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Introduction 

ASTM International defines cetane number as a measure of the ignition performance of a diesel 
fuel oil obtained by comparing it to reference fuels in a standardized engine test (1).  The cetane 
number has an inverse relationship with the fuels ignition delay, the time period between the start 
of injection and the first identifiable pressure increase during combustion of the fuel.  A fuel’s 
cetane number is a rating expressed on an arbitrary scale, ranging from zero (0), alpha-
methylnaphthalene, to one hundred (100), cetane, obtained on a standard single cylinder engine.  
In the 1960s, heptamethylnonane replaced alpha-methylnaphthalene as it had better storage 
stability characteristics and was widely available.   
 
Cetane number requirements are found in all diesel fuel specifications.  In the United States, 
diesel fuel is procured to meet ASTM D975 and has a minimum cetane number requirement of 
40 (2).  EN 590, specification for automotive diesel sold in the European Union has a minimum 
cetane requirement of 51 (3).  Higher cetane number fuels have shorter ignition delays thereby 
providing for more time for the fuel combustion process to be completed. Higher speed diesel 
engines operate more effectively with high cetane number fuels, with increased power, easier 
starting at low temperature, lower noise, and reduced smoke and emissions.  The lower the 
cetane number of the fuel, the harder it becomes to start the engines, particularly at low 
temperatures. 
 
Cetane number is not a specification requirement for aviation fuels, since turbine engines do not 
rely on compression ignition for operation.  In the 1980s, the Department of Defense 
implemented the Single Fuel Forward policy, requiring all combat and tactical ground equipment 
to use JP-8, Turbine Fuel, Aviation, Kerosene Type, JP-8 (NATO F-34), NATO F-35, and JP-
8+100 (NATO F-37) (MIL-DTL-83133).  As alternative fuels began to enter the aviation fuel 
market, the U.S. Army was successful in adding a cetane requirement to JP-8 containing 
synthetic fuel components as found in the appendix of MIL-DTL-83133 (4).  Two synthetic 
blending components, Fischer–Tropsch synthetic paraffinic kerosene (FT-SPK) and Hydro-
processed Esters and Fatty Acids synthetic paraffinic kerosene (HEFA-SPK), have been 
approved and incorporated into MIL-DTL-83133J.   On the commercial side, five synthetic 
hydrocarbon blending components have been approved and published in ASTM D7566-16, 
Standard Specification for Aviation Turbine Fuel Containing Synthesized Hydrocarbons (5).  
When the synthetic components are blended at the maximum approved ratio, with conventional 
aviation fuel, the fuel meets the performance requirements of ASTM D1655-15dε1 Standard 
Specification for Aviation Turbine Fuels (6).  The blending ratios are based on key fuel 
properties of the conventional aviation fuel; such as aromatic content and density.  Fuel 
containing Iso-Paraffinic Kerosene (IPK) and Alcohol-to-Jet (ATJ), in particular, have been 
shown to be deficient in cetane quality. 
 
Cetane improver additives are marketed to the commercial trucking industry to increase the 
cetane number of diesel fuel, with the desire to achieve an increase of 5 or 6 cetane numbers.  
Cetane improver additives can also be added at the refinery to fuel exhibiting a low cetane 
number.  Alkyl nitrates, specifically 2-ethylhexyl nitrate (2-EHN) are the most common cetane 
improver additives.  The goal of this evaluation is to determine if the use of additives at low 
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concentrations in fuels exhibiting poor cetane values is feasible.  If successful, the use of cetane 
improver additives could give fuel users a tool to improve fuel quality at field locations. 
 
Traditionally, cetane number has been tested in accordance with (IAW) ASTM D613, Standard 
Test Method for Cetane Number of Diesel Fuel Oil (7).  The test method requires a large test 
engine and a highly skilled operator; which is not feasible for all testing laboratories.  
Laboratory-sized instruments have been designed to correlate to the cetane engine and provide a 
calculated result known as the derived cetane number (DCN).  This project was conducted using 
two constant volume combustion chamber (CVCC) instruments.   

• ASTM D6890, Standard Test Method for Determination of Ignition Delay and Derived 
Cetane Number (DCN) of Diesel Fuel Oils by Combustion in a Constant Volume 
Chamber (8). 

• ASTM D7668, Standard Test Method for Determination of Derived Cetane Number 
(DCN) of Diesel Fuel Oils – Ignition Delay and Combustion Delay Using a Constant 
Volume Combustion Chamber Method (9). 

 

Approach 

Fuel additive market survey 

A market survey and internet search were conducted to determine the cetane improvers 
commercially available (10).  The survey indicated there are 3 types of cetane improvers 
available:  2-ethylhexyl nitrate (2-EHN), di-tertiary butyl peroxide, and isopropyl nitrate (IPN), 
with 2-EHN being the most common.  Initially, three, 2-EHN cetane improvers were selected for 
this evaluation:  

• CI-0801 manufactured by Innospec Fuel Specialties  
• Lubrizol 8090 manufactured by The Lubrizol Corporation 
• HiTEC4103 manufactured by Afton Chemical Company 

 
Upon completion of testing with 2 cetane improvers, it was decided to end the project due to the 
similar chemistries and results.  

Test Sample Matrix 

To quantify the effect of the cetane improver additives a matrix of test samples with varying 
additive concentrations was developed.  The test matrix consisted of a commercial, petroleum 
derived Jet A fuel conforming to ASTM D1655, and 50:50 blends of the Jet A fuel and synthetic 
blending components.  The synthetic blending components included: 

• Iso-Paraffinic Kerosene (IPK) from SASOL 
• Hydro-Processed Esters and Fatty Acids (HEFA) from UOP  
• Alcohol-to-Jet (ATJ) from Gevo  
• Synthesized Iso-Paraffin (SIP) from Amyris 
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The Jet A fuel and blending stocks used in this study may not be representative of every batch of 
fuel or blending stock produced by the manufacturers.  Their properties can vary batch-to-batch 
and the data reported here is intended to look at the trends not absolute numbers.  Each test 
sample was doped with two, 2-EHN based cetane improver additives at levels provided in Table 
1.   
 

Table 1. Test Sample Matrix additized with both the 2-ethylhexyl nitrate based additives. 
 

0 ppm 10 ppm 50 ppm 100 ppm 500 ppm
Jet A X X X X X
IPK X X X X X

HEFA X X X X X
ATJ X X X X X
SIP X X X X X

50:50 Jet A - IPK X X X X X
50:50 Jet A - HEFA X X X X X
50:50 Jet A - ATJ X X X X X
50:50 Jet A - SIP X X X X X

Cetane Improver Additive Concentration

T
es

t S
am

pl
e

 

Fuel Properties 

To quantify changes attributable to the cetane improvers, testing of select fuel properties was 
conducted on all of the test samples listed in Table 1.  The fuel properties, in addition to DCN, 
were selected based on their inclusion in ASTM D4054; Standard Practice for Qualification and 
Approval of New Aviation Turbine Fuels and Fuel Additives (11).  ASTM D4054 was 
developed by aircraft and engine original equipment manufacturers (OEM), the Federal Aviation 
Administration (FAA), and other government agencies to provide guidance on the testing 
required and OEM involvement to obtain approval for a fuel or additive in their respective 
engines and airframes.  The standard includes property targets that are based on OEM experience 
with the impact of fuel or additives on the design and performance of gas turbine engines. 
 
The Department of Defense previously broke out the ASTM D4054 framework into Technology 
Readiness Levels (TRLs) which are used to evaluate the maturity of evolving technologies (12).  
Table 2 provides a list of the selected TRL1-3 tests performed to evaluate the effect of the 
additive on the fuels in question. 
 
