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Project Overview 7A7

AVIATION SUSTAINABILITY CENTER

A foundational database of current and newly emerging
alternative jet fuels

Year 3: 8/15/2016 to 8/14/2017
Lead PI: Tonghun Lee (university of lllinois Urbana-Champaign)

Co-PI: Steven Zabarnick (university of Dayton Research Institute)
Project Manager: Cecilia Shaw (Federal Aviation Administration)

Advisory Committee:

*  Tim Edwards (Air Force Research Laboratory)

« Pamela Chu (National Institute of Standards & Technology)
° Robert Morris (Naval Research Laboratory)

*  Mike Kweon (Army Research Laboratory)

Goals:

« Compile data on alternative jet fuels (AJF) in comprehensive and centralized
knowledgebase

« Support alternative fuels research and fuel certification across academia,
government, and industry

* Increase accessibility to AJF testing data and approval reporting



Approach ?A?

ldentify available data and select sources for use Year 1

- Collect scattered data (standardized reports, pre-existing database,
research/reports from academia and industry)

Prioritize data retrieval and construct web portal
- Determine scope and range of data registry/web portal Year 2

- Develop interactive and intuitive cataloguing system
« Seed registry/database with initial data

Optimize structure and analyze data Year 3

«  Optimize overall database vision and standardized structure
« Leverage funded efforts: FAAASCENT, FAAASCENT NJFCP, ...
- Prepare comprehensive analysis of available data

Enhance database features Year 4
* Provide updated AJF data via site fuel summary tool

« Evaluate fuel blending tools to support ASTM Generic Annex work

« Extend data to additional categories: GCxGC, emissions, rig testing, ...




Current AJFTD Database 7A7

AVIATION SUSTAINABILITY CENTER

L . altjetfuels.illinois.edu
« Containing information on: -

— Fuel specification analyses
— Technical papers
— Fuel approval reports

cor—

AJFTD: fEramsE e o
OLIS ABOI

* 400+ documents
— Around 300 POSFs covering alt p—
and conventional jet fuels mocin |0 w4 B8R | B

AJFTD is advised by a

panel of experts from CAAFI

the FAA, ARL, AFRL. PriMe
and NIST

* Preparing fuel spec and

- : : DOCUMENT DATABASE
Var I atl O n an aIyS I S p ap e r u S I n g Click on the name of a Data Category below to display documents and other categories organized within it

AJFTD resources B> FUEL PROPERTES

(3 ALCOHOL TO JET (ATJ)
. 0 DIRECT SUGAR TO HYDROCARBON (DSHC)
. (3 FISCHER-TROPSCH (FT)
) LO O kl n to S u O rt AST M O HYDRO-DEOXYGENATED SYNTHESIZED KEROSENE [HDO-SK)
g p p (3 HYDROPROCESSED DEPOLYMERIZED CELLULOSIC DIESEL (HDCD)
03 HYDROTREATED DEPOLYMERIZED CELLULOSIC JET (HDCJ)

G e n e ri C An n eX th ro u g h fu e I O HYDROTREATED RENEWABLE JET (HRJ)

[ 1SO-PARAFFINIC KEROSENE (IPK)

blending tools and test data

O SYNTHESIZED ISO-PARAFFINS (SIP)

acce SS O SYNTHETIC PARAFFINIC KEROSENE (SPK)
s NJFCP Fuel Data Feb 04 2014

. & PUBLICATIONS
- Eval u a.te fu e I b I e n d p ro pe rtl es [ FUEL CERTIFICATIONS
O PRODUCTION PROCESSES
[ TECHMICAL REPORTS
0O TESTING RESULTS




AJFTD Web Portal

AJ FT . ALTERNATIVE JET FUELS AT

TEST DATABASE ASCENT

HOME ABOUT » SEARCH SUBMISSIONS DATABASE NJFCP ~ NEWS CONTACT LOG OUT ADMIN

= . T 4 < - _y 3
Energy Independence: Secure future with domestic fuel production
DATABASE ADVISORY ONLINE
X FAACOEASCENT | & ACCESS & COMMITTEE «¢ CONNECTIONS

