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Task/Subtask Overview TAT

NSCENT
Research Question :

What oxygenated compounds are present in the AJFs under consideration
by the FAA and industry and what could be their impact?

What are we doing?

ldentifying and quantifying oxygenated compounds left in Alternative Jet
Fuels (AJF) under ASTM certification. Evaluation of potential impact of
these compounds on jet fuel properties .

Expected result?

The nature and the content of oxygenated compounds in AJF. A better
understanding of the effect of these compounds on jet fuel properties.

Impact?

Guide the stakeholders on the development of new methods to identify and
guantify these compounds and on the improvement of hydro-treatment
processes to avoid the presence of undesirable oxygenated compounds in
alternative jet fuels.
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Task/Subtask Overview -
Tasks
1. AJF samples collection (From AFRL and UW)

v

2. |dentification of the nature and quantity of residual
oxygenated compounds in AJFs

v

3. Preparation of surrogate blends and evaluation of the
five most important oxygenated compounds identified
on fuel properties

v

4, Determination of lean blow out limit, NOx and sooting

threshold




Task/Subtask Overview TAT
- ASCENT
AJF samples collection (WSU -UW) o

Profs. Kramlich and Malte will ship WSU: 200 mis of the
following AJFs: (1) Gevo, (2) FT coal, (3) FT methane, (4)
HEFA Tallow and (5) HEFA Camelina (6) JP5 (7) JP8.

Dr. Tim Edwards from the Air Force Research Laboratory
(AFRL) shipped WSU 200 mis of the following AJFs: (8) Gevo
(9) Amyris Renewable Diesel, (10) ReadiJdet (ARA Jet), (11)
HEFA Camelina and (12) HDCJ from Kior and (13) 10
gallons of Shell Commercial jet fuel.

Mr. Brice Dally (R&D Manager Virent) very kindly shipped 200
mL of the following AJFs for analysis: (14) Synthetic kerosene
(SK) and (15) Synthetic Aromatic Kerosene (SAK)




Fuel Samples

Company
Virent
Kior
Gevo
Amyris
ARA
UOP
Sasol

Syntroleum
TOTAL SAMPLES

Alternative JF
SK and SAK
Hydrotreated Kerosene
Gevo Jet Blend Stockm (2)
Farnesane
ReadiJet (JetA)
Camelina (2) and Tallow
FT - Coal

FT - Methane
12

Company
Shell
Valero
NuStar
TOTAL SAMPLES

Comercial JF
Jet A (Civil Jet Fuel)
JP-5 (Military Jet Fuel)
JP-8 (Military Jet Fuel)
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Hydrocarbon distribution N the “/N\=
Alternative Jet Fuels (GC/MS) ASCENT
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\ 4 A\ 4
.. \___/ A ____4
Composition Y A \f
Overall Composition Elemental Composition
Fuel n-paraffin  Iso-paraffin Olefin Naphthene  Aromatic 100 -
95
AJF1 - 0.21 4.14 33.28 59.22 90 |
85 A
AJF2 - 96.88 0.19 1.40 - 80 -
.; 757 ® Hydrogen
AJF3 39.05 6.97 7.07 31.00 12.99 70 -  Carbon
65
AJF4 - 99.77 - 0.23 - 60 -
55 A
AJF5 8.71 89.74 0.11 0.94 - L
0500822322332 55%
AJF6 13.93 13.22 21.11 51.74 - *
AJF7 - 0.10 0.23 - 99.68 ‘ W C
ater Content
AJF8 - 88.93 10.12 0.79 0.16 160.00
140.00 -
AJF9 - 99.32 0.12 0.24 -
120.00 +
AJF10 11.71 86.96 0.11 1.21 - £ 10000 -
AJF11 11.67 87.49 0.12 0.48 - E
g 60.00
AJF12 - 99.77 - 0.23 - =
40.00 1
CJF1 26.73 36.53 1.96 11.66 23.12 20,00 -
0.00 -
CJF2 35.81 42.13 8.67 9.03 4.36 e R B S A - - B
868222222222553
CJF3 - 77.66 0.32 5.81 15.59 *

Maximum of Aromatics: 25 vol. %




Fuel Properties

Density (15 °C)
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AVIATION SUSTAINABILITY CENTER
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Water solubility at 0 °C

Flash Point
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20.00
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0.00

CJF1
CJF2
CJF3

AJF 1

AJF 2

AJF3

AJF 4

AJF 5

AJF 6

AJF7

AJF 8

AJF 9

AJF 10

AJF11

AJF 12

100.00 -
90.00 -|
80.00 -
70.00
60.00
50.00
4000

Flash Point (°C)

