraffinic
ydrocarbons suitable for jet or diesel fuel applications, with
avorable cold flow properties and energy densities [29–32].
owever, most of the work deals with either single higher olefins
r relatively simple olefin mixtures and does not reflect the
ompositional complexity of the DtO product mentioned above
15], which contains a mixture of lower and higher olefins,
araffins, and a small amount of aromatics.

ntegrating higher olefins in the oligomerization process is a
romising strategy for increasing the overall SAF and diesel
uel selectivity [33]. Recently, Dubray et al. emphasized the
mportance of feedstocks on the quality of SAF through exper-
mentally derived kinetic modeling [34, 35]. It is reported that
o maximize the SAF range hydrocarbons along with premium
uality, the co-feeding of higher olefins and light olefins like
3–C4 is a very promising solution. Additionally, Kuechler et al.
achieved a selectivity above 40% towards hydrocarbons with a
chain length of ten or more carbon atoms (C10+) by oligomerizing
olefins in the range of C4–C6, along with a recycle stream of
C4–C10 olefins, over ZSM-5 zeolites [36]. Although this work
demonstrates the feasibility of the co-oligomerization of C4–C10
olefins, the influence of specific higher olefins in the feedstock,
such as hexenes and octenes, on product distribution and fuel
properties is not discussed.

In addition to olefin chain length and distribution, real MtO/DtO
product streams contain various non-olefinic components.
Depending on the catalyst and operating conditions, paraffins
and aromatics can be formed as secondary products via hydrogen
transfer and aromatization pathways [2, 3, 11, 13]. These
constituents are expected to affect oligomerization behavior,
for instance by diluting the olefinic reactants or competing for
adsorption sites [21, 22]. Despite their practical relevance, the
influence of such typical impurities on the oligomerization of
DtO-derived olefin mixtures has scarcely been addressed in the
past. Most experimental studies employ olefin feeds without
non-olefinic components, and the potential impact of paraffinic
and aromatic co-feeds on activity, selectivity, and fuel quality is
still not fully understood.

Figure 1 presents the complete process chain considered in
this work, starting from DME, which is converted in a new
DtO process to C3–C11 olefins [15] and continuing with olefin
oligomerization. The resulting mixture containing higher olefins
is subsequently separated into the desired boiling range fractions
and may undergo hydrogenation, yielding paraffinic fuels with
minimal aromatic contents. To the best of our knowledge,
there is no experimental work on the oligomerization of C3–C11
olefin mixtures that explicitly incorporate higher olefins from
an upstream DtO process. The aim of this work is to bridge
this gap by experimentally investigating the oligomerization of
increasingly complex olefin feeds that resemble DtO product
mixtures. The main research topics of this study are

i. Investigating the influence of olefin feed composition on
the oligomerization process by gradually increasing feed
complexity from mixtures of lower olefins to mixtures of
lower and higher olefins.
Chemie Ingenieur Technik, 2026
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FIGURE 2 Simplified flow diagram of the laboratory plant for continuous oligomerization. GC, gas chromatography; MFC, mass flow controller.
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ii. Assessing the effect of typical impurities originating from
DtO processes, by co-feeding the representative model
compounds hexane for paraffins and p-xylene for aromatics.

iii. Evaluating the resulting hydrogenated product fractions
with respect to the relevant jet and diesel fuel standards.

Materials andMethods

.1 Reactor and Experimental Setup

he oligomerization experiments were conducted in a
ontinuously operating laboratory fixed-bed reactor system
Figure 2). A conventional mass flow controller (MFC) was
sed to dose argon (99.999%, Air Liquide) into the reactor.
oreover, three conventional HPLC pumps (Knauer, Flusys)

n combination with Coriolis mass flow meters (Bronkhorst)
ere used to dose propylene and 1-butylene as liquefied gases
nd a mixture of liquid olefins at ambient pressure. The
orresponding propylene and 1-butylene piping was cooled to
revent evaporation. The reactants were fed in a tubular reactor
ith a 16 mm inner diameter made of 316Ti stainless steel.
dditionally, four independent controllable heating zones were
sed to heat the reactor. The reaction pressure was maintained
sing amembrane-based backpressure regulator (Equilibar). The
ynthesized reaction products were cooled down in a condenser
o −5◦C, and the liquid products (C5+) were collected in a vessel.
ncondensed gases (propylene and butylenes) were analyzed
y an online gas chromatograph (GC, Hewlett-Packard 5890)
quipped with an Rt-Alumina BOND/Na2SO4 column (30 m,
.53mm ID, 10 µmfromRestek) and a thermal conductivity detec-
hemie Ingenieur Technik, 2026
tor. The oven programof theGC-TCD system started at 120◦C, and
then the temperature was increased with a ramp of 30◦Cmin−1 to
160◦C.

