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Abstract

In 2010, data were provided in support of FAA work to review the measured properties of the
100LL aviation gasoline being produced in the U.S. market. The findings were published as an
FAA Technical Note, DOT/FAA/AR-TN11/20. Data evaluated during the FAA study included
Certificate of Analysis (CoA) information on lead content, MON, and Supercharge rating,
these values versus lead content, and aromatic concentration versus lead. That analysis was
used to evaluate the range of fuels that met ASTM D910 requirement with less than the 0.56
gPb/L maximum allowable 100LL lead content. Efforts to reduce the amount of lead within
the aviation piston engine community continued unabated and it was desirable to understand
the current situation both here and, if possible, outside of the U.S.. Recognizing the likelihood
of policy pressures to further reduce the lead emissions from the market, it was desirable to
have an idea of the trend towards 100VLL production where lead concentration is limited to
0.45 gPb/L maximum. In addition to the continuation of the lead review, it was also deemed
useful to evaluate how other fuel properties may have changed overtime. This document
covers the analyses and presentation of aviation gasoline data provided as blinded CoAs for
contemporary review, as a comparison to the original 2010 study with respect to lead, and as a
review of other available properties over time. While efforts were made to comply with the
API blinding requirements for petroleum data, the global production quantities of aviation
gasoline are below the minimums for full compliance. These data are presented with a good

faith effort to meet the API blinding requirements to the greatest extent possible.

O CRC Contract No. AV-30-220
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A Survey of Aviation Gasoline Properties Based on
Certificate of Analysis Data

Prepared by M. Thom for the Coordinating Research Council, Inc., Contract No. AV-30-22

Executive Summary

Survey data consisting of blinded data downloads and Certificate of Analyses (CoA), used without
change or prejudice. CoAs are accepted by the industry as a certificate of validation. Further
investigations or verification of the accuracy of the reported data were determined to be outside the
scope of the researcher’s authority. Although MON was of interest, the primary objective of the survey
was to explore and investigate lead content trends in production AvGas while offering an insight into

the variance in other specification properties where possible.

A second target was to consider how the reported fuel properties may have changed over time. It was
determined much of the new data did not include overt dates and could only be placed in reference to
the dated data received during the original FAA analysis. To help support this approach, data from a

U.S. Department of the Interior Bureau of Mines 1960 Grade 100/130 AvGas survey was also used.

1. The sample sets were blinded prior to receipt to help ensure anonymity.

2. A total of 125 individual CoAs were received in the original data pool. Of that original set, 13
were identified as being UL91 aviation gasoline and were not included in the following
analyses except as noted. The original pool had 60 CoAs which were identified as being from
the U.S. and 52 from the “rest of the world”. There were indications that some of the 100 octane
avgas samples were produced specifically as 100VLL, but all the samples were combined for the
current analyses and no further considerations were made related to the two levels of lead.

3. The original data included source information, specifically U.S. production versus the rest of the
world. To meet the API blinding requirements, this information has been removed and the
report is presented as a global review. The original FAA data were provided as U.S. production
only, and as such changes reported are only from U.S. to global production.

In reviewing the data specific to the lead content and the MON values, the following two items
were considered. First, given a maximum 100LL lead content of 0.56 gPb/L and a maximum
100VLL lead content of 0.45 gPb/L, what percentage of the data set would be compliant with VLL
requirements. Where the data suggested that the fuel was 100LL, an analysis was made to
determine what percentage of the data would be between 0.45 gPb/L (VLL maximum) and 0.51

gPb/L (a ten percent reduction over maximum lead content).
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The second analysis was to determine the percentage breakdown of the reported MON value by
individual MON values (104, 103, 102, 101, 100). This was done to facilitate considering how much

traditional margin has been relinquished over time.

The minimum and maximum reported value for each lead content and MON value are also

provided as well as any special observations.

