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Executive summary

Executive summary (1/8) - Overview

This project is focused on the investigation of properties and engine-oil dilution of drop-in capable partially
regenerative diesel blends including varying shares of fatty acid methyl esters (FAME or biodiesel) and

paraffinic diesel (here: hydrotreated vegetable oil - HVO).
Therefore, the project tested a variety of different fuel blends listed below.

' B10 .~ Diesel R51

Diesel R33
o0 10 % FAME 0 10 % FAME |
: o 7% FAME
0 90 % fossil fuel - 041 % HVO 26 % HVO
049 % fossil fuel 00 70 IV
$ O 0 67 % fossil fuel
B30 - B7 gas station BO fossil
o0 30 % FAME -0 7% FAME fuel as
0 70 % fossil fuel | O 93 % fossil fuel reference

fuel

Project Report i Jakob i Fuel Research
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Executive summary

Executive summary (2/8) i Fuel analysis and aging

The results of the chemical fuel investigations show:

o Ablend of 10 vol% FAME and 41 vol% HVO (called R51) still provides a density } =815 kg/m3 and
therefore fulfills the DIN EN 16734. The R51 is therefore the fuel blend with the highest regenerative
share in the context of this project.

o All tested fuel blends achieve induction times of more than 40 hours in thermo-oxidative aging, which is
significantly longer than required by the standard.

o Furthermore, the aged B10 and R51 are fairly identical regarding the formation of CO absorption bands
within the FTIR spectrum, which shows that the HVO share does not have a visible effect influence
regarding the storage stability.

o However, the aging experiments also show that a diesel R33 shows a lower deposit formation tendency
after 80 hours thermo-oxidative aging compared to a B10 and R51. Therefore, the results can find a
different fuel aging behaviour after extended thermo-oxidative aging.
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Executive summary

Executive summary (3/8) T Fuel and engine-oil analysis

The investigations of the fuel and engine-oil aging interactions are also done at thermo-oxidative conditions.
Here, the fuel-oil samples are applied with a fixed mixing ratio of 20 vol% fuel to 80 vol% engine oll.
Moreover, the tests include a variation of the OW20 engine oil coming from Shell and Castrol.

The results of the fuel and engine-oil aging experiments show:

o All fuel-oil blends show an increase in density and kinematic viscosity over the duration of thermo-
oxidative aging. In contrast, the oils, which are aged without being blended with a fuel are fairly stable
regarding density and kinematic viscosity, which indicates an aging interaction within the fuel-oil blends.

o The comparison between the different fuels shows no major differences between the aging behavior. This
means that the amount of oil aging can be assumed to be similar as long as the amount of oil dilution is
at a comparable level.

o Moreover, the GPC results show a decrease of smaller molecules and an increase of larger molecules
over the duration of aging. However, it needs to be noted that aging apparatus is constantly scavenged
with air. As a result, it is possible that volatile components are leaving the sample over time.

o0 The results of the GCMS allow for a differentiation between the the Shell and Castrol base oil.
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Executive summary

Executive summary (4/8) T Chassis dynamometer tests

The investigations of the emission behavior and the oil dilution behavior of the test fuels are done
with three series production vehicles, which are operated in different testing conditions.

o

Vehicle Ais a non-instrumented 2.0l TDI Passat (FWD) provided by the AGQM
Vehicle B is an instrumented 2.0l TDI Passat (FWD) provided by Volkswagen
o Vehicle C is a non-instrumented 2.0l TDI Passat (AWD) operated by Volkswagen.

o

o

Vehicle A is tested in WLTC emission test cycles with 2 fuels and in short-distance driving with 2 fuels

o Vehicle B is tested in WLTC emission test cycles with 5 fuels and in an artifical oil-dilution test using an
adapted ECU while operating the vehicle in WLTC with 2 fuels.

o Vehicle C is tested in a long-distance driving profile with 2 fuels.
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Executive summary

Executive summary (5/8) i Emissions

The investigations of the emission behavior of the test fuels are done with three series production vehicles,
which are operated in different testing conditions.