Special attention was paid to fuel properties that could affect aircraft performance; such as freeze 
point, thermal stability, and low temperature viscosity as negative impacts to these fuel 
properties would hinder the use of cetane improver additives by the Army. 
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Table 2. Select TRL 1-3 fuel property tests performed on test samples additized with both 2-
ethylhexyl nitrate based additives 

 
Property Measurement ASTM D TRL

vol % 1319
mass % 5186

Sulfur, Total mass % 2622 2
Hydrogen % 3343 2

IBP, °C
10% recovered, °C
20% recovered, °C
50% recovered, °C
90% recovered, °C

FBP, °C
Residue, vol %

Loss, vol %
Flash Point °C 93 2

API
kg/L at 15°C

Freezing Point °C 7153 2

@ -20°C, mm2/s

 @ 40°C, mm2/s
IQT 6890 3
CID 7668 3

Equation 1
Equation 2
4 Variable 4737 2

Change in press drop, mm Hg

Heater tube deposit, visual 
rating

Time to 25 mmHg (Minutes)
Net Heat of 
Combustion

MJ/kg 3338 2

BOCLE wear scar diameter, mm 5001 3

1

2

Derived Cetane 
Number

Cetane Index
976

Aromatics

Thermal Stability 3241

2

2

2

2

Distillation 86

Density 4052

Viscosity 445

 
 
All DCN test results provided in this report are an average of three test runs; while all other tests 
(except thermal stability) are duplicate test runs.  Because of the relatively large volume of fuel 
required and the 2.5 hour test time, only a single run was conducted for each thermal stability 
test. 
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Evaluation and Data Analysis 

Derived Cetane Number (DCN) 

DCN was tested IAW ASTM D6890 and ASTM D7668.  The instruments measure the ignition 
delay of the fuel and calculate a derived cetane number.  While the instruments cover a large 
cetane range, each method has a precision statement dictating the valid operating range.  ASTM 
D6890 covers a DCN ranging from 33 to 64, outside of this range the precision may be affected.  
The precision statement for ASTM D7668 covers a DCN ranging from 39-67, the precision of 
any measurements outside of this range is unknown.  Both instruments are able to obtain 
measurements and report DCN outside of this range, but the precision of the measurements is 
questionable.  For research purposes this report contains data outside the valid precision ranges 
of the instruments.   For discussion purposes, the closest precision value within the acceptable 
range will be applied to values outside the precision statement range. 
 
Table 3 displays the DCN results for the base fuel (Jet A), each blending stock (ATJ, IPK, 
HEFA, SIP), and the 50:50 blended fuels without addition of cetane improver additives.  From a 
combustion perspective, the Jet A, HEFA, HEFA/Jet A, SIP, and SIP/Jet A samples would not 
pose any problems for diesel engine powered combat and tactical ground equipment.  
Alternately, the ATJ, ATJ/Jet A, IPK, and IPK/Jet A samples could be problematic as fuels for 
Army ground equipment due to their low cetane values and are of particular interest in this study.  
The ATJ/Jet A and IPK/Jet A blends displayed increased DCN over the neat synthetic 
components due to the higher cetane of the Jet A component. 
 

Table 3. Derived Cetane Numbers (DCN) of base fuel, blending stocks and 50:50 blended fuels 
without addition of cetane improver. 

 

ASTM D6890 ASTM D7668
Jet A 46.3 48.2
ATJ 16.0 14.9
ATJ - Jet A 35.6 33.3
IPK 31.0 25.0
IPK - Jet A 39.1 39.1
HEFA 56.2 57.6
HEFA - Jet A 50.4 51.4
SIP 56.1 59.5
SIP - Jet A 50.6 52.3

Derived Cetane Number

 

Alcohol-to-Jet (ATJ) 

Table 4 provides the DCN results for the ATJ blending stocks and ATJ/Jet A blends with cetane 
improver additions.  The ATJ blending stocks fall outside the operational range of the instrument 
and the ATJ/Jet A blends fall outside the range of the published precision statement.  Overall, 
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ATJ/Jet A blends do not meet desired minimum cetane requirement of 40. Although both of the 
blends containing 500 ppm of CI did have a DCN of just 40 or higher (40.0 and 40.8) per the 
ASTM D6890 results, the DCN for these test samples was well under 40 per the ASTM D7668 
results. 
 

Table 4. Derived Cetane Numbers (DCN) of Cetane Improver additized Alcohol-to-Jet (ATJ) 
samples. 

 

ASTM D6890 ASTM D7668
ATJ 16.0 14.9
ATJ + 10 ppm CI #1 16.5 14.8
ATJ + 50 ppm CI #1 16.6 14.8
ATJ + 100 ppm CI #1 17.5 14.8
ATJ + 500 ppm CI #1 17.6 14.8
ATJ + 10 ppm CI #2 14.9
ATJ + 50 ppm CI #2 14.8
ATJ + 100 ppm CI #2 14.8
ATJ + 500 ppm CI #2 14.8
ATJ - Jet A 35.6 33.3
ATJ/Jet A + 10 ppm CI #1 36.3 33.7
ATJ/Jet A + 50 ppm CI #1 37.1 33.8
ATJ/Jet A + 100 ppm CI #1 38.2 33.6
ATJ/Jet A + 500 ppm CI #1 40.0 33.8
ATJ/Jet A + 10 ppm CI #2 37.9 33.7
ATJ/Jet A + 50 ppm CI #2 38.2 33.8
ATJ/Jet A + 100 ppm CI #2 38.6 33.8
ATJ/Jet A + 500 ppm CI #2 40.8 34.0

Samples NOT 
Run due to 
IQT Gasket 

Failures 

Derived Cetane Number

 
 
ATJ with Cetane Improver #1 – Measurements taken IAW ASTM D6890 increased 1.5 DCN 
at concentrations of 100 ppm and 500 ppm, but DCN remained well below the desired value of 
40.  Measurements taken IAW ASTM D7668 showed a minor decrease in DCN, the largest 
decrease was 0.11 DCN.  This measured difference is within the repeatability of the test and the 
DCN was not affected by the addition of cetane improver.  Additionally, the thermal stability test 
failed to meet the requirements for maximum pressure drop at concentrations of 100 ppm and 
500 ppm. 
 
ATJ with Cetane Improver #2 – Measurements taken per ASTM D6890 were not able to be 
collected.  When testing the ATJ blending stocks, the ignition delay caused an over-
pressurization within the combustion chamber damaging the combustion chamber gasket (see 
Figure 1).  The over-pressurization happened with all of the ATJ samples and was not specific to 
Cetane Improver #2.  The instrument was repaired and the gasket replaced on three occasions.  
The DCN was too low and it was decided to discontinue testing any further samples as the 
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ultimate result would be another split gasket.  Measurements taken IAW ASTM D7668 showed a 
minor decrease in DCN, the largest decrease was 0.11 DCN, similar to Cetane Improver #1.  The 
difference was within the error of the test and the DCN was not affected by the addition of cetane 
improver.  The thermal stability test requirements were met with concentrations of 100 ppm and 
500 ppm cetane improver. 
 

 
Figure 1. Damaged combustion chamber gasket caused by over pressurization while testing ATJ 

samples. 
 
ATJ/Jet A Blends with Cetane Improver #1 – Measurements taken IAW ASTM D6890 
presented a positive change in DCN as the concentration of cetane improver was added.  The 
blended fuel results were within the valid operating range of the instrument.  The addition of 100 
ppm cetane improver provided a 2 DCN increase over the unadditized ATJ/Jet A blend; while 
the 500 ppm cetane improver provided over a 4 DCN increase.  Unfortunately, the increase in 
DCN was still below the desired cetane value of 40.  Measurements taken with ASTM D7668 
exhibited slightly increased DCN values.  The 0.5 DCN increase was outside the valid operating 
range of the instrument and the increases in DCN could be attributable to the error within the 
method.  The thermal stability test results at 100 ppm and 500 ppm failed to meet the maximum 
pressure drop requirement.  Therefore, addition of cetane improver at these concentrations would 
affect aircraft operations. 
 
ATJ/Jet A Blends with Cetane Improver #2 – Measurements taken IAW ASTM D6890 
presented an increase in DCN as the concentration of cetane improver was added.  The blended 
fuel results were within the valid operating range of the instrument.   The addition of 100 ppm 
cetane improver provided a 3 DCN increase over the unadditized ATJ/Jet A blend; while the 500 
ppm cetane improver provided over a 5 DCN increase.  Measurement taken with ASTM D7668 
exhibited slightly increased DCN values.  The largest increase was 0.6 DCN, but this increase 
was outside the precision statement range of the instrument.  These increases in DCN could be 
attributable to the error within the method.  Thermal stability testing showed that the blend with 
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100 ppm of cetane improver passed the test requirements, but the blend with 500 ppm failed to 
meet the tube rating requirement for the test. 
 
On average, DCN for CI #2 additized samples were 1 DCN higher than samples additized with 
CI #1 when measured IAW ASTM D6890.  Measurements taken per ASTM D7668 did not show 
much variation between the different concentrations of cetane improver. 
 

Iso-Paraffinic Kerosene (IPK) 

Table 5 displays the DCN results for the IPK fuels and IPK/Jet A blends with cetane improver 
additions.  The IPK fuels fall outside the operational range of the instruments to provide valid 
precision data but the IPK/Jet A blends fall within the range of the published precision statement. 
 

Table 5. Derived Cetane Numbers (DCN) of Cetane Improver additized Iso-Paraffinic Kerosene 
(IPK) samples. 