The commercially available mesoporous catalyst SIRALOX 40
HPV (Sasol), with a Si/Al ratio of 0.67, was used for all exper-
iments. The acid and surface properties of this material were
extensively studied by Betz et al. [19] and Fuchs et al. [28]. Prior
to the experiment, the catalyst was calcined at 550◦C for 5 h.
Afterwards, the catalyst powder was compressed and sieved to
obtain a particle size between 250 and 500 µm. Every experiment
was carried out with 15 g of fresh catalyst. Before filling the
catalyst into the reactor, it was mixed with ten times its volume
of silicon carbide, to enable isothermal operation. Before starting
the experiments, the catalyst was heated at 300◦C for 8 h under a
200 mLN min−1 argon flow.

A mixture of the light olefins propylene (99.5%, Air Liquide) and
1-butylene (99.4%, Air Liquide) was used as a reference mixture
before its complexity was expanded by adding higher olefins such
as 1-hexene (97%, Thermo Scientific) and 1-octene (97%, Thermo
Scientific). Moreover, paraffins and aromatics were mixed to
the feed to assess the influence of impurities from previous
olefin syntheses on the oligomerization process. Hexane (95%,
Fisher Chemicals) and p-xylene (99%, Alfa Aesar) were selected
as the paraffinic and aromatic model components, respectively.
According to the DtO process of Niethammer et al. [15], the feed
contains 1 wt.% aromatics. These low concentrations in aromatics
cannot be detected by the applied analytics. As a consequence,
no p-xylene concentration can bemeasured in the liquid product,
and the influence of p-xylene on the oligomerization process can
only be detected by the change in the product distribution.
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TABLE 1 Detailed feed compositions for the oligomerization experiments.

Olefin composition Total feed composition

Experiment
Propylene
[mol%]

1-Butylene
[mol%]

1-Hexene
[mol%]

1-Octene
[mol%]

Olefins
[wt.%]

Hexane
[wt.%]

p-Xylene
[wt.%]

exp#1 50 50 0 0 100 0 0
exp#2 25 25 30 20 100 0 0
exp#3 25 25 30 20 90 10 0
exp#4 25 25 30 20 90 9 1
exp#5 25 25 30 20 90 9 1
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he complexity of the used feedstock gradually increases from
ower olefins in Experiment 1 (exp#1) to a mixture of higher and
ower olefins, including aromatics and paraffinic impurities, in
xperiment 5 (exp#5). The feed compositions for all experiments
re listed in Table 1.

he experiments were performed applying a weight hourly space
elocity (WHSV) of 2 h−1 and a pressure of 20 bar. Experiments 1–
(exp#1–4) were conducted with a reaction temperature of 120◦C
nd Experiment 5 (exp#5) with a temperature of 160◦C. All exper-
ments were performed for 32 h, and a liquid sample was taken
rom the liquid collected within the first 8 h. Liquid analysis was
erformed on an offline GC (Agilent 6890) using a DB-1 column
60 m, 0.25 mm, 0.5 µm from Agilent) and a flame ionization
etector (FID). The oven programof theGC-FID system started at
1◦C with a hold time of 5 min. Afterwards, the temperature was
ncreased with a ramp of 2◦C min−1 to 125◦C, and then the tem-
erature rampwas increased to 15◦Cmin−1 up to a temperature of
80◦C, which was held for 15 min. The chain length distributions
ere analyzed by separating fractions with up to 12 carbon atoms
nd lumping the remaining hydrocarbons in one C13+ fraction.
ith regard to the feed, 20 vol.% of argon was added as balancing
as. After every experiment, the reactor was depressurized, and
he reaction system was flushed with 200 mLN min−1 argon to
emove the remaining hydrocarbons from the system.