This research was funded by the Coordinating Research Council, Inc., at 5755 North Point Parkway,
Suite 265, Alpharetta, Georgia, and performed by Baere Aerospace Consulting, Inc. under Contract AV-
30-22.
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1 Data Analysis Summary, Lead and MON

The data provided were from refineries from within the U.S. and “The Rest of the World”. However,
due to the API blinding requirements, there were not enough individual data sources nor enough
individual certificates of analysis to permit data reviews with that level of granularity. To meet the API
petroleum blinding requirements, all the data except for those clearly identified as UL91 were
combined into a single data set. It was recognized that this still did not entirely meet the API
requirements, however, the production quantities of aviation gasoline at a global level are too small to

facilitate full compliance to the API guidelines.

The analyses included the average for the data (mean), the maximum, and the minimum. The
properties included: the motor octane value (MON), the aviation lean rating (ALR) where provided, the
supercharge rating (SCR) where provided, the lead content in g Pb/L (converted from mL TEL/L when
required), and vapor pressure where provided. The lead analysis includes a review of “what percent
of the maximum specified lead does each statistical value represent”, i.e. what percent of maximum

lead does the mean value represent?

The final analysis includes the number of lead values which are above or below a target lead content
value. The “what percent of” the sample set this target represents is reported.

1.1 A summary review of the global fuel samples
Table 1 - Summary of Lead and MON values

Lead (g Pb/L) MON Value MON Margin

Min | Max | Mean | % <045 | % <051 | Min | Max | Mean | %>101 | %>102 | %>103 %>104
gPb/L | gPb/L

Result 031 056 04 375% | 79.2%  100.0 1050 @ 1024

I.1.1 A summary of Global leaded AvGas Quality

In addition to the review of lead content versus MON values and supercharge ratings, it was also
desirous to review remaining reported properties over time. Note that a set of FAA Study data were
excluded here due to questionable data source and a significantly skewed distillation profile. These

were data provided from an engine program and were not original certificate of analysis data.

Combining all the data provided the following overview of global leaded AvGas quality.
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Table 2 - Analysis of Global AvGas Properties

2024 Data All Data (incl FAA Study)
Units Min Mean Max | Min Mean Max
MON ON 100.0 1024 1050 |100.0 103.05  108.0
Rating 102.7 1072 1144 |101.8 10829 1352
PN 130.0 1342 1410 | 1136 133.76 1410
gPb/L 0.32 046 056 |0.08 0.46 0.56
% m/m <0.00001 - <0.01 | <0.00001 - <0.1
kPa 39.6 446 490 |386 43.67 49.0
@38C
kg/m? 691.9 7114 7282 | 691.9 705.65  728.19
°C 27.8 342 380 |[27.8 347 39.0
°C 63.00 671 733 |587 67.1 75.0
°C 69.90 959  101.1 | 69.9 96.1 103.0
°C 93.89 100.5 105.0 | 93.9 100.6 105.0
°C 10444 1104 1279 |102.0 112.0 131.0
°C 11700 1304 153.8 [113.0 132.1 157.0
o 162.0 1798 1956 |159.6  174.6 195.6
% v/v 97.0 1.0 15 |97.0 98.1 99.1
% v/v 0.50 09 15 o050 1.0 15
MJ/kg 436 441 445 |[435 44.0 445
°C <-80.0 - <580 <800 - <-58.0
Rating 1 1A 1B |1 1A 1B
Potential Gum (5 mg/100ml 0.0 0.8 2.0 0.0 0.7 3.6
mg/100ml 0 - <1 0.0 - 0.7
mL i - 1 -1.0 - 1.0
mg/100ml <1 - 1 0.5 - 1.0

1.2 MON and Lead Comparison to 2010
A review of U.S. MON data suggests there has been a measurable drop in the finished MON

values in U.S. produced fuels since the 2010 data analyses. However, it is not possible to
determine whether this is related to the sample populations and regionality, or to actual

production shifts.