 

ASTM D6890 ASTM D7668
IPK 31.0 25.0
IPK + 10 ppm CI #1 32.1 25.2
IPK + 50 ppm CI #1 33.8 25.1
IPK + 100 ppm CI #1 33.9 25.0
IPK + 500 ppm CI #1 35.1 24.6
IPK + 10 ppm CI #2 32.0 25.2
IPK + 50 ppm CI #2 33.1 25.1
IPK + 100 ppm CI #2 34.3 24.9
IPK + 500 ppm CI #2 36.3 24.5
IPK - Jet A 39.1 39.1
IPK/Jet A + 10 ppm CI #1 40.4 39.3
IPK/Jet A + 50 ppm CI #1 42.0 39.6
IPK/Jet A + 100 ppm CI #1 43.0 39.9
IPK/Jet A + 500 ppm CI #1 44.9 40.1
IPK/Jet A + 10 ppm CI #2 40.9 39.4
IPK/Jet A + 50 ppm CI #2 42.2 39.7
IPK/Jet A + 100 ppm CI #2 42.8 39.8
IPK/Jet A + 500 ppm CI #2 44.8 40.4

Derived Cetane Number

 
 
IPK with Cetane Improver #1 – Measurements taken IAW ASTM D6890 show that the cetane 
improver additive increased the DCN of the fuel.  IPK with 500 ppm exhibited an increase of 4 
DCN over the neat fuel.  Even with the increase in cetane value, the blending stocks do not meet 
the desired cetane value of 40.  Measurements taken IAW ASTM D7668 were consistently lower 
than those taken IAW ASTM D6890.  The DCN obtained via ASTM D7668 were within the 
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repeatability of the instrumentation at all concentration levels.  The fuels did meet the thermal 
stability requirements for tube rating and maximum change in pressure drop at all cetane 
improver additive concentration levels.  The use of this neat fuel in Army ground equipment 
would be problematic due to its low cetane value. 
 
IPK with Cetane Improver #2 – Measurements taken IAW ASTM D6890 showed that the 
cetane improver increased the DCN of the fuel.  IPK with 500 ppm exhibited an increase of 5 
over the neat fuel.  Even with the increase in cetane value, the fuels do not meet the desired 
cetane value of 40.  Measurements taken IAW ASTM D7668 were consistently lower than those 
taken IAW ASTM D6890.  The DCN were the same or less when cetane improver was added.  
Even though the values are outside the valid operating range of the instrument, variation in DCN 
could be attributed to the repeatability of the test method.  The fuels did meet the thermal 
stability requirements for tube rating and maximum change in pressure drop. 
 
IPK/Jet A with Cetane Improver #1 – Measurements taken IAW ASTM D6890 showed the 
cetane improver increased the DCN of the fuel blends and were within the valid operating range 
of the instrument.  The IPK/Jet A blend with 500 ppm provided a DCN of 44.94 which was a 5 
DCN increase over the unadditized blend.  This increase helps the fuel exceed the minimum 
desired cetane value of 40.  Measurements taken IAW ASTM D7668 were within the valid 
operating range of the instrument but were lower than those taken IAW ASTM D6890.  The 
instrument running ASTM D7668 may be less sensitive to the addition of cetane improver.  The 
IPK/Jet A blend with 500 ppm of cetane improver exhibited a DCN of 40.04, only 1 DCN 
increase over the unadditized fuel.  The thermal stability test concluded that the 100 ppm and 
500 ppm failed to meet the test requirements and could be detrimental to aircraft performance. 
 
IPK/Jet A with Cetane Improver #2 – Measurements taken IAW ASTM D6890 showed the 
cetane improver increased the DCN of the fuel blends and were within the valid operating range 
of the instrument.  The IPK/Jet A blend with 500 ppm provided a DCN of 44.94 which was a 5 
DCN increase over the unadditized blend, surpassing the minimum cetane value of 40.  
Measurements taken IAW ASTM D7668 were within the valid operating range of the instrument 
but were again lower than those taken IAW ASTM D6890.  The instrument running ASTM 
D7668 may be less sensitive to the addition of cetane improver.  The IPK/Jet A Blend with 500 
ppm of cetane improver exhibited a DCN of 40.44, only 1 DCN increase over the unadditized 
fuel.  The thermal stability test concluded that the 100 ppm and 500 ppm met the test 
requirements for change in pressure drop, but the tube rating for the 100 ppm concentration was 
a 3 and the 500 ppm concentration had a >4.  These tube ratings could be detrimental to aircraft 
performance. 
 
With respect to ASTM D6890, the response from both cetane improvers was very similar, both 
providing a 5 DCN increase.  As with the ATJ fuel, the neat IPK fuels measurements taken IAW 
ASTM D7668 did not exhibit change from the baseline fuels with increasing levels of additives. 

Jet A 

Table 6 displays the DCN results for the Jet A fuel with cetane improver additions.  The Jet A 
fuels fall within the operational range and published precision statement of both instruments.  
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The desired minimum cetane of 40 was met with the unadditized jet fuel and the cetane improver 
was able to improve the cetane quality by 4 DCN.  Unlike data in Tables 4 and 5, the 
measurements taken IAW ASTM D7668 were, on average, higher than measurements taken 
IAW ASTM D6890.  Additionally, the response from Cetane Improver #1 and Cetane Improver 
#2 were very similar. 
 
Table 6. Derived Cetane Numbers (DCN) of Cetane Improver additized petroleum based Jet A fuel 

samples. 
 

ASTM D6890 ASTM D7668
Jet A 46.3 48.2
Jet A + 10 ppm CI #1 47.3 49.9
Jet A + 50 ppm CI #1 48.4 50.7
Jet A + 100 ppm CI #1 49.7 51.3
Jet A + 500 ppm CI #1 52.2 52.7
Jet A + 10 ppm CI #2 47.2 49.7
Jet A + 50 ppm CI #2 48.7 50.3
Jet A + 100 ppm CI #2 50.8 50.7
Jet A + 500 ppm CI #2 53.5 52.8

Derived Cetane Number

 
 
Jet A with Cetane Improver #1 – Measurements taken IAW ASTM D6890 showed the cetane 
improver increased the DCN of the fuel.  There was a 1 DCN increase with 10 ppm 
concentration of cetane improver.  The 50 ppm concentration provided a 2 DCN increase, the 
100 ppm concentration provided a 3 DCN, and the 500 ppm concentration provided a 5 DCN 
improvement over the neat Jet A.  Measurements taken IAW ASTM D7668 also provided an 
increase in DCN.  ASTM D7668 provided a higher DCN values than ASTM D6890 except at the 
500 ppm concentration, contrary to what was seen with the ATJ and IPK fuels.  The samples 
with 100 ppm and 500 ppm concentrations did not meet the thermal stability specification 
requirements failing to meet the maximum pressure drop.  These concentrations would prove to 
be problematic for aircraft systems. 
 
Jet A with Cetane Improver #2 – Measurements taken IAW ASTM D6890 and ASTM D7668 
were very similar to the data for Cetane Improver #1.  These samples failed the thermal stability 
specification requirements also at 100 ppm and 500 ppm concentrations but by heater tube visual 
rating rather than by exceeding maximum pressure drop. 

Hydro-Processed Esters and Fatty Acids (HEFA)  

Table 7 provides the DCN for the HEFA samples, which were at the upper end of the valid 
operating ranges of both instruments. The HEFA blending stocks have DCN higher than the 
petroleum base Jet A fuel they were blended with for this evaluation.  No statistical differences 
were perceived between the CI #1 and CI #2 with either method. 
   



DISTRIBUTION A. Approved for public release: distribution unlimited. 

11 
UNCLASSIFIED DISTRIBUTION A. Approved for public release: distribution unlimited. 

 

HEFA with Cetane Improver #1 – Measurements taken IAW ASTM D6890 showed the cetane 
improver increased the DCN of the test sample.  The 50 ppm concentration provided a 4 DCN 
increase, the 100 ppm concentration provided a 5 DCN increase, and the 500 ppm concentration 
provided an 8.5 DCN improvement over the neat HEFA.  Measurements taken IAW ASTM 
D7668 also provided an increase in DCN.  ASTM D7668 exhibited approximately a 1 DCN 
higher value across the 4 different concentrations.  The samples with 100 ppm and 500 ppm 
concentrations still met the thermal stability test requirements.   
 

Table 7. Derived Cetane Numbers (DCN) of Cetane Improver additized HEFA samples. 
 