.2 Upgrading of Oligomerization Products

he obtained oligomerization products were upgraded by distilla-
ion and hydrogenation. In a first distillation at ambient pressure,
he middle distillate fraction was separated from the oligomer-
zation product. The condensate, which is generated with a
op vapor temperature below 130◦C, is referred as the gasoline
raction. The bottom product is the middle distillate, which was
ydrogenated in a semi-batch reactor at 30 bar and 80◦C using
5% Pd/C catalyst. The catalyst mass used in the batch autoclave
as 0.75 wt.% of themiddle distillate. The hydrogen consumption
o maintain the reaction pressure of 30 bar was recorded. The
erosene fraction was separated from the hydrogenated middle
istillate at 10 mbar. The condensate, which was produced with
top vapor temperature below 160◦C, is referred as the kerosene
raction. The mass of each fuel fraction was recorded.

he quality of both kerosene fraction and diesel fuel fraction was
valuated bymeasuring the density (Mettler Toledo) aswell as the
istillation behavior (OptiPMD, PAC). The cold flow properties of
the kerosene fractions were measured by ASG Analytik-Service
AG and characterized by the viscosity at −20◦C (ASTM D7042)
and −40◦C (ASTMD7042) and the freezing point (ASTMD5972).
As there is no annex in the ASTMD7566-24d for theMethanol-to-
Jet fuel process route, ASTM D7566-22a Annex 5 (Alcohol-to-Jet
fuel, AtJ) was used for comparison of the kerosene fractions as it
includes similar process steps [25].

For the diesel fuel fraction, the cetane numbers were measured
by ASG Analytik-Service AG (DIN EN 17155). The viscosity of the
diesel fuel fraction was determined at 40◦C (modular compact
rheometer, Anton Paar). The measured fuel parameters were
compared to the DIN EN 590 standard for fossil diesel fuel, DIN
EN 15940 class B for paraffinic diesel fuel, and ISO 8217 DMB
grade, which is often used for benchmarking alternative marine
diesel fuels [37–39].

3 Results and Discussion

3.1 Influence of Feed Composition and
Impurities on the Oligomerization Reaction

The influence of the feedstock, the reaction temperature, and
paraffinic and aromatic impurities on the chain length distri-
bution is shown in Figure 3. Using a mildly acidic catalyst and
relatively low reaction temperatures of 120◦C and 160◦C, the
formation of aromatics is unlikely. Consequently, only olefins
with different chain lengths are synthesized.

For all experiments, a broad range of reaction products can be
observed. A similar trend has been reported by Fuchs et al. for the
co-oligomerization of ethylene, propylene, and 1-butylene. This
observation can be linked to a broad variety of oligomerization
routes, which can occur from a feed including several olefins with
different chain lengths [28].

The feedstock comprising lower olefins (exp#1) favors the for-
mation of oligomerization products with a comparatively short
chain length. This feedstock provides the lowest C13+ fraction of
all experiments but the highest selectivity (Si) for molecules with
chain lengths between 5 and 12 carbon atoms (S5–12) (Table 2). This
trend is especially pronounced in the selectivity for hydrocarbons
with a chain length between 9 and 12 carbon atoms (S9–12), which
belong to the jet fuel range. This means that higher olefins in
the feedstock, as in exp#2, are increasing the share of higher
hydrocarbons (S13+).
Chemie Ingenieur Technik, 2026
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FIGURE 3 The influence of different feedstocks, temperature, paraffinic, and aromatic impurities on the product distribution after 8 h. Reaction
conditions: ptotal = 20 bar,WHSV = 2 h−1.

TABLE 2 Selectivity to different chain lengths.

Experiment
S5–12
[wt.%]

S9–12
[wt.%]

S9+
[wt.%]

S13+
[wt.%]

exp#1 63.4 45.0 81.5 36.5
exp#2 51.8 37.4 85.6 48.2
exp#3 57.8 34.2 74.5 41.9
exp#4 62.0 38.2 76.1 38.0
exp#5 41.3 24.7 83.2 58.5
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he effect of higher olefins on the competitive dimerization of
lefins can be discussed between two poles. If the dimerization
ate of olefins for the single component homo-oligomerization is
egarded, the dimerization rate decreases with increasing chain
ength [40, 41]. On the basis of this observation, it is expected
hat the incorporation of higher olefins should shift the product
istribution towards products with shorter chain lengths due
o decreased reactivity. On the other hand, the chain length of
he dimerization products is increasing with increasing chain
ength of the olefin feedstock. Consequently, the incorporation
f higher olefins enables oligomerization routes, which favor
onger oligomers. Compared to lower olefins, higher olefins
eed fewer oligomerization steps to form hydrocarbons with
he same chain length; for example, a C12 hydrocarbon can be
onsidered a propylene tetramer, a butylene trimer, or a hexene
imer. For the experiments performed in this study, the effect of
ecreased reactivity, due to the incorporation of higher olefins, is
utweighed by the formation of longer reaction products.