Advancing solutions for Learn about site AJFTD is advised by a CLEEN
the aviation industry access and new user panel of experts from CAAFI

registration the FAA, ARL, AFRL, PriMe

NRL, and NIST. NIST

Alternative Jet Fuel Test Database

AJFTD is funded through the Federal Aviation Administration Office of Environment and Energy Main Contact Professor Tonghun Lee
as part of the FAA Center of Excellence ASCENT Project. Any opinions, findings, and Mechanical Science and Engineering
conclusions or recommendations expressed in this material are those ofthe authors and do University of llinois at Urbana-Champalgn
not necessarily reflect the views of the FAA or other ASCENT sponsors. 1206 W.Green Street

Urbana. IL 61801

[ T TN DT Phone: 517-290-8005
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Log-in requires
authorization

Data submission
available for users

Improved search
result accessibility

Comments can be
left on data
(community wide
screening)



AJFTD Public Access =~ A\
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AJFTD: g s =

HOME

ABOUT¥  DATABASE

NIFCPY

ABOUT

This archive was established as part of the FAA

Center of Excellence ASCENT as a foundational

database o development and iraion f A FT o ALTERNATIVE JET FUELS
curtent and newy emerging aterativ et fuels « TEST DATABASE

by integrating all pre-existing jet fuel relevant test
data into a common archive which can provide

uidelines for design and certification of new jet —  w—
e Fias s £ S = i A EailE LGOI SEE] SUELIEEMS RGE A J FT _ ALTERNATIVE JET FUELS TAT
. TEST DATABASE ASCENT

In the near term, the effort will focus on
integration and analysis of pre-existing jet fuel
tesl data from various gbvernmant agencied and DIRECTORY HOME  ABOUT-  SEARCH  DATABASE P CONTACT  LOG OUT
individual research groups with oversight from feq

Administration (FAA) and the National Institute of
we hope that the database will act as the compre]

by the academic, government, and industrial comn] PRINCIPLE INVESTIGATORS NEWS

faciltated on a cyber-based infrastructure.

The vision i to nstitute a database that can be ut PROF. TONGHUN LEE DR. STEVE ZABARNICK

bropun andenray sysems ncudng devei AJFTD DATABASE DEVELOPMENT

systems, as well as polution miigation technologi tonghun@illinois edu steven zabarnick@udri udayton

screening and certification of newly emerging fuel uiuc UDRI Work is underway to develop 3 comprehensive foundational August 26th, 2015 Z:08pm
and national policy. With proffic diversification of r dstsbase of current and newly emerging sltemnative fuels. This By: Anna Okdani

dispersed information would be crical in providin database will intagrate existing jet fusl data into 2 commen archive, Categorized: News

developments and to support many other tangentig

new alternative jet fuels. providing guidance for future design and certification of novel jet

fuels. Various govemment agenties and research groups across the

Support FAA PROJECT MANAGERS ouniry are contributing data to this =ffort including oversight from
pp bath FAA and NIST. The sim of the datsbazs is to provide 3
NATHAN BROWN DR. MOHAN GUPTA  ANIEL JARDI pEnRIaEd rSoures for Sc3IEME, govEmment, 13 M _
partners in fuel policy and research, helping advance the integration of these new alternative
nathan.brown@faa.gov mohan.l.gupta@faa.gov aniel jardines@fa et fueis.
ADVISORY COMMITTEE NJFCP YEAR 1 REVIEW MEETING
Rolls—Royce‘ The year-end review meeting for the National Jet Fuel Combustion August 24th, 2015 2:05pm
PAMELA CHU TIM EDWARDS MIKE KWEON Program will be hekd right after the MACCCR Mesting on October By: Anna Qldani
Mational Institute of Standards ~ Air Force Research Army Research L 21-2% at the Sandia Combustion Research Faciity (CRF). The first Categorized: News
& Technol Laborat day of the year-end review meeting will overlap with the MACCCR
echnology aboratory Mesting on Fuels and Combustion Research.
ROBERT MORRIS

Naval Research Laboratory

MACCCR MEETING

The £ Annusl Fuel and Combustion Ressarch Review Mesting of
the Muitib-Agency Coordinating Committee for Combustion Research
{MACCCR) will be held on October 13-21 at the Sandia Combustion

AJFTD: Background & Directory —

August 20th, 2015 2:05pm
By: Anna Okdsni
Categorized: News

Relevant News & Updates



AJFTD NJFCP Data Support

« AJFTD will provide
route to make NJFCP
data and
documentation
accessible

* Detailed under Data
Management Plan
(DMP) in compliance
with Public Access Plan
requirements