10
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Table 3 - Percent of Data vs MON Value

7% 0% less than 101
90% 96% greater than 101
63% 95% greater than 102
29% 85% greater than 103

7% 49% greater than 104

1.2.1 Aromatic Content Summary

There was no aromatic content data provided in any of the 2024 data sets as it was not a required
reported value. However, to provide information on aromatic content, estimated values were
determined for the 2024 data.

The aromatic concentration of the fuel samples was estimated using ASTM D3338, which is based
on distillation, density and sulfur data. D3338 is a laboratory method compared to bomb
calorimeter determination of AvGas energy content and, where used, reversing the calculation
provides a reasonable calculation of the concentration of aromatics in the fuel. When D3338 is
actually used to provide the AvGas energy content as for many of the CoAs, the calculation gives

the true, measured aromatic concentration.

For those entries reporting sulfur contents of “<0.01”, a value of “0” was used for the estimated

aromatic content calculations.
Table 4 - D3338 Calculated Estimated AvGas Aromatic Content

Min % v/v Mean % v/v Max % v/v
0.0 9.6 19.0

11
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2 Background
In 2012 the FAA published Technical Note DOT/FAA/AR-TN11/20 providing an insight into aviation

gasoline lead content and octane quality in support of industry development of a Very Low Lead grade
(I00VLL). Thirteen years have now elapsed and, with high octane unleaded grades under
development, there is renewed interest in determining the contemporary status of the production of
aviation gasoline with respect to existing lead content, octane and other fuel quality parameters. A
point of interest is to better understand the ability for production of a 100VLL aviation gasoline as
envisaged by the earlier work. The new data procured represent, as best as possible, both U.S. and
RoW production. These data are used to review any changes since the 2010 FAA program.

The first activity was to prepare a document which was directly a continuation in form and function as

that of the original FAA Technical Note. To do this, the following steps were taken

Perform necessary data processing from non-standard Excel spreadsheet laboratory downloads
Perform necessary conversion processing to maintain uniform units (metric vs imperial)
Perform necessary data input from .pdf to Excel format

Process new data and generate a final report consistent with existing FAA Technical Note
including consideration for 100VLL.

YV V VY

It was further requested to perform a more general analysis covering each ASTM D910 / Defence
Standard 91-090 Table 1 properties similar to that in the CRC project AV-18-17, The Quality of
Aviation Fuel Available in the United Kingdom, Annual Survey 2014. This encompasses reporting
on trends for fourteen Table 1 properties across years, by batches. These data are provided in the
same CoAs and represent part of the data processing performed for the initial project. The scope of
the additional effort covered:

» Process the data to provide distribution evaluation of the additional Table 1 properties, and
where possible provide trending evaluation of the additional Table 1 properties by year, as
continued from existing Tech Note data

> Develop a distribution profile for each CoA property, and where possible trending by year

» This trending would include data from the years collected for the FAA Technical Note.

2.1 Methodology
2.1.1 Data Entry

In the original FAA study, individual certificates of analysis were procured from a variety of sources.
The data were all blinded by the author, but coded such that analysis based on regionality was
possible. The contemporary data were provided from both U.S. and global refinery sources. To meet

the API blinding requirements for petroleum production, all the data except for that specifically

12
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identified as 91UL were combined and for this report analyzed as global aviation gasoline production

without consideration for location.

For the purposes of this analysis, all data were entered as received without modification or correction,
except as noted. Modifications made included calculations for the commonality of units. Any
temperatures were converted from Fahrenheit to Celsius. All of the lead contents provided were
converted to a uniform unit of grams of lead per liter (gPb/L). For lead contents provided as milliliters
of TEL, the conversion factor of ImL TEL =1.0589 g Pb was used. For those provided as lead in gallons,
these values were converted to liters, 1 U.S. gallon = 3.785 liters. API gravities were converted to
density at 15 °C in kg/m3 using the formula density kg/m3 = (141.5/(API+131.5))*1000. In cases where
calculations required numerical values and only “<“ or “>" reports were provided, these data were
modified to the reported value, i.e. sulfur reported as <0.01 was entered as a numeric “0” for

calculations.