he higher olefins increase the diesel fuel fraction of the
ligomerization product. The formation of hydrocarbons in
he diesel fuel range has been reported for 1-hexene and 1-
ctene oligomerization by Klerk et al. using different zeolite and
lumina-silicate catalysts and applying temperatures between
00◦C and 230◦C [31]. However, the usage of higher olefins in the
hemie Ingenieur Technik, 2026
oligomerization process can also lead to hydrocarbons in the jet
fuel range. If the selectivity towards hydrocarbons in the jet fuel
and diesel fuel range (S9+) is regarded, a small increase of 4.1 wt.%
is observed for exp#2.

Analyzing the influence of the impurities in the feedstock reveals
that the presence of hexane as a paraffinic impurity, as well
as the combined addition of hexane and p-xylene as paraffinic
and aromatic impurity, respectively, leads to a reduction in
the C13+ fraction (Table 2, exp#2–4). It is assumed that both
types of impurities act as inert components reducing the olefin
concentration on the catalyst. Therefore, the reaction rate is
decreased, and fewer oligomerization reactions occur, resulting
in a smaller C13+ fraction. This trend is also represented in the
selectivity towards hydrocarbons in the C9+ range.

The reaction temperature has a significant influence on the
product spectrum (exp#5). Exothermic oligomerization is a well-
known reaction being in equilibrium with endothermic cracking
reactions [42]. Le Chatelier’s principle predicts that an increase in
temperature may promote cracking reactions, leading to a shift in
the chain length distribution towards shorter hydrocarbons. The
temperature variation in this work is showing an opposing trend.
If the reaction temperature is raised from 120◦C (exp#4) to 160◦C
(exp#5), selectivity towards the C13+ fraction rises by 10 wt.%.
Accordingly, the oligomerization reaction below 160◦C is not
controlled by thermodynamic equilibrium. Instead, it is governed
by kinetic limitations, which are decreasing with temperature
according to the Arrhenius law. A similar trend was observed
by Coelho et al. studying 1-butylene oligomerization over ZSM-
5 zeolite, observing that cracking reactions rapidly increase for
temperatures above 200◦C [21].

3.2 Evaluation of Fuel Quantity

On the basis of the chain length distributions and selectivities
from Figure 3 and Table 2, a detailed analysis of the fuel quantity
5
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FIGURE 4 Fractionation of the liquid products (C5+) in gasoline (TVapor ≤ 130◦C), kerosene (TVapor ≤ 160◦C at 10 mbar), and diesel fuel
(TVapor > 160◦C at 10 mbar).
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s not possible. Hydrocarbons in the C9+ and C13+ fractions can
elong to the kerosene or diesel fuel fractions. Consequently,
he oligomerization products were analyzed in terms of fuel
uantity by separating them through distillation into a gasoline
TVapor ≤ 130◦C), kerosene (TVapor ≤ 160◦C at 10 mbar), and diesel
uel fraction (TVapor > 160◦Cat 10mbar) and calculating theirmass
ractions (Figure 4). After this separation, further investigations
n the fuel properties of the kerosene and diesel fuel fractions
ere carried out. The quality of the gasoline fraction was not
nalyzed, as it could rather be used as a recycle stream, increasing
he middle distillate fraction of the overall process. According to
heir boiling points, unreacted 1-hexene and 1-octene in exp#2–
are separated into the liquid product, which increases the
asoline fraction while reducing the middle distillate fraction. To
uantify the share of kerosene anddiesel fuel, themiddle distillate
omposition is regarded independently, eliminating the influence
f unreacted 1-hexene and 1-octene. Due to their inertness, the
mpurities in the feedstock are also separated into the fuel
ractions according to their boiling points. Hexane is increasing
he gasoline fraction while p-xylene is increasing the kerosene
raction.