The results of the WLTC emission tests show:

o The emission results of vehicle A and vehicle B are very comparable using B10 and R33 with no issues
regarding Euro 6 emissions and no issues regarding CH,O, NH; or N,O. The only noticable difference
between vehicle A and B is that vehicle A achieves good PN emission results and vehicle B achieves very
good PN emission results.

o The emission results of vehicle B with B10, R33, BO, R51 and B30 show that none of the tested fuels
shows issues regarding emissions or operational stability. Vehicle C is tested in a long-distance driving
profile with 2 fuels. Therefore, none of the tested fuels is assumed to be critical regarding Euro 6
emissions. Moreover, none of the tested fuels shows significant emission concentrations regarding
CH,0O, NH; or N,O. It is therefore assumed that the tested fuels are also capable for upcoming Euro 7
legislations.

27.01.2025 CH,0: Formaldehydde, NH;: Ammonia, N,O: Nitrous oxide Project Report i Jakob i Fuel Research © all rights reserved i no passing onto third parties
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Executive summary

Executive summary (6/8) T Engine oil dilution

The investigations of the oil dilution behavior of the test fuels are done with three series production vehicles,
which are operated in different testing conditions.

The results of oil dilution tests show similar levels of oil dilution with slightly indifferent tendencies:

o The oil dilution tests with vehicle A are done in a short-distance driving profile by a nursery service. These
results show that B7 provides a higher total oil dilution than B10 with vehicle A in a short-distance profile.

o The oll dilution tests with vehicle B are done at the chassis dynamometer with adapted ECU. These
results show R33 provides a slightly higher total oil dilution than B10 in these testing conditions.

o The olil dilution tests with vehicle C are done on a long-distance driving profile for 15.000 km each.
These results show that B10 provides a slightly higher total oil dilution than B7 in these conditions.

o The differences between these results can be attributed to two points. Firstly, all three tests are very
different regarding the achievable maximum oil temperature, which can affect the re-evaporation.
Secondly, it is possible that the applied test fuels are different regarding the base fuel properties.

o However, none of the tests shows major differences between the test fuels. And this result is important,
since similar amounts of oil dilution show similar oil aging effects in the chemical experiments.
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Executive summary

Executive summary (7/8) T Thermodynamic engine tests

Finally, the report also includes the results of thermodynamic parameter variations at the heavy-duty engine
applied at Coburg University. Here, the tests include EGR variations with fixed MFB50 and single injection
operation with R33, R51, HVO and B100.

The results of thermodynamic engine tests show:

0 The raw-emission results of R51 are in-between the raw emission results of R33 and HVO. This
verification is important to confirm that the R51 fuel blend provides no unusual emission tendencies.

o In detail, all fuels show increasing PN and CO emissions while decreasing the NOx emission via EGR.

o0 However, increasing EGR also shows beneficial results regarding decreased NH; and N,O emissions as
a result of decreased nitrogen reactions following decreased peak flame temperatures.

o0 Moreover, increased EGR also shows benefits regarding decreased combustion sound levels.

27.01.2025 PN: particle number, CO: Carbon monoxide NH;: Ammonia, N,O: Nitrous oxide Project Report i Jakob i Fuel Research © all rights reserved i no passing onto third parties

EGR: Exhaust gas recirculation, MFB50: center of combustion (50 % conversion)
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Executive summary

Executive summary (8/8)

The results of this research project show that partially regenerative fuel blends such as the R51 provide

major potentials for the defossilization of the existing fleet.

o All tested fuels provide induction times of more than 40 hours.

o All tested fuels show no issues in emission regarding Euro 6, CH,O, NH; or N,O.

o All tests show that the oil dilution tendencies of B7 and B10 fuel blends are on a similar level.

o And the chemical results show that the oil-fuel aging interactions are on a similar level as long as the oll
dilution tendency is on a similar level as well.

o0 As aresult, B10 and R51 are very promising fuel blends that contain an increased proportion of
regenerative fuels.
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Project motivation