ASTM D6890 ASTM D7668
HEFA 56.2 57.6
HEFA + 10 ppm CI #1 58.3 59.7
HEFA + 50 ppm CI #1 60.3 61.3
HEFA + 100 ppm CI #1 61.3 62.3
HEFA + 500 ppm CI #1 64.7 65.9
HEFA + 10 ppm CI #2 59.1 60.0
HEFA + 50 ppm CI #2 61.2 61.6
HEFA + 100 ppm CI #2 61.8 63.0
HEFA + 500 ppm CI #2 65.2 66.5
HEFA - Jet A 50.4 51.4
HEFA/Jet A + 10 ppm CI #1 51.9 53.6
HEFA/Jet A + 50 ppm CI #1 53.8 54.6
HEFA/Jet A + 100 ppm CI #1 55.1 55.7
HEFA/Jet A + 500 ppm CI #1 58.1 58.2
HEFA/Jet A + 10 ppm CI #2 52.0 54.1
HEFA/Jet A + 50 ppm CI #2 54.3 54.8
HEFA/Jet A + 100 ppm CI #2 55.3 55.6
HEFA/Jet A + 500 ppm CI #2 58.5 58.4

Derived Cetane Number

 
 
HEFA with Cetane Improver #2 – Measurements taken IAW ASTM D6890 and ASTM D7668 
were very similar to the data for Cetane Improver #1.  The 50 ppm concentration provided a 5 
DCN increase, the 100 ppm concentration provided a 5.6 DCN increase, and the 500 ppm 
concentration provided a 9 DCN improvement over the neat HEFA.  Measurements taken IAW 
ASTM D7668 also showed an increase in DCN.  ASTM D7668 provided approximately a 1 
DCN higher value across the 4 different concentrations.  The samples with 100 ppm and 500 
ppm concentrations also met the thermal stability test requirements. 
 
HEFA/Jet A Blend with Cetane Improver #1 - Measurements taken IAW ASTM D6890 
showed the cetane improver increased the DCN of the fuel.  The 50 ppm concentration provided 
a 3 DCN increase, the 100 ppm concentration provided an increase of 5 DCN, and the 500 ppm 
concentration provided an 8 DCN improvement over the neat HEFA/Jet A blend.  Measurements 
taken IAW ASTM D7668 also provided an increase in DCN.  ASTM D7668 provided a higher, 
by approximately 1 DCN value, except at the 100 and 500 ppm concentrations the DCN values 
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were nearly identical between instruments.  The HEFA/Jet A with 100 ppm passed the thermal 
stability requirements, but the 500 ppm concentration did not meet the maximum pressure drop 
or tube rating. 
 
HEFA/Jet A Blend with Cetane Improver #2 - Measurements taken IAW ASTM D6890 
showed the cetane improver increased the DCN of the fuel.  The 50 ppm concentration provided 
a 4 DCN increase, the 100 ppm concentration increased the DCN by 5, and the 500 ppm 
concentration provided an 8 DCN improvement over the neat HEFA/Jet A blend.  Measurements 
taken per ASTM D7668 also provided an increase in DCN.  ASTM D7668 provided DCN values 
nearly identical to ASTM D6890.  The HEFA/Jet A with 100 ppm passed the thermal stability 
requirements, but the 500 ppm concentration did not meet the tube rating requirement. 

Synthesized Iso-Paraffin (SIP) 

Table 8 provides the DCN for the SIP test samples, which similarly to the HEFA test samples are 
at the upper end of the valid operating ranges of both instruments. Regardless of the instrument, 
the SIP blending stock test samples contained DCN higher than the petroleum base Jet A fuel 
they were blended with for this evaluation.  No statistical differences were perceived between the 
CI #1 and CI #2 with either method. 
 

Table 8. Derived Cetane Numbers (DCN) of Cetane Improver additized SIP samples. 
 

ASTM D6890 ASTM D7668
SIP 56.1 59.5
SIP + 10 ppm CI #1 58.5 60.8
SIP + 50 ppm CI #1 59.5 61.4
SIP + 100 ppm CI #1 60.5 62.3
SIP + 500 ppm CI #1 64.0 66.1
SIP + 10 ppm CI #2 58.6 61.2
SIP + 50 ppm CI #2 60.0 62.1
SIP + 100 ppm CI #2 61.1 63.2
SIP + 500 ppm CI #2 63.9 66.3
SIP - Jet A 50.6 52.3
SIP/Jet A + 10 ppm CI #1 52.3 53.6
SIP/Jet A + 50 ppm CI #1 53.7 54.7
SIP/Jet A + 100 ppm CI #1 55.6 55.5
SIP/Jet A + 500 ppm CI #1 57.3 57.8
SIP/Jet A + 10 ppm CI #2 52.2 53.8
SIP/Jet A + 50 ppm CI #2 54.5 55.3
SIP/Jet A + 100 ppm CI #2 55.5 55.6

Derived Cetane Number

 
 
SIP with Cetane Improver #1 – Measurements taken IAW ASTM D6890 exhibited an increase 
in DCN as additive levels were increased in the test sample.  The 50 ppm concentration provided 
a 3 DCN increase, the 100 ppm concentration provided a 4 DCN increase, and the 500 ppm 
concentration provided an 8 DCN improvement over the neat SIP.  Measurements taken IAW 
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ASTM D7668 also displayed an increase in DCN.  The increase in values are approximately two 
(2) DCN higher than the ASTM D6890 measurements across the 4 different concentrations.  The 
sample with 500 ppm concentration failed to meet the tube rating requirement for the thermal 
stability test. 
 
SIP with Cetane Improver #2 – Measurements taken IAW ASTM D6890 and ASTM D7668 
were very similar to the data for Cetane Improver #1.  The response to the thermal stability test 
was also similar, failing the visual tube rating at 500 ppm. 
 
SIP/Jet A Blend with Cetane Improver #1 - Measurements taken IAW ASTM D6890 showed 
the cetane improver increased the DCN of the fuel.  The 50 ppm concentration provided a 3 
DCN increase, the 100 ppm concentration provided a 5 DCN increase, and the 500 ppm 
concentration provided an 8 DCN improvement over the neat SIP/Jet A blend.  Measurements 
taken IAW ASTM D7668 also provided an increase in derived cetane number.  ASTM D7668 
provided a higher, roughly by 1 DCN, except at the 500 ppm concentration level, the DCN 
values were nearly identical.  The SIP/Jet A with 100 ppm failed the maximum pressure drop 
requirement of the thermal stability requirements and the 500 ppm concentration failed the tube 
rating.  These concentrations would prove to be problematic for aircraft systems. 
 
SIP/Jet A Blend with Cetane Improver #2 - Measurements taken per ASTM D6890 showed 
the cetane improver increased the DCN of the fuel.  The 50 ppm concentration provided a 4 
DCN increase, the 100 ppm concentration increase the DCN by a value of 5, and the 500 ppm 
concentration provided an 8 DCN improvement over the neat SIP/Jet A blend.  Measurements 
taken IAW ASTM D7668 also exhibited an increase in derived cetane number commensurate 
with those seen with ASTM D6890.  The HEFA/Jet A with 100 ppm passed the thermal stability 
requirements, but the 500 ppm concentration did not meet the tube rating requirement. 

Effect of Additive on Other Fuel Properties 

The appendices contain all of the data collected in this research report.  Based on this research, 
the addition of cetane improvers did not impact the following fuel properties: 

• Aromatics 
• Sulfur, Total 
• Hydrogen Content 
• Distillation 
• Flash Point 
• Density 
• Freezing Point 
• Viscosity, -20°C and 40°C 
• Net Heat of Combustion 

 
Calculated Cetane Index 
The calculated cetane index was measuring IAW with ASTM D976, Standard Test Method for 
Calculated Cetane Index of Distillate Fuels (13), and ASTM D4737, Standard Test Method for 
Calculated Cetane Index by Four Variable Equation (14).  Both formulas were shown to provide 
inaccurate values for the synthetic blending stocks, finding agreement with previous TARDEC 
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research (15).  The cetane index improver additives did not have an effect on the calculated 
cetane indexes as expected since the calculations are not applicable to fuels containing additives 
for raising cetane number.  The calculations are completed using density/API Gravity and 
distillation temperatures and since these properties were unaffected; the addition of cetane 
improver would not be characterized. 
 
Thermal Stability 
To save time and supplies, the thermal stability test was only conducted on the 100 ppm and 500 
ppm samples.  Cetane improver #1 and #2 induced several failures of thermal stability.  
However, the data suggests that cetane improver #2 was more thermally stable at the 100 ppm 
concentration, as no failures were observed.  There was a degradation of thermal stability of the 
overall fuels, as the change in pressure drop and tube ratings were higher than the unadditized 
samples.  As discussed above, the thermal stability failures were widespread and would affect 
aircraft operations. 
 