he trends of the S13+ fraction can be seen from the obtained
iesel fuel yield within the middle distillate. If exp#1 and exp#2
re compared in particular, an increase in the diesel fuel yield
an be observed. As already shown in Section 3.1, higher olefins
n the feedstock are promoting longer chain hydrocarbons in the
iesel fuel range. However, the inert components in exp#3 and
xp#4 are decreasing the yield of diesel fuel, as they reduce the
mount of longer chainhydrocarbons (see Section 3.1). In contrast
oC13+ selectivity, a clear trend ofC9–C12 selectivity cannot be seen
rom the kerosene yield.Higher kerosene yields donot necessarily
orrespond to a higher selectivity towards C9–C12 (Table 2).

he diesel fuel fraction significantly increases with the tempera-
ure (exp#5), whereas the shares of the kerosene and the gasoline
ractions decrease. This effect can be attributed to the enhance-
ent of reaction kinetics, promoting the formation of higher
hydrocarbons as discussed in Section 3.1. Finally, it can be con-
cluded that the reaction temperature is themain factor governing
diesel fuel and middle distillate yield, overweighing the influ-
ences of the oligomerization feedstock and impurities in the feed.

3.3 Evaluation of Kerosene Quality

As shown in Section 3.2, the kerosene fraction is the largest
fraction in all experiments. The quality of the kerosene fraction
was assessed by comparison with the ASTM D7566 22a Annex 5
standard for AtJ (Table 3). Density, flash point, freezing point,
viscosity, and the distillation behavior were analyzed as these
parameters strongly correlate with the chain length distributions
of the oligomerization products [43]. Although all the kerosene
fractions, except the fraction from exp#1, comply with the
analyzed standard parameters, differences in the fuel quality can
be observed. The experiments with impurities in the feedstock
(exp#3 and exp#4) yield kerosene fractions with a lower viscosity
than the kerosene fractions obtained from exp#1, exp#2, and
exp#5. The density decreases from exp#1 to exp#2 before it
increases from exp#2 to exp#5. However, no distinct correlation
between chain length distribution and fuel quality could be
observed.

3.4 Evaluation of Diesel Fuel Quality

This work shows that temperature is the main factor governing
the diesel fuel quantity (Section 3.2). On the basis of this, the
quality of the diesel fuel from exp#5, which exhibits the highest
diesel fuel yield, is assessed and compared with the quality of
the diesel fuel from exp#4. The measured values for the diesel
fuel fraction are shown in Table 4. Density, cetane number,
viscosity, and the distillation behavior were analyzed as they
significantly correlate with the chain length distributions [43].
The distillation behavior of both samples shows that the distilled
volumes at 250◦C and 350◦C meet the standards for fossil and
Chemie Ingenieur Technik, 2026

ve C
om

m
ons L

icense



TABLE 3 Comparison of selected kerosene properties to the ASTM D7566 22a Annex 5 standard.

Experiment/Standard

Density Viscosity

at 15◦C Flash point Freezing point at −20◦C at −40◦C T10
a T100

b T90–T10
c

[kg m−3] [◦C] [◦C] [mm2 s−1] [mm2 s−1] [◦C] [◦C] [◦C]

exp#1 776.1 43 <−60 4.7 9.7 171.0 260.0 54.4
exp#2 760.9 43 <−90 6.8 8.8 162.8 241.0 62.6
exp#3 763.5 46 <−90 3.7 7.3 166.2 249.4 63.3
exp#4 766.0 44 <−90 3.7 7.2 165.7 255.4 67.7
exp#5 769.5 51 <−90 4.7 10.1 175.6 250.3 58.1
ASTM D7566 22a
Min. 730 38 — — — — — 21
Max. 770 — −40 8 12 205 300 —

aTemperature at which 10 vol.% is distilled.
bFinal boiling point.
cTemperature difference between T90 and T10.

TABLE 4 Comparison of selected diesel fuel properties to the diesel fuel standards DIN EN 590, DIN EN 15940, and ISO 8217.