All data were received from the CRC as either .pdf files or as Excel spreadsheets. The data were
manually entered into single spreadsheets organized in the same structure as was used for the original
2010 analyses. This was done to permit the data to be more easily analyzed across both data sets when

reviewing trend data. Similar graphing was performed as was done during the original analysis.

While data were collected and collated for a U.S. Group 8, it was determined that this data set was
recertification data and potentially a duplication of other provided data. Apart from a single sample

included in the overall analyses, the recertification data were removed from the analyses.

2.1.2 Analysis

For the following evaluations, individual charts were prepared to consider the following trends:

o  Motor Octane Number (MON) vs. Lead

¢ MON and Supercharge Rating (SCR) vs Lead.

e Median Distillation Ranges

e MON vs. Lead vs. Calculated Aromatic Content

Provided data were analyzed to determine the average values (mean), the median values (centermost),
the maximum value, the minimum value, and the standard deviation. The lead content was further
analyzed to determine the percentage distribution of the samples on lead content. This statistical
evaluation was used to prepare observations related to the production of ASTM D910 100VLL fuels.
100VLL was added to the specification following the 2010 data review. 100VLL represented a 20%
reduction in permissible maximum lead (0.45 g Pb/L) as compared to the traditional 100LL with a

permissible maximum lead content of 0.56 g Pb/L.

In the original 2010 analyses, there was also a consideration for the contributions of aromatics on the
lead content of the final fuel. Ultimately, no correlation was found in the 2010 data and no conclusions

were drawn. None of the data provided for this work had aromatic contents reported, and a similar

13
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analysis related to reported aromatic content could not be performed on the current data. However, to
help industry understanding, the aromatic concentration of the fuel samples was estimated using
ASTM D3338. ASTM D3338 is a laboratory method compared to bomb calorimeter determination of
AvGas energy content and, where used, reversing the calculation provides a reasonable calculation of

the actual concentration of aromatics in the fuel.

Using the formula provided in D3338, the following Excel analysis was done with the data provided.
This formula takes the distillation temperatures, the density, the energy content, and the sulfur content,
and mathematically estimates the aromatic content based on provided aromatic equation constants.
The net heat of combustion value, QP, is a correction of the net heat of combustion based on the QP
equation constants and the measured energy content. All of the constants are provided by ASTM
D3338. For calculations, sulfur values reported as a “less than” value were manually entered as “0.0”.
For data which provided the density as API ° Gravity, the calculation density kg/m3 =
(141.5/(API+131.5))*1000 was used.

Table 5 - Calculation of Estimated Aromatic Content

(Spreadsheet Cell)
E7
T10% viv °C 66.1
E8
T50% viv °C 102.2
E9
T90% viv °C 109.9
. E10
Density kg/m3 716.1
E11
Energy Content MJ/kg 43.85
E12
Sulfur % m/m 0.0005
Aromatics % viv
= ((E10*(D18-D30+D28*D17))-D23-D25*D17)/(D26*D17- (Excel formula)
D24+D27*E10-D29*D17*E10)
(Cell)
D17
T =(T10+T50+T90%)/3 92.73333
D18
QP 43.85017
. D19
QP Equation Constants 0.10166
D20
0.01
D21
1
. . D23
Aromatic Equation Constants 5528.73
D24
92.6499
D25
10.1601
D26
0.314169
D27
0.079171
D28
0.009449
D29
0.000292
D30
35.9936

14
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3 Analysis Summary

The original study performed in 2010 was specifically undertaken to determine the impact of reducing
the maximum amount of lead within current U.S. production, based on the existing fuel properties.
Following that effort, it was determined a reduction of 15% to 20% over the specified maximum lead
offered an opportunity for a Very Low Lead grade, 100VLL with a maximum lead content of 0.45 gPb/I.
That original sample set included 96 individual samples.