The impact of cetane improvers on thermal stability negates their use during fuel refining, 
blending, and allowance into distribution systems.  Thermal stability is not a concern within 
compression ignition engines.  Cetane improvers could be blended in as an additive near point of 
use, but great care would be required to ensure that the additive is regulated to compression 
ignition engines only and not allowed within turbine engines.  Care would also need to be taken 
to segregate additized fuel when performing defueling operations. 
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Table 9. Addition of cetane improver additives on Thermal Stability measured IAW ASTM D3241 
 

Change in press 
drop, mm Hg

Heater tube deposit, 
visual rating

Time to 25 mmHg 
(Minutes)

ATJ 0.00 <1 n/a
ATJ + 100 ppm CI #1 100.18 <1 83
ATJ + 500 ppm CI #1 100.11 <1 54
ATJ + 100 ppm CI #2 0.01 <2 n/a
ATJ + 500 ppm CI #2 3.53 <2 n/a
ATJ - Jet A 0.00 <1 n/a
ATJ/Jet A + 100 ppm CI #1 100.16 <1 116
ATJ/Jet A + 500 ppm CI #1 100.04 4A 75
ATJ/Jet A + 100 ppm CI #2 2.00 <2 n/a
ATJ/Jet A + 500 ppm CI #2 5.24 <4 n/a
IPK 0.12 2 n/a
IPK + 100 ppm CI #1 0.39 <1 n/a
IPK + 500 ppm CI #1 0.69 <1 n/a
IPK + 100 ppm CI #2 0.41 <1 n/a
IPK + 500 ppm CI #2 0.06 1 n/a
IPK - Jet A 0.00 1 n/a
IPK/Jet A + 100 ppm CI #1 25.13 <1 150
IPK/Jet A + 500 ppm CI #1 100.04 >4 36
IPK/Jet A + 100 ppm CI #2 3.12 3 n/a
IPK/Jet A + 500 ppm CI #2 0.44 >4 n/a
HEFA 0.05 <2 n/a
HEFA + 100 ppm CI #1 0.03 1 n/a
HEFA + 500 ppm CI #1 0.00 <1 n/a
HEFA + 100 ppm CI #2 0.00 <1 n/a
HEFA + 500 ppm CI #2 0.00 1 n/a
HEFA - Jet A 0.00 <1 n/a
HEFA/Jet A + 100 ppm CI #1 2.73 <1 n/a
HEFA/Jet A + 500 ppm CI #1 100.05 <4 35
HEFA/Jet A + 100 ppm CI #2 0.94 <2 n/a
HEFA/Jet A + 500 ppm CI #2 0.22 4 n/a
SIP 0.13 <1 n/a
SIP + 100 ppm CI #1 0.00 <1 n/a
SIP + 500 ppm CI #1 11.14 4 n/a
SIP + 100 ppm CI #2 0.00 <1 n/a
SIP + 500 ppm CI #2 0.00 <4 n/a
SIP - Jet A 0.00 <1 n/a
SIP/Jet A + 100 ppm CI #1 100.01 1 89
SIP/Jet A + 500 ppm CI #1 0.00 >4A n/a
SIP/Jet A + 100 ppm CI #2 0.00 1 n/a
SIP/Jet A + 500 ppm CI #2 0.00 >4 n/a
Jet A 0.66 <1 n/a
Jet A + 100 ppm CI #1 100.23 <1 105
Jet A + 500 ppm CI #1 100.09 >4P 112
Jet A + 100 ppm CI #2 1.55 3 n/a
Jet A + 500 ppm CI #2 100.19 4 126

Thermal Stability

D3241
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Lubricity 
Two of the market survey responses indicated that cetane improver additives potentially have a 
negative effect on lubricity.  A negative impact would result in larger wear scar diameters.  
Therefore, lubricity was added to the testing matrix and tested IAW ASTM D5001, Standard 
Test Method for Measurement of Lubricity of Aviation Turbine Fuels by the Ball-on-Cylinder 
Lubricity Evaluator (16).  The average wear scar diameters were not negatively impacted by 
either cetane improver.  In the case of Jet A and ATJ, the wear scars showed a decrease in 
average wear scar diameter. 
 

Table 10. Effect of Cetane Improver on Fuel Lubricity 
 

BOCLE

wear scar 
diameter, mm

D5001
ATJ 0.69
ATJ + 500 ppm CI #1 0.60
ATJ + 500 ppm CI #2 0.59
IPK 0.55
IPK + 500 ppm CI #1 0.55
IPK + 500 ppm CI #2 0.55
HEFA 0.54
HEFA + 500 ppm CI #1 0.54
HEFA + 500 ppm CI #2 0.54
SIP 0.59
SIP + 500 ppm CI #1 0.57
SIP + 500 ppm CI #2 0.56
Jet A 0.62
Jet A + 500 ppm CI #1 0.57
Jet A + 500 ppm CI #2 0.55  

 

Conclusions and Recommendations 

The intention of this test project was to examine the use of low concentrations of cetane 
improvers in aviation fuel for use in ground applications.  Two cetane improvers, with the same 
chemistry, 2-EHN, were evaluated using two instruments providing a derived cetane number.  
Below is a list of the conclusions based on the data from this research: 
 

• The ATJ test samples experienced over-pressurization and caused instrument failure 
when tested IAW ASTM D6890.   



DISTRIBUTION A. Approved for public release: distribution unlimited. 

17 
UNCLASSIFIED DISTRIBUTION A. Approved for public release: distribution unlimited. 

 

• Measurements taken IAW ASTM D7668 should strictly adhere to the valid operating 
range of the method.  Fuels with a DCN of 40 or lower have poor results and the lack of 
additive effect may be an indication of the method rather than the additive effects.     

• Measurements taken in the valid operating range of each instrument were consistently 
within 1 DCN of each other. 

• Changes to the DCN values for the 10 and 50 ppm concentrations tended to more within 
the error of the instrument and do not prove to be useful for ground vehicles.   

• Thermal stability requirements were not met for the 100 ppm and 500 ppm sample 
concentrations.   

• Cetane Improvers did not negatively impact lubricity at 500 ppm concentration levels.  
However, further testing of additive concentrations over 500 ppm should be performed 
prior to use.   

 
The negative impact of cetane improvers on thermal stability negates their use during fuel 
refining, blending and allowance into distribution systems.  Since thermal stability of the fuel is 
not a concern for compression ignition engines, there is a potential benefit for the Army ground 
equipment.  However, great care would be required to ensure that the additive is regulated to 
compression ignition engines only and not allowed within turbine engines.   
 
While the use of cetane improver additives does increase some of the DCN values of the test 
samples, the feasibility of field use is unlikely at this time.  However, if cetane improver 
additives are considered, additional research should be performed to ensure that proper lubricity 
requirements are still maintained when using higher cetane improver additive concentrations.    
Care would also need to be taken to segregate additized fuel when performing defueling 
operations, as the fuel could not be used in aircraft operations. 
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Appendix A 

Sulfur, TotaHydrogen Flash Point
Freezing 

Point
Net Heat 

of 
BOCLE

vol % mass % mass % % IBP, °C
10% 

recovered, 
°C

20% 
recovered, 

°C

50% 
recovered, 

°C

90% 
recovered, 

°C
FBP, °C

Residue, 
vol %

Loss, vol 
%

°C API
kg/L at 
15°C

°C
@ -20°C, 

mm2/s

 @ 40°C, 

mm2/s
IQT CID

Equation 
1

Equation 
2

4 
Variable

Change in press 
drop, mm Hg

Heater tube deposit, 
visual rating

Time to 25 mmHg 
(Minutes)