Experiment/Standard

Density Viscosity Volume fraction distilled

at 15◦C Cetane number at 40◦C at 250◦C at 350◦C T95
a

[kg m−3] [–] [mm2 s−1] [vol.%] [vol.%] [◦C]

exp#4 828.6 38.2 7.8 0 93.5 356.7
exp#5 826.1 42.1 8.6 0 86.2 373.4

DIN EN 590
Min. 820.0 51 2.0 — 85 —
Max. 845.0 — 4.5 <65 — 360.0

DIN EN 15940 class B
Min. 780.0 51 2.0 — 85 —
Max. 810.0 — 4.5 <65 — 360.0

ISO 8217 DMB grade
Min. — — 2.0 — — —
Max. 900.0 — 11.0 — — —

aTemperature at which 95 vol.% is distilled.

p
d
a
i
1
s
f
a
p
c
d
L
l
t
c
t D7566 22a Annex 5 standard.
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araffinic diesel fuel. The temperature at which 95 vol.% of the
iesel fuel fraction is distilled is too high in the case of exp#5
nd results from a high amount of high boiling components. The
ncrease in higher hydrocarbons due to the temperature rise from
20◦C to 160◦C is also reflected in the distillation behavior as
hown in Section 3.1. The initial boiling point is above 250◦C
or both samples, indicating that no low boiling components
re included. This aspect is strongly linked with other fuel
arameters like density and viscosity. Although the density is
omplying with the standard for fossil diesel fuel and marine
iesel fuel DMB grade, it is too high for paraffinic diesel fuel.
ow-boiling components usually exhibit shorter carbon chain
engths, resulting in lower densities and viscosities. Regarding
he cetane numbers of both samples, the values are too low. The
etane number is strongly influenced by the chain length and
he branching of the molecules, as longer chain lengths and less
hemie Ingenieur Technik, 2026
branching cause high cetane numbers [44]. Consequently, high
cetane numbers are expected as the samples contain no low-
boiling hydrocarbons with short chain lengths. However, as the
measurements show an opposing trend, it is assumed that highly
branched hydrocarbons in the diesel fuel fraction are significantly
decreasing the cetane number, thus outweighing the effect of
chain length.

In general, olefin oligomerization provides a broad variety of
reaction products within the jet and diesel fuel range. As the
chain length ranges for jet and diesel fuels overlap, co-production
of both fuels remains a challenge. In this work, the distillation
cut was set to obtain high kerosene quality. Different distillation
cuts can be investigated in order to improve diesel fuel quality
whilemaintaining kerosene quality in accordancewith theASTM
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Conclusion

he present study shows that the incorporation of higher
lefins into the heterogeneously catalyzed oligomerization of
ight olefins is feasible, increasing the formation of higher hydro-
arbons (C13+). The kerosene fraction was the largest product
raction in all experiments conducted at 120◦C, and many fuel
roperties such as density, flash point, freezing point, viscosity,
nd distillation behavior complied with the ASTM D7566 22a
tandard, highlighting its potential use as SAF. The diesel fuel
roperties did mostly not comply with the DIN EN 590 and
IN EN 15940 class B standards, whereas some parameters met
he requirements of the ISO 8217 DMB grade for marine diesel
uel.

oreover, the influence of paraffinic and aromatic impurities on
ligomerization catalyzed by a SIRALOX 40 catalyst was inves-
igated. Paraffinic and aromatic impurities are inert, reducing
he olefin concentration on the catalyst and thus reducing the
eaction rate. Therefore, fewer oligomerization steps occur on the
atalyst, decreasing the formation of higher hydrocarbons.

he temperature has been identified as the main parameter to
nfluence the product distribution and the fuel share, overweigh-
ng the influence of the feed composition as well as paraffinic
nd aromatic impurities in the feedstock. The increase in reaction
emperature from 120◦C to 160◦C enhanced the C13+ fraction by
0.3 wt.%, thereby increasing the diesel fuel yield from 19 to
0 wt.%.

t can be concluded that the oligomerization of a DtO prod-
ct surrogate comprising lower and higher olefins has been
uccessfully demonstrated. This shows a promising potential to
ouple DME-based olefin synthesis with olefin oligomerization
or the production of hydrocarbon fuels. This pathway seems
o be suitable in particular for the production of SAF, which is
ddressed in ongoing work.

omenclature

ymbols

i olefin with i carbon atoms, −

pressure, bar

i selectivity to i carbon atoms, %

temperature, ◦C

V temperature at which V vol.% is distilled, ◦C

Vapor vapor temperature, ◦C

HSV weight hourly space velocity, h−1
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