This current analysis was specifically to determine if a change of lead content has been realized since
that original study. The data provided was expanded to include data from the Rest of the World
(RoW) production sources which were not included in the original 2010 study. While the original
study considered the fuels samples source by regions within the U.S. to determine if there was a

regionality to the potential, the current analysis is restricted global production.

4 Analysis of Properties

The analyses include the minimum, average (mean), and maximum for each quality parameter in the
set. The properties included, the motor octane number (MON), supercharge rating (SCR), lead content

in g Pb/L, vapor pressure and other measured parameters.

15
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4.1 Results

Table 7 - Analysis of Global Leaded AvGas Properties

Property Units Minimum Mean Maximum D910 Spec

MON ON 100.0 102.4 105.0 Min 99.6
PN 130.0 134.2 141.0 Min 130
gPb/L 0.32 0.46 0.56 Min 0.27
%m/m  <0.00001 - <0.01 Max 0.05
kPa 39.6 446 49.0 Min 38.0 /

Max 49.0

kg/m? 691.9 708.6 728.2 Report
°C 27.8 347 39.0
°C 59.0 67.4 75.0 Max 75
°C 90.0 96.5 103.0 Min 75
°C 93.9 100.6 105.0 Max 105
& 102.0 111.8 131.0 Max 135
°C 113.0 131.8 157.0 Max 170
& 161.0 168.1 180.0 Min 135
% v/v 0.5 1.0 1.5 Max 1.5
% v/v 0.1 0.9 15 Max 1.5
MJ/kg 43.6 44.1 445 Min 43.5
% vol 0.0 9.3 18.9 NA
°C <-80.0 - <-58.0 Max -58
Rating 1B : 1A Max 1

Oxidation Stability

Potential Gum (5 or 16 <1 - 3 Max 6

hours)
mL 1 . 1 Max +2
mg/100ml <1 - 1 NA

16
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4.2 Discussion

A brief discussion for each Avgas specification parameter is provided below. Graphs for each major
property were generated and are included to help visualize the data distribution. The following
additional analyses are also included for the global leaded Avgas data:

e MON versus Tetraethyl Lead content for grades 100LL / 100VLL.

e Percentage meeting 100LL (>0.45 — 0.56 gPb/1) versus 100VLL (0.28 — 0.45 gPb/1).

e Comparison versus 1960 United States Department of the Interior Bureau of Mines survey data
for Grade 100/130.

4.2.1 Octane Quality

The mean MON was 102.1 ON. Product quality ranged from 100.0 to 105 ON with no batches recorded
at the ASTM D910 specification minimum of 99.6 ON and were all higher than the Defence Standard
91-090 specification of 95.0 ON minimum.

4.2.2 Supercharge
The mean Supercharge for 100LL /100 VLL Avgas was 134.1 PN. The lowest result was 130.0 PN, at the

specification minimum limit.

17
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Global MON and Supercharge vs Lead (on Lead)
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4.2.3 Lead

The minimum / mean / maximum tetraethyl lead contents for leaded Avgas were 0.31 /0.48 / 0.56 gPb/1.
A review of the CoAs showed that 37.5% met the ASTM D910 Avgas 100VLL criteria of 0.45 gPb/L
maximum. Trace Tetraethyl Lead in UL91 Avgas ranged from <0.0026 to 0.008 gPb/I (not shown)
highlighting the importance of including the permissible 0.013 gPb/l specification limit in a mixed

leaded / unleaded Avgas transition market.
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Figure 3 - 100LL/100VLL Tetraethyl Lead Content

4.2.4 Sulfur Content

The sulfur content of all AvGas grades was found to be low, <0.01% m/m often being cited for results

below the test method detection limit.
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4.2.5 Density

The mean density for 100LL / 100VLL was 708.6 kg/m?® with a minimum of 691.9 kg/m® and a maximum
of 728.2 kg/m3. The orange bar is just the current data; the blue includes the original FAA data.