MJ/kg
wear scar 

diameter, mm

D1319 D5186 D2622 D3343 D93 D7153 D6890 D7668 D4737 D3338 D5001
ATJ 0.9 0.0 0.000 15.2 172.0 177.7 178.4 181.6 218.3 258.0 1.2 0.5 51.0 54.9 0.7591 <-100 4.870 1.495 16.0 14.9 55.9 53.7 59.8 0.00 <1 n/a 44.017 0.69
ATJ + 10 ppm CI #1 1.1 0.0 0.000 15.2 172.3 177.3 178.3 180.8 218.0 259.5 1.4 0.3 51.0 54.9 0.7592 <-100 4.870 1.493 16.5 14.8 55.5 53.3 59.4 44.011
ATJ + 50 ppm CI #1 0.9 0.0 0.000 15.2 172.1 177.2 178.4 181.1 218.8 257.9 1.3 0.6 51.5 54.9 0.7591 <-100 4.865 1.495 16.6 14.8 55.7 53.5 59.5 44.018
ATJ + 100 ppm CI #1 0.8 0.0 0.000 15.2 172.9 177.5 178.6 181.8 218.4 258.4 1.4 0.5 51.5 54.9 0.7592 <-100 4.862 1.495 17.5 14.8 56.2 53.9 60.0 100.18 <1 83 44.017
ATJ + 500 ppm CI #1 0.8 0.0 0.000 14.9 172.4 177.2 178.2 181.1 218.1 257.4 1.2 0.5 51.5 54.9 0.7593 <-100 4.866 1.496 17.6 14.8 55.6 53.4 59.4 100.11 <1 54 43.868 0.60
ATJ + 10 ppm CI #2 0.8 0.0 0.000 15.2 172.9 177.6 178.7 181.7 220.0 258.5 1.4 0.7 52.5 54.9 0.7591 <-100 4.889 1.493 14.9 56.0 53.8 59.9 44.022
ATJ + 50 ppm CI #2 0.8 0.0 0.000 15.2 173.1 177.5 178.5 181.7 219.7 258.5 1.3 0.6 52.5 54.9 0.7591 <-100 4.892 1.495 14.8 56.0 53.8 59.9 44.020
ATJ + 100 ppm CI #2 1.0 0.0 0.000 15.2 173.4 177.2 178.6 181.8 219.3 259.0 1.3 0.5 51.5 54.9 0.7592 <-100 4.896 1.496 14.8 56.0 53.8 59.8 0.01 <2 n/a 44.015
ATJ + 500 ppm CI #2 1.0 0.0 0.000 15.2 172.6 177.5 178.8 181.6 219.6 258.1 1.3 0.5 52.3 54.9 0.7592 <-100 4.895 1.497 14.8 55.9 53.7 59.7 3.53 <2 n/a 44.015 0.59
ATJ - Jet A 8.3 9.4 0.053 14.6 168.9 180.9 183.9 192.7 232.3 254.4 1.4 0.8 53.5 50.6 0.7773 -56.6 4.536 1.384 35.6 33.3 51.9 50.8 54.8 0.00 <1 n/a 43.678
ATJ/Jet A + 10 ppm CI #1 8.4 9.5 0.051 14.6 170.1 180.7 183.7 192.6 231.6 255.1 1.5 0.3 54.5 50.5 0.7775 -56.3 4.536 1.384 36.3 33.7 51.7 50.7 54.6 43.672
ATJ/Jet A + 50 ppm CI #1 8.3 9.5 0.051 14.6 168.8 180.8 183.8 192.6 231.6 254.0 1.5 0.4 54.5 50.5 0.7775 -56.2 4.541 1.384 37.1 33.8 51.7 50.7 54.7 43.674
ATJ/Jet A + 100 ppm CI #1 8.3 9.4 0.052 14.6 170.9 180.8 183.7 192.6 231.3 253.3 1.5 0.1 54.5 50.5 0.7774 -56.4 4.534 1.382 38.2 33.6 51.8 50.7 54.7 100.16 <1 116 43.674
ATJ/Jet A + 500 ppm CI #1 8.3 9.5 0.051 14.6 170.3 180.3 183.3 192.6 231.5 253.0 1.4 0.4 54.5 50.5 0.7775 -56.2 4.542 1.383 40.0 33.8 51.7 50.7 54.6 100.04 4A 75 43.672
ATJ/Jet A + 10 ppm CI #2 7.9 9.4 0.051 14.6 171.7 180.9 183.9 192.7 232.2 253.9 1.4 0.6 54.5 50.5 0.7773 -56.6 4.558 1.382 37.9 33.7 51.8 50.8 54.8 43.685
ATJ/Jet A + 50 ppm CI #2 7.8 9.4 0.051 14.6 170.9 180.8 184.0 192.9 232.1 254.2 1.4 0.6 54.5 50.5 0.7774 -56.6 4.554 1.383 38.2 33.8 51.9 50.9 54.9 43.686
ATJ/Jet A + 100 ppm CI #2 7.8 9.5 0.051 14.6 170.9 180.9 184.0 192.9 232.6 254.2 1.4 0.8 54.5 50.5 0.7774 -56.6 4.561 1.382 38.6 33.8 51.9 50.9 54.9 2.00 <2 n/a 43.686
ATJ/Jet A + 500 ppm CI #2 7.8 9.5 0.051 14.6 171.0 180.9 183.7 193.5 232.3 253.9 1.5 0.7 54.5 50.5 0.7774 -56.6 4.559 1.384 40.8 34.0 52.1 51.1 55.0 5.24 <4 n/a 43.685
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Table A1. Alcohol-to-Jet (ATJ) and ATJ/Jet A data 

Sulfur, TotaHydrogen Flash Point
Freezing 

Point
Net Heat 

of 
BOCLE

vol % mass % mass % % IBP, °C
10% 

recovered, 
°C

20% 
recovered, 

°C

50% 
recovered, 

°C

90% 
recovered, 

°C
FBP, °C

Residue, 
vol %

Loss, vol 
%

°C API
kg/L at 
15°C

°C
@ -20°C, 

mm2/s

 @ 40°C, 

mm2/s
IQT CID

Equation 
1

Equation 
2

4 
Variable

Change in press 
drop, mm Hg

Heater tube deposit, 
visual rating

Time to 25 mmHg 
(Minutes)

MJ/kg
wear scar 

diameter, mm

D1319 D5186 D2622 D3343 D93 D7153 D6890 D7668 D4737 D3338 D5001
IPK 1.5 0.7 0.002 15.0 155.0 164.6 167.3 177.2 200.5 224.5 1.5 0.5 43.5 54.5 0.7608 <-100 3.405 1.112 31.0 25.0 52.7 50.7 56.3 0.12 2 n/a 43.935 0.55
IPK + 10 ppm CI #1 1.2 0.7 0.002 15.0 155.5 164.3 167.2 176.8 200.3 224.4 1.3 0.6 42.5 54.4 0.7610 <-100 3.419 1.130 32.1 25.2 52.4 50.4 56.0 43.938
IPK + 50 ppm CI #1 1.6 0.6 0.002 15.0 155.8 164.1 166.9 176.6 200.1 223.1 1.4 0.4 42.5 54.5 0.7609 <-100 3.411 1.128 33.8 25.1 52.3 50.3 55.9 43.930
IPK + 100 ppm CI #1 1.1 0.7 0.002 15.1 156.2 164.5 167.3 177.4 200.8 222.7 1.4 0.4 43.5 54.5 0.7609 <-100 3.406 1.126 33.9 25.0 52.8 50.7 56.3 0.39 <1 n/a 43.943
IPK + 500 ppm CI #1 1.6 0.7 0.002 15.0 154.8 164.1 167.0 176.5 199.9 223.7 1.4 0.3 42.5 54.5 0.7609 <-100 3.408 1.133 35.1 24.6 52.3 50.3 55.9 0.69 <1 n/a 43.929 0.55
IPK + 10 ppm CI #2 1.1 0.7 0.002 15.1 156.2 164.6 167.4 177.3 200.9 223.9 1.4 0.8 44.0 54.5 0.7608 <-100 3.417 1.127 32.0 25.2 52.8 50.7 56.3 43.944
IPK + 50 ppm CI #2 1.2 0.7 0.002 15.1 155.3 164.6 167.5 177.2 201.0 224.5 1.4 0.8 44.0 54.5 0.7608 <-100 3.415 1.127 33.1 25.1 52.7 50.7 56.3 43.942
IPK + 100 ppm CI #2 1.2 0.7 0.002 15.1 155.3 164.8 167.5 177.0 200.9 224.2 1.5 0.6 44.0 54.5 0.7608 <-100 3.419 1.126 34.3 24.9 52.6 50.6 56.2 0.41 <1 n/a 43.943
IPK + 500 ppm CI #2 1.2 0.7 0.002 15.1 155.8 164.6 167.5 177.2 200.9 223.8 1.5 0.6 44.0 54.5 0.7609 <-100 3.417 1.127 36.3 24.5 52.7 50.7 56.3 0.06 1 n/a 43.941 0.55
IPK - Jet A 8.6 9.7 0.055 14.5 157.5 172.7 176.8 191.7 224.2 247.3 1.4 0.5 48.5 50.4 0.7780 -57.2 3.898 1.224 39.1 39.1 51.0 50.1 53.6 0.00 1 n/a 43.636
IPK/Jet A + 10 ppm CI #1 8.9 9.7 0.052 14.5 158.4 172.9 177.2 191.7 224.3 247.1 1.4 0.4 48.5 50.3 0.7782 -57.1 3.905 1.223 40.4 39.3 50.9 50.0 53.5 43.630
IPK/Jet A + 50 ppm CI #1 8.8 9.9 0.052 14.5 158.6 172.9 177.2 191.7 224.9 247.2 1.4 0.6 48.5 50.3 0.7783 -57.2 3.910 1.223 42.0 39.6 50.9 50.0 53.5 43.631
IPK/Jet A + 100 ppm CI #1 8.8 9.8 0.053 14.5 160.4 172.8 177.0 191.9 224.2 246.1 1.4 0.5 49.5 50.4 0.7781 -56.9 3.896 1.219 43.0 39.9 51.1 50.1 53.6 25.13 <1 150 43.633
IPK/Jet A + 500 ppm CI #1 8.7 9.8 0.053 14.5 158.2 172.8 177.1 191.4 224.3 246.4 1.4 0.2 48.5 50.3 0.7783 -57.2 3.908 1.222 44.9 40.1 50.7 49.8 53.3 100.04 >4 36 43.632
IPK/Jet A + 10 ppm CI #2 8.5 9.9 0.052 14.5 160.5 173.1 177.2 191.9 224.3 247.3 1.4 0.5 49.5 50.4 0.7780 -57.2 3.911 1.220 40.9 39.4 51.2 50.2 53.7 43.641
IPK/Jet A + 50 ppm CI #2 8.3 9.8 0.053 14.5 161.1 173.1 177.3 192.0 224.5 246.6 1.4 0.6 49.5 50.4 0.7780 -57.2 3.919 1.219 42.2 39.7 51.2 50.2 53.7 43.644
IPK/Jet A + 100 ppm CI #2 8.4 9.8 0.052 14.5 160.9 173.0 177.2 192.2 224.6 246.7 1.4 0.7 49.5 50.4 0.7780 -57.3 3.925 1.220 42.8 39.8 51.3 50.3 53.8 3.12 3 n/a 43.642
IPK/Jet A + 500 ppm CI #2 8.5 9.8 0.052 14.5 161.2 172.9 177.1 192.3 224.6 246.4 1.4 0.6 49.5 50.4 0.7781 -57.3 3.912 1.221 44.8 40.4 51.3 50.3 53.7 0.44 >4 n/a 43.640
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Table A2. Iso-Paraffinic Kerosene (IPK) and IPK/Jet A data 