Annual diesel-car registrations in Germany

1.500.000
1.000.000
500.000
0

O

Imagesource: https://de.statista.com/statistik/daten/studie/184465/umfrage/zugelassene-diesel-pkw-in-deutschland/ Date:18.03.2024
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Explanation:

Germany has a decreasing
number in diesel-car registrations

Technical potential;

The spare biodiesel share could be
used for improved decarbonization
of diesel engine vehicles by
applying a B10, B30 or R50*

Technical question:

Which effects could appear with
increased biodiesel shares on
vehicle emissions, engine oil aging
and short distance driving?
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The project data includes 4 technical parts
w COBURE a) Fuel and oil samples are chemically analyzed

b) Fuels are tested on thermodynamic test-bench
c) Emission test-cycles are done in Coburg

Fuel research at Coburg University d) Real-life testing is done by VW and AGQM
> 4 > @ > > >
Chemical  Sensor Multi-cylinder Vehicle Real-life Fuel
laboratories development | engine testing = dynamometer testdriving = fleet testing
0 )
d :
< O
S, I =
7 8
O | 2]
g i 3
m HSCO VW, AGQM
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Methods and Materials T Test car: Vehicle A
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Description

Vehicle lllustration
dynamometer 0 Transmission: DQ381 (DSG/FWD)

o0 Emissioning: Euro 6d (EA288 EVO)
o Engine: 2.0l TDI SCR

0 400 Nm @ 1750 - 3500 rpm
o 147 kW @ 3500 - 4000 rpm

o Certified consumption:
0 4,71/100 km
0 124 g/km

0 Used in task C and task E

27.01.2025 Data source: VW configurator

Project Report i Jakob i Fuel Research
Date: 28.06.2024
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Methods and Materials T Test car: Vehicle B
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Description

Vehicle lllustration
dynamometer 0 Transmission: DQ381 (DSG/FWD)

Emissioning: Euro 6d (EA288 EVO)
Engine: 2.0l TDI SCR

0 400 Nm @ 1750 - 3500 rpm
o 147 kW @ 3500 - 4000 rpm

o Certified consumption:
0 4,71/100 km
0 124 g/km

0 Used in task C and task D

27.01.2025 Data source: VW configurator
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Date: 28.06.2024
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Methods and Materials T Test car: Vehicle C
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Description

Vehicle lllustration
dynamometer 0 Transmission: DQ381 (DSG/4WD)

o0 Emissioning: Euro 6d (EA288 EVO)
o Engine: 2.0l TDI SCR

0 400 Nm @ 1750 - 3500 rpm
o 147 kW @ 3500 - 4000 rpm

o Certified consumption:
o 4,71/100 km
0 124 g/km

o Usedintask E

27.01.2025 Data source: VW configurator
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Date: 28.06.2024
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Methods and Materials i Test conditions

¢

Vehicle lllustration
dynamometer

27.01.2025

> >

0)

Project Report i Jakob i Fuel Research

Description

The tests of task C and Task D are done
at the vehicle chassis dynamometer at
Coburg University using the WLTC
driving profile.

The emission tests (Task C) are started
with a cold powertrain at T;, = 21.5 °C
with one test per day.

The oil dilution tests (Task D) are started
with cold powertrain at at T, = 21.5 °C
but with four tests per day with dwell
times of 10 minutes each.

© all rights reserved i no passing onto third parties
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Framework conditions

Fuel selection

BO fossil Diesel R33

fuel as o7 % FAME
reference 026 % HVO

fuel 0 67 % fossil fuel
B10 Diesel R51
010 % FAME - 010 % FAME

0 90 % fossil fuel 041 % HVO

. 049 % fossil fuel

B30
o0 30 % FAME
0 70 9% fossil fuel

B7 gas station
07 % FAME
0 93 % fossil fuel

27.01.2025 FAME: fatty acid methyl ester Project Report i Jakobi Fuel Research

HVO: hydrotreated vegetable oil

Vehicle selection

Midclass 1

TDI 2,0 L; 145 kW
w/ DPF and SCR

(un-instrumented)