30.00 -
20.00

CJF1
CJF2
CJF3

AJF1
AJF2
AJF3
AJF4
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AJF8
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AJF 10
AJF11
AJF 12




Fuel Properties

Cold Flow properties (by DSC) and heating value

Jet Fuel

CJF1
CJF 2
CJF3
AJF 1
AJF 2
AJF 3
AJF 4
AJF 5
AJF 6
AJF 7
AJF 8
AJF 9
AJF 10
AJF 11
AJF 12

Cloud Point (°C)

<-80

Pour Point (°C)

-57

-62

-60
<-80
<-80

<-80
-68
<-80
<-80
<-80
-63
-83
-70
<-80

HHV/(kJ/g)

46.13
44.53
46.13
44.27
47.14
46.17
47.23
47.23
41.31
43.25
47.12
46.18
46.80
47.26
47.22

Lower Freezing point: Jet A (-40 °C), Jet A-1 (-47 °C):

LHV (kJ/g)

43.63
42.03
43.36
42.19
44.48
43.64
44.28
44.44
38.52
41.21
44.16
43.23
43.92
44.45
44.32
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Content of Polar Molecules In AJFs

Oxygenated molecules identified in AJFs (mg/q)

ASCENT

AVIATION SUSTA

Oxygenated molecules in CJFs (mg/qg)

NABILITY

CENTER

AJF1 AJF2 AJF3  AJF4  AJF5 AJF7  AJF8 AJF10 AJF11 AJF 1: CJF2 CJF3
_ _ _ _ _ _ _ Ethanol, 2(2-methoxyethoxy) 4.0996 6.8271
m;ﬁ :i;g?rrr:i’tf?yl- NIS 0.008  N/S N/S 1-Hexanol, 2ethyk - 0.0237
2 5dimethyk2-hexanal - - - o018 - - - - - 0.01¢ 3,4-dimethykphenol 0.0033 -
— ' ' Phenol, 2,3,8rimethyk 0.0308 -
3,4’d|methyl'3'hexan0| - - - 0.04 - - - - - 0.04 Phenoly g(l_methylethyl), 0.0020 -
3-Pentanol, 2,34 - - - 0.004 - - - - - 0.04 Phenol, 3,4 8rimethyt 0.0456 -
trimethyk Phenol, 4(1-methylethyl}, 0.0038 -
3-Hexanol, 5methy} - - - 0.012 - - - - - 0.012 .
2,4,4Trimethy+1- - - - 0004 - - - - - 0.004 Total Acid Number
pentanol Jet Fuel TAN (mg KOH/g fuel)
Ethanol, 2(2- - - - - 1.2%8 - 203 03% 0.311 - CJF1 0.010
methoxyethoxy) CJF2 0
Ethanol, 2(2- - - - - - - 0.074 - - - CJF3 0
ethoxyethoxy) AJF1 0.021
Phenol - - 004 - - - ; - - - AJF 2 0.005
Cyclohexanesthanol - 0.0% - - - - - - - - AJE 4 0.004
Phenol, 2methyl(o- 0.64% - 0.329 - - - - - - - AJF5 0.016
cresol) AJF 6 0
Phenol, 2,&dimethyk - - 0.160 - - - - - - - ﬁj:z ; g-ggg
Phenol, 2,4imethyt 0.207 - - - - - - - - - AJE 9 0:010
1-Pentanol, 2,24 - - - 0.014 - - - - - 0.014 AJF 10 0.010
trimethyk AJF 11 0.010
1-Hexanol, 4methy} - 0.0 - - - - - - - - AJF 12 0.016
Phenol, 4methyk(p- 0.071 - - - - - - - -
Cresol) Carbonyl Content
Phenol, 2ethyk 0.197 - 0.146 - - - - - - - Jet Fuel CO (ug/g)
3,4dimethytphenol 0525 - 0127 - - 000 - - - - ng ; 1331
Phenol, 2,4,8rimethyl 0.106 - - - - - - - - - CIF3 0.98
Phenol, 2propyl 0.227 - 0.120 - - - - - - - AJF1 1.82
Phenol, 3,4 8rimethy  0.19 - - - - - - - - - ﬁji g ;ig
:'r' g:'ﬁgﬁ;ﬁol 0200 - - - - - - - - - AJF 4 0.38
AJF 5 0.27
Phenol, 4butyl- - - 0.2 - - - - - - - AJF 6 0.37
Phenol, 4pentyt - - 0.374 - - - - - - - AJF7 5.73
AJF 8 0.60
AJF 9 0.60
AJF 10 0.64
AJF 11 0.65
AJF 12 0.00
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Molecules Chosen to Prepare Surrogate ?A?