DISTRIBUTION A. Approved for public release: distribution unlimited. 

A-2 
UNCLASSIFIED DISTRIBUTION A. Approved for public release: distribution unlimited. 

Sulfur, TotaHydrogen Flash Point
Freezing 

Point
Net Heat 

of 
BOCLE

vol % mass % mass % % IBP, °C
10% 

recovered, 
°C

20% 
recovered, 

°C

50% 
recovered, 

°C

90% 
recovered, 

°C
FBP, °C

Residue, 
vol %

Loss, vol 
%

°C API
kg/L at 
15°C

°C
@ -20°C, 

mm2/s

 @ 40°C, 

mm2/s
IQT CID

Equation 
1

Equation 
2

4 
Variable

Change in press 
drop, mm Hg

Heater tube deposit, 
visual rating

Time to 25 mmHg 
(Minutes)

MJ/kg
wear scar 

diameter, mm

D1319 D5186 D2622 D3343 D93 D7153 D6890 D7668 D4737 D3338 D5001
Jet A 16.1 18.2 0.098 14.0 169.1 187.1 192.2 206.6 233.9 252.7 1.4 0.5 58.0 46.5 0.7949 -48.0 4.490 1.322 46.3 48.2 49.7 49.3 51.3 0.66 <1 n/a 43.359 0.62
JET A + 10 ppm CI #1 15.8 18.2 0.099 14.0 171.6 186.5 191.7 205.7 233.1 250.7 1.3 0.4 59.0 46.5 0.7950 -48.1 4.503 1.324 47.3 49.9 49.3 48.9 50.9 43.360
JET A + 50 ppm CI #1 16.1 18.3 0.099 14.0 172.0 186.4 191.7 205.8 233.3 250.8 1.4 0.3 59.0 46.5 0.7951 -48.2 4.496 1.323 48.4 50.7 49.3 48.9 50.9 43.360
Jet A + 100 ppm CI #1 15.6 18.3 0.101 14.0 169.7 187.0 192.2 206.6 233.5 252.4 1.4 0.1 59.0 46.5 0.7950 -47.9 4.510 1.324 49.7 51.3 49.6 49.2 51.2 100.23 <1 105 43.365
Jet A + 500 ppm CI #1 16.1 18.3 0.099 14.0 171.5 186.2 191.7 206.2 233.3 250.5 1.3 0.5 59.0 46.5 0.7951 -48.1 4.499 1.326 52.2 52.7 49.4 49.0 51.0 100.09 >4P 112 43.355 0.57
JET A + 10 ppm CI #2 18.3 0.098 14.0 170.5 186.7 192.1 206.5 234.0 251.9 98.0 0.6 58.8 46.49 0.7950 -48.0 4.499 1.322 47.2 49.7 49.6 49.2 51.2 43.391
JET A + 50 ppm CI #2 18.2 0.098 14.0 169.5 186.8 192.2 206.3 233.6 252.2 98.2 0.4 58.8 46.49 0.7950 -48.0 4.499 1.320 48.7 50.3 49.5 49.1 51.2 43.388
Jet A + 100 ppm CI #2 18.2 0.097 14.0 170.0 186.9 192.4 206.3 233.7 252.8 98.2 0.4 58.5 46.49 0.7950 -48.1 4.498 1.322 50.8 50.7 49.5 49.1 51.2 1.55 3 n/a 43.390
Jet A + 500 ppm CI #2 18.2 0.098 14.0 172.0 186.8 192.1 206.7 233.9 251.8 98.0 0.6 58.8 46.47 0.7951 -48.1 4.503 1.322 53.5 52.8 49.6 49.2 51.2 100.19 4 126 43.389 0.55
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Table A3. Petroleum based Jet A data 

Sulfur, TotaHydrogen Flash Point
Freezing 

Point
Net Heat 

of 
BOCLE

vol % mass % mass % % IBP, °C
10% 

recovered, 
°C

20% 
recovered, 

°C

50% 
recovered, 

°C

90% 
recovered, 

°C
FBP, °C

Residue, 
vol %

Loss, vol 
%

°C API
kg/L at 
15°C

°C
@ -20°C, 

mm2/s

 @ 40°C, 

mm2/s
IQT CID

Equation 
1

Equation 
2

4 
Variable

Change in press 
drop, mm Hg

Heater tube deposit, 
visual rating

Time to 25 mmHg 
(Minutes)

MJ/kg
wear scar 

diameter, mm

D1319 D5186 D2622 D3343 D93 D7153 D6890 D7668 D4737 D3338 D5001
HEFA 0.6 0.2 0.000 15.3 147.5 164.4 172.9 214.5 270.9 277.6 1.5 0.5 45.5 54.4 0.7610 -56.5 5.124 1.408 56.2 57.6 69.6 67.1 71.3 0.05 <2 n/a 44.094 0.54
HEFA + 10 ppm CI #1 0.5 0.2 0.000 15.3 147.2 164.1 172.4 213.6 270.6 277.1 1.5 0.5 45.0 54.4 0.7611 -56.6 5.124 1.414 58.3 59.7 69.2 66.7 70.8 44.093
HEFA + 50 ppm CI #1 0.5 0.2 0.000 15.3 147.6 164.4 172.9 214.6 271.0 277.5 1.6 0.7 45.3 54.4 0.7612 -56.5 5.125 1.414 60.3 61.3 69.5 67.0 71.2 44.093
HEFA + 100 ppm CI #1 0.4 0.1 0.000 15.3 149.6 164.7 173.4 214.1 270.7 277.6 1.5 0.4 45.5 54.4 0.7610 -56.4 5.104 1.405 61.3 62.3 69.4 66.9 71.2 0.03 1 n/a 44.097
HEFA + 500 ppm CI #1 0.5 0.2 0.000 15.3 148.8 163.9 172.1 213.7 270.3 277.1 1.5 0.2 45.0 54.4 0.7612 -56.4 5.121 1.410 64.7 65.9 69.2 66.6 70.9 0.00 <1 n/a 44.090 0.54
HEFA + 10 ppm CI #2 0.4 0.2 0.000 15.3 148.1 164.7 173.3 214.5 271.2 277.7 1.6 0.7 46.0 54.5 0.7610 -56.3 5.125 1.407 59.1 60.0 69.6 67.1 71.3 44.098
HEFA + 50 ppm CI #2 0.4 0.2 0.000 15.3 148.5 164.7 173.6 214.8 271.2 277.7 1.5 0.7 46.0 54.5 0.7610 -56.2 5.127 1.409 61.2 61.6 69.7 67.2 71.5 44.098
HEFA + 100 ppm CI #2 0.5 0.2 0.000 15.3 148.7 164.3 173.2 215.0 271.2 277.6 1.6 0.7 46.0 54.4 0.7610 -56.4 5.137 1.409 61.8 63.0 69.6 67.2 71.6 0.00 <1 n/a 44.097
HEFA + 500 ppm CI #2 0.4 0.2 0.000 15.3 149.9 164.2 173.2 215.0 271.2 277.6 1.5 0.7 46.0 54.4 0.7611 -56.4 5.124 1.409 65.2 66.5 69.7 67.2 71.5 0.00 1 n/a 44.097 0.54
HEFA - Jet A 7.9 9.5 0.053 14.6 155.9 175.8 183.3 209.3 258.1 273.5 1.3 0.6 50.5 50.3 0.7783 -54.6 4.804 1.370 50.4 51.4 58.6 57.4 60.4 0.00 <1 n/a 43.745
HEFA/Jet A + 10 ppm CI #1 7.6 9.5 0.052 14.7 156.2 174.8 183.0 208.6 257.2 273.1 1.4 0.2 50.5 50.3 0.7783 -54.6 4.784 1.364 51.9 53.6 58.3 57.1 60.1 43.728
HEFA/Jet A + 50 ppm CI #1 7.9 9.6 0.052 14.6 156.5 174.9 183.0 208.8 257.1 273.1 1.4 0.1 50.5 50.3 0.7783 -54.6 4.778 1.365 53.8 54.6 58.3 57.2 60.2 43.724
HEFA/Jet A + 100 ppm CI #1 8.4 9.5 0.052 14.6 158.9 175.5 183.3 209.4 257.5 273.6 1.5 0.2 51.5 50.4 0.7781 -54.5 4.785 1.363 55.1 55.7 58.7 57.5 60.5 2.73 <1 n/a 43.721
HEFA/Jet A + 500 ppm CI #1 8.2 9.5 0.052 14.6 156.2 174.8 183.0 208.7 257.5 273.4 1.4 0.3 50.5 50.3 0.7783 -54.4 4.773 1.365 58.1 58.2 58.3 57.1 60.1 100.05 <4 35 43.720
HEFA/Jet A + 10 ppm CI #2 8.1 9.5 0.051 14.6 158.6 175.8 183.7 209.6 258.5 273.7 1.5 0.7 51.8 50.4 0.7781 -54.8 4.781 1.362 52.0 54.1 58.7 57.5 60.6 43.729
HEFA/Jet A + 50 ppm CI #2 8.1 9.5 0.051 14.6 158.4 175.7 183.5 209.6 258.5 273.7 1.5 0.7 51.8 50.4 0.7781 -54.9 4.780 1.362 54.3 54.8 58.8 57.6 60.6 43.729
HEFA/Jet A + 100 ppm CI #2 7.8 9.5 0.051 14.7 157.3 176.0 183.6 209.5 258.4 273.7 1.5 0.5 51.5 50.4 0.7781 -54.8 4.791 1.364 55.3 55.6 58.7 57.5 60.6 0.94 <2 n/a 43.733
HEFA/Jet A + 500 ppm CI #2 7.7 9.5 0.051 14.7 157.7 176.0 183.5 209.5 258.3 273.6 1.5 0.5 51.3 50.3 0.7782 -54.8 4.795 1.362 58.5 58.4 58.7 57.5 60.5 0.22 4 n/a 43.733
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Table A4. Hydro-processed Esters and Fatty Acids (HEFA) and HEFA/Jet A data 