Midclass 1 (C1)
TDI 2,0 L; 145 kW
w/ DPF and SCR
(instrumented)

*same car w/
adapted ECU

One series production
vehicles
(un-instrumented)
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Framework conditions

Chemical Vehicle Short-distance Conventional
laboratory dynamometer driving (nursing) |distance driving

—
£ A | Y —~
i \
ety
P i

27.01.2025 *adapted ECU Project Report i Jakobi Fuel Research
g.S.: gas station
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Chemical Vehicle Short-distance ~ Conventional

ical
laboratory \
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Task A2: Determine R50+ in density
lllustration Description
830 0 The R50 consists of

825 10 vol% FAME
820 40 vol% HVO
815 . —-R30 50 vol% Diesel fuel

TE_ \ R40
5 810 < R50 o The R50 provides a
P 805 REO density of 815.7 kg/m3
£ 800 - atT=15°C
e —--R70
Q 795

290 —--R80 0 In EN 16734 the lower

limit for density for a
B10 is 815,0 kg/m3
780 at T =15°C.

10 15 20 25 30 35 40 45

Temperatur/ °C

785 —Norm limit

27.01.2025 FAME: fatty acid methyl ester Project Report i Jakob i Fuel Research © all rights reserved i no passing onto third parties
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Task A2: Determine R50+ in density
lllustration Description
820 o Composition of a R50*
819 diesel fuel blend with
‘e 10 vol% FAME and a
"‘_@ 818 maximized regenerative
— 817 content of HVO
© 816 816 8159
= 816 815,5 815,5 8156 815 815,1 815,1 0 Maintaining the density
T 815 of 815 kg/m? given in
2 EN 16734
g) 814
] 813 A R52 would be
812 borderline regarding

()'\\,\ Qﬂ‘l Q’Q‘b ’\,\\'\ \’\ﬂ, ,\’\\’b f);\\,\ . K{2 . KE density limits
QSD Qb QSD Qb QSD QSD QSD QSD QSD A R51 will be used
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Chnm ical Vehicle Short-distance ~ Conventional

w HOCHSCHULE wn BEEEE
COBURG o,
.
Gy,
R, EF
Task A2: Determine R50+ Iin viscosity
lllustration Description
9,9 The R50 consists of

10 vol% FAME

40 vol% HVO
50 vol% Diesel fuel
The R51 consists of
10 vol% FAME
41 vol% HVO
49 vol% Diesel fuel
The R52 consists of
10 vol% FAME
42 vol% HVO

N NP

N'\ '\\'L NE 48 vol% Diesel fuel
Qf.)\ Qf.)

Viscosity at 40 °C / mm?/s
N W A~ A~ O
&) o (&) () &) o

N
o

; I

'5
5 ?fo ?fa Q5 @‘D'L &Y @8
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Task A3: Aging of fuels regarding phase separation

lllustration Description

0 Aged fuels in task A3:
R40, R45, R50, R51 and R61 (with constant
Biodiesel content of 10 vol%)

\\‘v’}'"’ \
; I//[’ o Parallel setup in two separate oil baths and two
separate heating plates
o Samples1li 5(R4071T R61)
are in the left oil bath
o Samples 671 10 (R4071 R61)
are in the right oil bath

o Aging at 110 °C with 300 ml/min air supply (non
dried) for 80 hours.

27.01.2025 Project Report i Jakob i Fuel Research © all rights reserved i no passing onto third parties
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Task A3: Aging of fuels regarding phase separation

lllustration Description

o Each gas washing bottle has its own pump,
which ensures a constant flow of air.

o Athermometer in each oil bath ensures a
temperature check.

o Intervals of 10 hours each day with overnight
resting periods for formation of sediments.

o Sampling of each aging level (20 h, 40 h, 60 h
and 80 h) with a volume of 5 ml for analysis.