Global Distribution of Density
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Figure 4 - Range of Reported Density
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4.2.6 Vapor Pressure

The mean vapor pressure was 44.7 kPa. The maximum vapor pressure was 48.95 kPa. The lowest
vapor pressure of the survey was 39.6 kPa, which is 1.6 kPa above the minimum limit of 38.0 kPa. The

orange bar is just the current data; the blue includes the original FAA data.
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Figure 5 — Range of Reported Vapor Pressure

4.2.7 Distillation

The mean distillation parameters for global leaded avgas production are provided in Table 6. Data
were found very similar for all regions. The lowest initial boiling point was recorded at 27.8 °C and the
highest final boiling point 157.0 °C. T10% and T50% were constraints for some production with 12
CoAs within <1° of the specification limits of 75 and 105 °C. In the charts below, the orange bar just
represents the current data; the blue one includes the original FAA data.
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Table 6 - Analysis of Average Current Global Leaded AvGas Distillation Properties

Min Max D910 Spec

°C 347 278 39  Report

°C 67.1 58.7 750 Max75

°C 9.1 699 103.0 Min75

°C 1006 939 1050 Max 105

°C 112.0 1020 131.0 Max 135

°C 132.1 1130 1570 Max 170
°C

T10% 174.6 159.6  195.6 Min 135
+T50%

%v/v 1.0 0.5 15  Max15
%V/v 0.9 0.1 15  Max15

Leaded AvGas Distribution of IBP
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Figure 5 - Leaded AvGas Distribution of Initial Boiling Point
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Leaded AvGas Distribution of T10
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Figure 6 - Leaded AvGas Distribution of T10
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Figure 7 - Leaded AvGas Distribution of T40
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Leaded AvGas Distribution of T50
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Leaded AvGas Distribution of FBP
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Figure 10 - Global Leaded AvGas Distribution of Final Boiling Point
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Global Leaded AvGas - MON and Net Heat vs Lead Content
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4.2.8 Energy Content

U.S. 100LL/100VLL exhibited the highest mean energy content, 44.0 MJ/kg, followed by RoW
100LL/100VLL 43.8 M]/kg and finally UL91, 43.7 M]J/kg. Product ranged from the specification
minimum, 43.5 M]/kg to 44.5 MJ/kg. The reported energy contents are shown graphically in Figure 19.

4.2.9 Aromatic Content

Aromatic content for the data set was calculated using ASTM D3338 as detailed in section 2.1.1. Results

are summarized in Figure 13 and Table 7 - Analysis of AvGas Aromatic Concentration (D3338).
Global AvGas Distribution of Aromatics Calculated by D3338
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Figure 13 - Global AvGas Aromatic Content (D3338 Calculated)
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Table 7 - Analysis of AvGas Aromatic Concentration (D3338)

Aromatics Min % v/v Mean % v/v Max % v/v
U.S. 100LL / 0.0 6.5 12.8
100VLL

RoW 100LL / 5.8 12.4 18.9
100VLL

UL91 8.3 12.2 16.7

The lowest concentration of aromatics was 0.0% v/v. The maximum calculated concentration was
different between the regions with the U.S. recording 12.8 and the RoW 18.9% v/v. This is significantly
below the theoretical specification maximum, ASTM D910 of 25%.

4.2.10 Freeze Point

All freeze point results were below the -58 °C specification maximum with many reporting the result
below the limit of instrument detection. The highest and lowest recorded values were -60.6 and -72.0

°C, respectively.

4.2.11 Copper Corrosion

All Copper Corrosion results met the required maximum rating of 1 with reports of 1, 1A and 1B.