DISTRIBUTION A. Approved for public release: distribution unlimited. 

A-3 
UNCLASSIFIED DISTRIBUTION A. Approved for public release: distribution unlimited. 

Sulfur, TotaHydrogen Flash Point
Freezing 

Point
Net Heat 

of 
BOCLE

vol % mass % mass % % IBP, °C
10% 

recovered, 
°C

20% 
recovered, 

°C

50% 
recovered, 

°C

90% 
recovered, 

°C
FBP, °C

Residue, 
vol %

Loss, vol 
%

°C API
kg/L at 
15°C

°C
@ -20°C, 

mm2/s

 @ 40°C, 

mm2/s
IQT CID

Equation 
1

Equation 
2

4 
Variable

Change in press 
drop, mm Hg

Heater tube deposit, 
visual rating

Time to 25 mmHg 
(Minutes)

MJ/kg
wear scar 

diameter, mm

D1319 D5186 D2622 D3343 D93 D7153 D6890 D7668 D4737 D3338 D5001
SIP 1.1 0.1 0.000 15.1 236.2 244.0 244.2 244.6 245.2 252.5 1.3 0.6 108.5 51.3 0.7741 <-100 14.090 2.350 56.1 59.5 72.7 70.8 82.9 0.13 <1 n/a 44.022 0.59
SIP + 10 ppm CI #1 1.3 0.1 0.000 15.1 235.7 243.7 243.9 244.1 244.8 253.8 1.3 0.7 108.5 51.3 0.7742 <-100 14.090 2.352 58.5 60.8 72.5 70.6 82.6 44.016
SIP + 50 ppm CI #1 1.3 0.2 0.000 15.1 238.0 243.8 244.0 244.2 244.9 254.5 1.3 0.6 108.5 51.3 0.7742 <-100 14.090 2.355 59.5 61.4 72.5 70.6 82.7 44.016
SIP + 100 ppm CI #1 1.0 0.2 0.000 15.1 238.0 244.1 244.3 244.5 245.2 253.8 1.4 0.3 108.5 51.3 0.7741 <-100 14.080 2.352 60.5 62.3 72.6 70.8 82.9 0.00 <1 n/a 44.022
SIP + 500 ppm CI #1 1.0 0.2 0.000 15.1 236.9 243.6 243.9 244.1 244.8 252.3 1.4 0.5 108.5 51.3 0.7743 <-100 14.150 2.351 64.0 66.1 72.5 70.6 82.6 11.14 4 n/a 44.018 0.57
SIP + 10 ppm CI #2 1.1 0.2 0.000 15.1 238.5 244.2 244.4 244.5 245.3 255.4 1.5 1.0 109.5 51.3 0.7742 <-100 14.110 2.351 58.6 61.2 72.6 70.8 82.9 44.021
SIP + 50 ppm CI #2 1.1 0.1 0.000 15.1 238.1 244.1 244.3 244.5 245.2 255.5 1.5 0.9 109.5 51.3 0.7742 <-100 14.110 2.352 60.0 62.1 72.6 70.7 82.8 44.019
SIP + 100 ppm CI #2 1.0 0.2 0.000 15.1 236.9 244.1 244.3 244.5 245.3 254.7 1.3 1.0 109.5 51.3 0.7742 <-100 14.110 2.352 61.1 63.2 72.6 70.7 82.8 0.00 <1 n/a 44.022
SIP + 500 ppm CI #2 1.1 0.1 0.000 15.1 237.8 244.1 244.4 244.6 245.3 254.7 1.4 0.9 108.5 51.3 0.7743 <-100 14.090 2.351 63.9 66.3 72.6 70.7 82.8 0.00 <4 n/a 44.019 0.56
SIP - Jet A 8.5 9.5 0.050 14.6 183.7 205.6 213.9 231.3 244.5 252.1 1.5 0.8 68.5 48.9 0.7844 -56.2 7.420 1.733 50.6 52.3 63.5 62.4 67.2 0.00 <1 n/a 43.700
SIP/Jet A + 10 ppm CI #1 8.4 9.6 0.051 14.6 182.2 204.3 212.3 230.4 244.0 251.3 1.4 0.3 68.5 48.9 0.7845 -55.8 7.408 1.726 52.3 53.6 63.2 62.1 66.7 43.708
SIP/Jet A + 50 ppm CI #1 8.3 9.6 0.051 14.6 181.1 204.6 212.4 230.4 224.1 252.0 1.4 0.6 68.5 48.9 0.7845 -56.1 7.414 1.723 53.7 54.7 63.2 62.1 66.7 43.699
SIP/Jet A + 100 ppm CI #1 8.6 9.6 0.051 14.6 185.3 205.5 213.4 231.0 244.4 251.6 1.4 0.5 69.0 48.9 0.7845 -56.1 7.420 1.728 55.6 55.5 63.4 62.3 67.0 100.01 1 89 43.697
SIP/Jet A + 500 ppm CI #1 8.4 9.5 0.050 14.6 185.3 204.3 212.9 230.5 244.0 251.1 1.5 0.4 68.5 48.9 0.7846 -56.2 7.433 1.727 57.3 57.8 63.2 62.1 66.7 0.00 >4A n/a 43.695
SIP/Jet A + 10 ppm CI #2 7.9 9.5 0.050 14.6 185.6 205.4 213.7 231.3 244.6 254.0 1.5 1.1 69.5 48.9 0.7844 -56.3 7.450 1.726 52.2 53.8 63.5 62.4 67.1 43.708
SIP/Jet A + 50 ppm CI #2 8.0 9.5 0.051 14.6 185.1 205.5 213.5 231.1 244.4 252.3 1.5 0.6 69.5 48.9 0.7845 -56.2 7.446 1.727 54.5 55.3 63.5 62.3 67.1 43.706

Density Viscosity Derived Cetane NumberAromatics Cetane Index Thermal Stability

D86 D4052 D445 D976 D3241

Distillation

Table A5. Synthesized Iso-Paraffin (SIP) and SIP/Jet A data 
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