27.01.2025 Project Report i Jakob i Fuel Research © all rights reserved i no passing onto third parties
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Task A3: Visual inspection of the samples

lllustration

40 h

R4o

3 4

A

a )

e A 3 4
|R4O R45 R50 R51
L——— e e

|
¥
__bi——lb

80 h

1  2‘ ER TR 5

R45 R50 R51 R61 R4O

5

R50 R51 R61 R40 R45

N i S i
-— e

R61

R R W

'R45| R0 R51 | R61
ol
6 W _{(mB _me W
R50 R51|/R61
W
4 tgb

~
i 6 7 8 9 10
R40 R45 R50 R51 R61

Y W G— 'r—_‘

—

- ---‘_J
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laboratory

- o
6o, EEFFE

Jcargyy,

A, {3
Description

After 40 h of aging, sample 8
and 9 show a pale decoloring
and all samples show no
deposit formation

After 60 h of aging, sample 2,
8 and 9 show a dark color
and almost all fuels show a
slight precipitation.

After 80 h of aging, sample 5
shows the least decoloring
and the least deposit
formation.

rights reserved i no passing onto third parties
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Vehicle Short-distance = Conventional
dynamometer driving (nursing) distance driving

CO st T
. B
. {3
Task A3: Viscosity of the samples
lllustration Description
5,4 o Decreased viscosity increase
52 R0 (lem) in the period between 20 to
SEE +7 =-+-RA0(right) 40 h of aging
S 46 R4S (et IR
fi 44 _ ;- -R45 (right) o Early mcrealse |an|sc05|ty of
2 42 some samples after -
QX 40 ——RS50 (left) exceeding 40 h of aging
o g
2 g 38 -«-R50 (right)
o 36 _«R51 (left) 0 Increasing viscosity for all
T 34 _ samples after exceeding 60 h
£ 32 -+-R31 (right) of aging
s 3’3 ——R61 (left) |
2:6 -<-R61 (right) 0 One of the R61 samples with

the lowest increase Iin

0 20 40 60 80 viscosity after 80 h aging

Aging time/ h
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Task A3: Density of the samples
lllustration Description

860 R4 (left)  © Early increase in density of

855 _ some samples after

850 -*-R40 (right) exceeding 40 h of aging
845 ——RA45 (left)
% 840 -«-R45 (right) 0 Increasing density for all
= 835 —«R50 (left) samples after exceeding
O 830 _ 60 h of aging
EO 825 == R50 (I'Ight)
% 890 ——R51 (left) o One R61 sample still below
2 815 - «-R51 (right) the density limit of EN 16734
= :
2 810 —+R61 (left) after 60 h of aging
0 805 -«-R61 (right)

800 —Norm limit

0 20 40 60 80
Aging time/ h
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Task A4: View of the real apparatus for fuel oil aging

lHlustration

27.01.2025

Description

The tests on task A4 are planned to be done
with 20 vol% fuel and 80 vol% common light
engine oil.

Aged fuels in task A4
R33, B10, R51 and B30

Engine oils in task A4:
o Shell oil 0-W-20
o Castrol oil 0-W-20

Aging at 170 °C with 300 ml/min air supply
(non dried) for 80 hours.

Project Report i Jakob i Fuel Research
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Task A4: Visual inspection of the samples (Shell oil)

lllustration

oh Tig) "7 TER 7R TG 16 17 18 19 20

20 h

B10 R33 B30 R51 w/o B10 R33 B30 R51 w/o

27.01.2025 Project Report i Jakob i Fuel Research

BF

Description

o With no aging, the samples
without fuel (15 and 20) show
a slightly darker color than the
samples mixed with fuel

o After 20 h of aging, all
samples show a dark color
and no signs of deposit
formation