4.2.12 Oxidation Stability
The data featured 5-hour and 16-hour oxidation stability tests, probably a reflection of ASTM versus

Defence Standard product requirements. In both cases potential gum was low, a maximum of 3
mg/100 ml being recorded within the U.S. 100LL/100VLL and 2 mg/100ml for the UL91 data sets.
Results were typically <1 mg/100 ml and no reported lead precipitate.

4.2.13 Water Reaction

Water reaction results were low for all data with many reported as <1 ml. The highest result was 1.0
ml. Water reaction analysis was primarily to detect any ethanol from the motor gasoline pool entering

AvGas production. Results suggest good segregation of products.

4.2.14 Existent Gum

Existent gum is reported as part of Defence Standard 91-090 specification requirements. Data indicated
low levels with a similar maximum of 1 mg/100 ml for both 100LL/100VLL and UL91 Avgas.
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4.2.15 MON versus Lead Content

A review of the MON vs lead content shows the not unexpected relationship of an increasing lead
content with increasing MON value as the use of lead as an additive is driven by the motor octane
number requirements of the specification. However, this is also related to the use of aromatics and the
natural characteristics of the aviation alkylate used. Thus, a plot of MON vs lead content does show a

weak correlation showing that in general less lead additive may correspond to a lower MON.

Global Motor Octane Number vs Lead content
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Figure 14 - Motor Octane Number vs Lead Content in All Leaded Fuels

4.2.16 100VLL

Based on the leaded Avgas data, 40% of the global Avgas pool would satisfy the lower maximum lead
limit of 100VLL (0.28 to 0.45 g Pb/l). Considering the MON-TEL data in Figure 14, this suggests
potential challenges for Avgas supply should the industry attempt to fully transition to 100VLL. The

grade also exhibits a slightly lower mean MON with the minimum value of 100.0 approaching the 99.6
D910 lower limit, Table 8.

Table 8 - 100LL and 100VLL MON Analysis

Grade Allocation \Y% (O\Y \Y% (O\Y L\% (O )\)
Min Mean Max

100LL (>0.45 — 0.56 gPb/1) 100.7 102.6 105.0

100VLL (0.28 — 0.45 gPb/1) 100.0 101.9 104.6
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4.2.17 Comparison Versus 1960 Avgas Quality

A limited comparison of the combined leaded AvGas 100LL/100VLL quality data from the current
survey with United States Department of the Interior Bureau of Mines data for 1960 Grade 100/130 was
performed, Appendices, Section 7.2. This is summarized in Table 9. The reduction in TEL from 1.12 to
0.56 gPb/l maximum moving from Grade 100/130 to 100LL appears to have resulted in an increase in
aromatics usage to recover octane, the mean result moving from 5.7 to 9.3% v/v. However, overall,
leaded Avgas has remained a very consistent product considering the almost 60 years difference in
survey data.

Table 9 - Current Survey Global 100LL / 100VLL comparison to 1960 Bureau of Mines Data

_ ON 103.3 102.4
_ PN 131 1342
_ gPb/L 1.0 0.46
_ kPa 46.2 44.6
_ kg/m> 703.6 708.6
_ °C 97.8 100.6
_ °C 1183 111.8
_ ac 155.0 131.8
NSRS 1
(GG Cain |

_ mg/100ml 0.7 -
_ mg/100ml 0.1 -
T - il :
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5 AvGas Quality Over Time

To consider the other properties reported on the CoA, and comment on changes over time, all of the
data from both the original FAA study and the contemporary study were compiled into a single
spreadsheet. These data were then sorted by the sample date provided. Due to the full blinding
performed on the current CoA data, the date information was lost. However, the current data were
data from the last 10 years and are provided as a general continuation of the original data. In cases
where no date was provided, a notional date was entered solely for the purpose of sorting. Note that a
set of FAA Study data were excluded due to questionable data source and a significantly skewed
distillation profile. These were data provided from an engine program and not original certificate of

analysis data.

Following the sort, graphs including trendlines for each major property were generated and are
included in the Appendix section.