Blends

OH
Phenol

OH

2-methyl Phenol

Ethanol, 2-methoxy-ethoxy

/O\/\O/\/OH

These molecules were
selected based on the
oxygenated compounds
founded in the fuels (SPE
i GC/MS).
Ethanol, 2-methoxy-ethoxy
IS the most commom
oxygenated compound in
the jet fuels. | t commonly
used as a Fuel System
Icing Inhibitor in jet fuels

Prepare surrogate blends containing 0.01, 0.1, 1.0, 2.0 and 5.0
wt. % of the standard oxygenated compounds in a commercial

jet fuel
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Effect of oxygenated compounds on = A
viscosity of Jet Fuel ASCENT

0.8 7 0.8 -
2-methylphenol Phenol
0.7 - W 0.7 -
m
0.6 - 8 0.6 - "
> ©0.01% 0> 1 ©0.01%
= 5
__Z, 0.4 - ‘ m0.10% 1 0.4 ~ ¥ m0.10%
0.3 % 03 - 1%
2% 2%
I e 024 N
0.2 5% 5%
0.1 0.1 1
o 0 ‘ . . . . . . ‘
0.0031 0.00315 0.0032 0.00325 0.0033 0.00335 0.0034 0.00345 0.0035 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335 0.0034 0.00345 0.0035
1/T (KA-1) 1/T (K~-1)
0.8

Ethanol 2-(2-methoxyethoxy)

. The viscosity of the fuels

| .
505 | <« | |Showed did not change
£ n » | |much with the increase of

2%

2f oxygenated compound
concentration.

0

T T T T T T T 1
0.0031 0.00315 0.0032 0.00325 0.0033 0.00335 0.0034 0.00345 0.0035
1T (K1)
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Effect of oxygenated compounds on =f A\
Surface Tension of Jet Fuel ASCENT

26.00 26.00 -
25.80 -+
. 25.00 4
= 25.60 -
> E
T 24.00 = 25.40
e £ 5520 |
2 2300 &
§ .00 A E 25.00
[ 2
24.80 -
$ 22.00 g
T E 24.60
Y 21.00 - 24.40 -
24.20 -
20.00 A
24.00 A
0% {She") 001%  0.10%  1.00%  200%  5.00 0%(shell) 001%  010%  1.00%  200% 500
Ethanol-2-methoxy-ethoxy concentration Phenol trati
enol concentration

26.00 -

g;g;jg The oxygenated molecules
£ d i d ncéduse significative
§j23 change in the surface
5;;?33 tension of the fuels.

0% (Shell) 0.01% 0.10% 1.00%
2-methylphenol concentration
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Effect of oxygenated
Point of Jet Fuel

compounds on Flash =y A =

TTTTTTTTTTTTTTTTTTTTTTTTTT

ER

44.00 ~

43.00 ~

111

0.01% 0.10%
Ethan I2(2mthoxythx\r} concentratiol

5%

44.00 -

43.00 A

42.00 -
S 4100 -
£
S 4000 -
5
8 39.00 -
('S

38.00 -

37.00 -

36.00 -

Shell 0.01% 0.10%
Concentration of Phenol

[

Shell 0.01% 0.10%
Concentration of 2- methylphenol

5%

Flash point value was not
affected by the presence of
the oxygenated compounds
studied.
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Effect

of oxygenated

Heating Value of Jet Fuel

compounds

on High T/N\=

AAAAAAAAAAAAAAAAAAAAAAAAAAAA

43.8

”“ll

43.6

43.4

I
w
()

LHV (K)/g)
&

42.8
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Jet A 0.01% 0.10%
Concentration of Ethanol, 2- methoxy-ethoxy

438

436 -
42-8 | I I l
42.6 - T T \ T T

Jet A 0.01% 0.10% 1% 2% 5%
Concentration of Phenol

=9
w
=

LHV (K)/g)
&

-
w

43.8 4

43.6

434

LHV (K)/g)
&

42.8
42.6
42.4

422

NI

Jet A 0.01% 0.10%
Concentration of 2- methylphenol

The heating value of the
fuels showed a slightly
decrease with the increase
of oxygenated compound
concentration.
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On A4 A ____J

Effect of oxygenated compounds

water equilibrium (at 0°C) on Jet Fuel ASCENT
The presence of
oxygenated compounds
Increases the water

equilibrium content of the
fuels
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