© all rights reserved i no passing onto third parties
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Task A4: Visual inspection of the samples (Shell oil)
lllustration Description
'B10 R33 B30 R51 wio| B10 R33 B30 R51| wio o The samples 5 and 10, which
. 5 L = only consist of oil show the
40 h ‘ — , i least darkening and no signs
!_ - : .s:! of deposit formation after
—— e 40, 60 and 80 hours of
BI0 R33 B30 R51 wio |B10 R33 B30 R51| wio e
. ,. o0 The fuel-oil mixtures show
60 ! similar color changes and no
signs of deposit formation
B10 R33 B30 R51|wio |B10 R33 B30 R51| wlo
. |1 I'!jl!ﬂ!!
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Task A4: Viscosity of the samples (Shell oil)

lllustration

44 ——S-01 + B10 (left)

40 -«-S-0l + B10 (right)
% O = T . 501+ B30 (left)
g 36 -+-S-0l + B30 (right)
O — -0l + R33 (left)
5 32 "
3 ~+-S-01 + R33 (right)
-‘g 28 ——S-0l + R51 (left)
3 -+-S-0Ol + R51 (right)
Rl —5-0Ol pure (left)
< o0 ~+-S-0l pure (right)

0 20 40 60 80
Aging time/h
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Vehicle Short-distance = Conventional
dynamometer driving (nursing) distance driving

© all rights reserved i no
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Description

The oi l I t sel f

significant changes regarding
ViSCOosity.

The oil-fuel mixtures show an
Increase in viscosity over
time, which needs to be
correlated with fuel-oil aging
interactions.

The difference between
sampl-6l+Aa®51 (|
nOI+ R51 (right
consistent over time.

passing onto third parties




Vehicle Short-distance = Conventional
dynamometer driving (nursing) distance driving

CO st =
8, BERE
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Task A4: Density of the samples (Shell oil)
lllustration Description
842 +S-O|+B10(|eﬁ) o The oi | I t sel f
y , significant changes regarding
] 840 — 2---S-01+B10 (right) sy,
EBI | - 5-01 + B30 (left)
< 836 e 4 +_S-O + B30 (righty © The oil-fuel mixtures show an
O 834 T = - 9 increase in density over time,
% - __—S-01+R33 (left) which needs to be correlated
% 832 - «-S-0l + R33 (right) with fuel-oil aging
% 830 eSOl + R51 (left) Interactions.
é% 828 -+-S-0Ol + R51 (right)
826 ——S-0l pure (left)
824 - «-S-Ol pure (right
0 20 40 60 80 (ght)

Aging time/h
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Task A4: Visual inspection of the samples (Castrol oil)
lllustration Description
B10 R33 B30 R51|wo |B10 R33 B30 R51 wio 0 The samples 5 and 10, which
e only consist of oil show the
40 h least darkening and no signs
— —r , , - of deposit formation after
e e e S e o S 40, 60 and 80 hours of

B10 R33 B30 R51|wio | B0 R33 B30 R5lL wio aging
| o0 The fuel-oil mixtures show

, similar color changes and no
Q_ !!A gg g ggg signs of deposit formation
B10 R33 BSO ‘R51 wio| B10 R33 B3O R51 w/oi
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Vehicle Short-distance = Conventional
dynamometer driving (nursing) distance driving
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Task A4: Viscosity of the samples (Castrol oil)
lllustration Description

0 The viscosity increases with

——C-0Ol + B10 (left) advanced aging time.

-+-C-0Ol + B10 (right)
——C-Ol + B30 (left) o In the first 20 hours of aging a
-+-C-0l + B30 (right) significant increase in

A viscosity of the oil/fuel
C'C__)l IR ) mixtures can be detected.
-+-C-0Il + R33 (right)

——C-0Ol + R51 (left) = o After the first 20 hours, the

-+-C-0l + R51 (right) increase of viscosity slows
. down.