Except for motor octane number and net heat of combustion, there do not appear to be any trending

changes in properties over the global pool of data over time.

6 Conclusions

Based on the review of the provided data in this study, the conclusions drawn are:

1. Of the U.S. samples, reviewed before blinding 45% met the current 0.45 g Pb/L limit for
compliance with 100VLL or a 20% reduction over current 100LL maximum levels (0.56 g Pb/L).

2. Of the RoW 100 octane samples, reviewed before blinding, 37% met the current 0.45 g Pb/L limit
for compliance with 100VLL or a 20% reduction over current 100LL maximum levels (0.56 g
Pb/L).

3. Based on the trends within the datasets, margin on MON appears to be reducing versus past
analysis. There were 24 samples with a MON less than 102 and five samples with a MON less
than 101, a margin of 1.4 ON versus specification minimum of 99.6 ON. While in the 2010 data,
there was a single value of 100.0 reported, the maximum MON reported was 108, significantly
higher than reported for the current analysis U.S. and RoW maxima 105.0 and 103.3
respectively. The mean MON value reported in the 2010 was 103.6; the mean in the current U.S.
dataset was 102.3 (102.1 including the 100VLL). All samples had a MON of at least 100.0, but
this potential reduction was noteworthy.

a. In the 2010 analysis, over 95% of the data had motor octanes values higher than 102, and
85% were over 103. A review of the U.S. data for this report determined that only 54%
were higher than 102 and only 20% were over 103. 88% of the U.S. samples were above
101, meaning 12% were between 100 and 101.

b. A review of the combined data plotted against lead content only gave a weak correlation
highlighting the importance of the hydrocarbon AvGas base-stock to final quality.
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4. Volatility results agreed with specifications except for the 2010 data set where two unusually
low results were reported for T40% and T10% + T50%, possibly typographical errors. T10% and
T50% maximum appeared to be production constraints with product occasionally at the limit of
the specifications 75 and 105 °C respectively.

5. For all data, except MON and Net Heat of Combustion, there do not appear to be any trends in
properties which would likely exceed variability in the population or the test method.

6. When compared to United States Department of the Interior Bureau of Mines data for 1960
Grade 100/130, the aromatic concentration in current 100LL / VLL appears to have increased
from 5.7 to 9.3% v/v on average. Aside from this, product quality has remained surprisingly
consistent for more than 60 years.

The remaining reviews are a result of plotting trending data for the remaining measured properties by
date for the original 2010 FAA dataset and the current data. Because there were no RoW data in the
2010 study, all the RoW data are from the current study. Data are displayed in Section 7.
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/ Appendices
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7.1 Trending Analysis Over Time
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Figure 15 - All Leaded Data including FAA, current Global AvGas; MON by Date* [Gaps occur from unrequired property being unreported in a CoA]
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Supercharge Rating All Data (2010 FAA, Global) by Date*
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Lead Content All Data (2010 FAA, Global) by Date *
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Figure 17 - Lead Content, All Data, including FAA, Global AvGas; by Date* [Gaps occur from unrequired property being unreported in a CoA]
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Volatility as Reid Vapor Pressure (RVP), All Data (2010 FAA, Global) by Date*
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Figure 18 - Volatility as Reid Vapor Pressure (RVP), All Data, including FAA, Global AvGas; by Date* [Gaps occur from unrequired property being unreported in a CoA]

39



A Survey of Aviation Gasoline Properties Based on Certificate of Analysis Data

Net Heat of Combustion, M]/kg, All Data (2010 FAA,Global) by Date*
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Figure 19 - Net Heat of Combustion, All Data, including FAA, Global AvGas, by Date* [Gaps occur from unrequired property being unreported in a CoA]
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Density/Gravity, All Data (2010 FAA, Global), by Date*
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7.2 National Bureau of Mines 1960 Avgas Survey Data
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7.3 Data

Data are available from CRC in a separate file
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