——C-Ol pure (left)

-«-C-Ol pure (right)

0 20 40 60 80
Aging time/h

Kin.viscosity 40°C / mm?/s
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Task A4: Density of the samples (Castrol oil)
lllustration Description
850 —eC-Ol + B10 (left) o The density incregses with
_____ : .. _ advanced aging time.
848 - -«-C-0l + B10 (right)
Ees6 - +——C-Ol + B30 (left)y o The pure Castrol oil (yellow
e | £ T -«-C-Ol + B30 (right) lines) shows a constant
G 844 % C-Ol + R33 (left) density up to an aging time of
o 842 —t . _ 42 hours.
- -+-C-0l + R33 (right)
i 840 ——C-0Ol + R51 (left)
"%’ 838 -+-C-0l + R51 (right
0 g3g —-—C-(?I pure (I?ﬂ)
-+ -C-Ol pure (right)
834

0 20 40 60 80
Aging time/h
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Task A4: Framework of sediment validation

lHlustration

Description

0)

0)
0)
0)

o Task A3 includes the adapted tests

Fuels: R33, B10, R51
Durations: 20, 40, 60, 80, 100 h
Temperature: 110 AC
Air volume flow: 10 Liters/hours
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Agenda:

Executive summary
Theoretical introduction
Methods and Materials

Experimental results >
o Task A: Chemical analysis of fuels and oils>
0 Mixture determinations

Aging experiments \
FTIR analysis >

GPC analysis
GCMS analysis

\

o Task B: Reception of test vehicles l‘ H
o Task C: WLTC emission testing
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Chemical Vehicle Short-distance ~ Conventional

laboratory \
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£ BE
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Task A4: FTIR spectrum of B10 from barrel (w/o sediments)
lllustration Description
0,25 0 The FTIR spectrum shows a
—B10-B Oh carbonyl bond between
0.20 —B10-B 20h 1600 cm1 and 1900 cmL.
’ B10-B 40h
—B10-B 60h o In the carbonyl area, the
0,15 :E:}g'g ?8gh esters of fresh fuel are
S - detected.
S 0,10
;;-% o Carbonyl compounds are
L formed during aging and are
0,05 also detected in this area.

0,00 K“‘ -

3600 3100 2600 2100 1600 1100 600
Wave number [cm-T]

27.01.2025 Project Report i Jakob i Fuel Research © all rights reserved i no passing onto third parties




HOCHSCHULE we  BEEEE
wcosune s, EE EE
= Bt
iGargyy,
pr:

BF
Task A4: Zoom in the carbonyl area of B10 from barrel (w/o sediments)
lllustration Description
0,05 0 The fuel B10 from barrel is
—B10-B Oh stable up to an aging time of
—B10-B 20h 40 hours and shows little
0,04 B10-B 40h -
) changes in the carbonyl area.
—B10-B 60h
0,03 —B10-B 80h o From an aging time of 60
_5 —B10-B 100h hours, band broadening and
© the formation of shoulders
c 0,02 .
2 can be seen, which can be
L attributed to the formation of
0,01 aging products.
0,00 =====—==== ~

1900 1850 1800 1750 1700 1650 1600
Wave number [cm-]
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Chemical
labor:

il
rat(

Vehicle Short-di

|l istance ~ Conventional
ory | dynamometer

driving (nursing) distance driving

. EE

i, BE EE
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Task A4: Zoom in the carbonyl area of B10 from barrel (w/ sediments)

lllustration
0.20
__B10-B Oh
—_B10-B 20h N
B10-B 40h N
015 _ B10.B 60N '
——B10-B 80h | \
c ——B10-B 100h : \
S 010 B10-B 80h Sediment ! \
2 — —B10-B 100h Sediment \
: , \
0,05 44 §§
AN -
xX~_~
0,00 ======—o - ——— e
1900 1850 1800 1750 1700 1650 1600

Wave number [cm-1]

27.01.2025

Project Report i Jakob i Fuel Research

Description

o After 80 and 100 hours of
aging, sediments are formed.

o The sediments show a
carbonyl vibration with an
extinction almost four times
higher than that of the liquid
phase.

0 The area below the carbonyl

bond can be integrated for
better comparability.

© all rights reserved i

no passing onto third parties
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Vehicle Short-distance = Conventional
dynamometer driving (nursing) distance driving

Task A4: Integral of carbonyl vibrations of B10 aging from barrel

lllustration
c 16,0
O
T~ 14,0
gt
5o 100
1§ 80
02
5o 0.0
58 40 2.01
g: 20 0,79 1,04 0,86 -
= 0,0 . ] Ea
\N N Q¢ Q¢
b P Be 6
%'\0 6\0'% %\0’% 6\0’% 6\0’%

27.01.2025
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8o, EE EB

. EERFE

Low®y,, [ ]

R, BF
Description

The integral shows the same
values up to an aging time of
40 hours.

After an aging period of 60
hours, the integral of the
carbonyls increases.

The area of 80 and 100 hours
has continued to increase.

The sediments from the 80
and 100 hour aging show an
area that is almost fife times
larger.

reserved i no passing onto third parties
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Task A4: FTIR spectrum of R33 from barrel
lllustration Description
0,25 o0 The FTIR spectrum shows a
—R33-B Oh carbonyl bond between
0.20 —R33-B 20h 1600 cmt and 1900 cm™L,
’ R33-B 40h
:Egg:g ggﬂ o Inthe carbonyl area, the
0,15 esters of fresh fuel are
detected.

0,10
o Carbonyl compounds are

formed during aging and are
0,05 also detected in this area.

. N

3600 3100 2600 2100 1600 1100 600
Wave number [cm-]

Extinction

0,00
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Task A4: Zoom in the carbonyl area of R33 from barrel
lllustration Description
0,05 o0 The fuel R33 from barrel is
—R33-B Oh stable up to an aging period
— RS2l £60 h d shows litt
—R33-B 60h changes in the carbonyl area.
—R33-B 80h
0,03 —R33-B 100h o From an aging time of 80
_5 hours, band broadening and
© the formation of shoulders
c 0,02 .
g can be seen, which can be
L attributed to the formation of
0,01 aging products.
0,00 = = haatss

1900 1850 1800 1750 1700 1650 1600
Wave number [cm-1]

27.01.2025 Project Report i Jakob i Fuel Research © all rights reserved i no passing onto third parties




Vehicle Short-distance = Conventional
dynamometer driving (nursing) distance driving
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Task A4: Integral of carbonyl vibrations of R33 aging from barrel
lllustration Description
16,0 o The integral shows the same
14.0 values up to an aging time of
S ’ 80 hours.
®~ 12,0
Z c 10.0 o After an aging period of 100
do hours, the integral of the
I S 8,0 carbonyls increases.
c—c; % 2 o That the precipitates are not
’;:J): 4,0 deposited in the R33 from the
= drum might be attributed to
! 0,62 0,54 059 0,72 87 - the additives.
00  Imm - i ] ]
8O0 200 AQQ o0 200 AQO0
RIFT T d® T p® T BT 0y ® > ®
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Task A4: FTIR spectrum of self mixed R51 (w/o sediments)
lllustration Description
0,25 o0 The FTIR spectrum shows a
_Eglg ggh carbonyl bond between
- - -1 -1
0,20 R51-S 40h 1600 cmt and 1900 cm™.
:Eg;lg 382 o In the carbonyl area, the
0,15 esters of fresh fuel are
_5 detected.
©
0,10
% o Carbonyl compounds are
L formed during aging and are
0,05 also detected in this area.
0,00 . — k -~ A\S

3600 3100 2600 2100 1600 1100 600
Wave number [cm-]
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Task A4: Zoom in the carbonyl area of self mixed R51 (w/o sediments)
lllustration Description
0,05 0 The self mixed fuel R51 is
—RS51-S Oh stable up to an aging period
—R91-S 20N of 40 hours and shows little
0,04 R51-S 40h :
—R51-S 60h changes in the carbonyl area.
—R51-S 80h A
0,03 —R51-S 100h o From an aging time of 60

S hours, band broadening and
'§ 0.02 the formation of shoulders
g ’ can be seen, which can be
L attributed to the formation of
0,01 aging products.
0’00 _ ~— —— T - —— |

1900 1850 1800 1750 1700 1650 1600
Wave number [cm-]
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