* To include:
— Publications
— Presentations
— Data analysis results
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FEDERAL AMATION ADMINISTRATION CENTER OF EXCELLENCE ASCENT

AJ FT . ALTERNATIVE JET FUELS
. TEST DATABASE
HOME  ABOUT~  SEARCH

NATIONAL JET FUEL COMBU

The Mational Jet Fuel Combustion Frogram {MJFCH

the: tinve and resources required to certify i

supplementing the curment spproval proj
tion and Approval of Mew Aviation Turbing

from three countries, and five aircraft a
private sector. Academic institutions, fun

work towards the development of maodeli
integrated into ASTM D4054. OEMs provi
these capabilities.

The program is subdivided into sbe main research areas which inclede:
Area 1: Chemical Kinstics Combustion Experiments

Area 2: Chemical Kinstics Model Development & Evalustion

Area 3: Advanced Combustion Tests

Area 4: Combustion Model Development & Evalustion

Area 3: Atomization Tests & Models

Area 6: Referee Swirl-Stabilzed Combustor Rig Evaluation & Support

DATABASE NIECES NEWS

GRAM

the gosl of streamlining
s by

Standard Practice for
itives). The program,
Inci iith representation

| producers from the
Enter of Excellence,
shilities that can be
he development of

CONTACT LOG OUT

Academic partners inclede Stanford University, University of Dayton, Geongia Institute of
Technology, Oregon State University, University of llinois at Urbana-Champaign, University

f Connecticut, and Purdue University. Industry partners include Pratt & Whitney/UTRC,
General Electric, Rolls-Royee, Williams Intemational, and Honeywell. Federal Partners include
the FAA, AFRL, NRL, ARL, DLA, NASA, MAVY, MIST, and DOE.




Database Dropdown Organization

Focus areas

* Fuel component data
« Combustion data

* Engine operability

* Emissions

o B

Data Sources

« Government technical
reports

* ASTM reports

* Pre-existing databases

« Academic literature

Chemical
Kinetics
Data

Testing
Results

Fuel

Properties

» Currently funded work

=P ublications

AAAAAAAAAAAAAAAAAAAAAAAAAAAA

o Alcohols
¥ s

e

|

r Shock Tube

Rapid Compression Machine
GC MS

Engine/Rig Tests

- Production Processes
= Reaction Studies
- Chemical Kinetics

Economic Analyses

- Technical Reports

- Fuel Certifications
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Database Search Functionalities

A J F T ALTERNATIVE JET FUELS =\

- TEST DATABASE ASCENT
HOME ABOUT = SEARCH SUBMISSIONS DATABASE NJFCP ~ NEWS CONTACT LOG OUT ADMIN
DOCUMENT DATABASE

Click on the name of a Data Category below to display documents and other categories organized within it.

O CHEMICAL KINETICS MECHANISMS
O FUEL PROPERTIES
O POSFDATA
O PUBLICATIONS
& TESTING RESULTS
& HPCR DIESEL
« PROPULSION AND POWER RAPID RESPONSE RESEARCH AND DEVELOPMENT (R&D) SUPPORT
+ PROPULSION AND POWER RAPID RESPONSE RESEARCH AND DEVELOPMENT (R&D) SUPPORT
* RAPID RESPONSE RESEARCH AND DEVELOPMENT (R&D) FOR THE AEROSPACE SYSTEMS DIRECTORATE
& SHOCK TUBE
e Cat A and C Ignition Delay Times in Air
&= TESTRIG
« PROPULSION AND POWER RAFPID RESPONSE RESEARCH AND DEVELOPMENT (R&D) SUPPORT
s U.S. AR FORCE HYDROPROCESSED RENEWABLE JET (HRJ) FUEL RESEARCH

Alternative Jet Fuel Test Database

AJFTD is funded through the Federal Aviation Administration Office of Environment and Energy
as part of the FAA Center of Excellence ASCENT Project. Any opinions, findings, and

Main Contact: Professor Tonghun Lee
Mechanical Science and Engineering

conclusions or recommendations expressed in this material are those of the authors and do University of llinois at Urbana-Champaign

not necessarily reflect the views ofthe FAA or other ASCENT sponsaors,

m'l T T T N T C IleEﬁ

1206 W. Green Street
Urbana, IL 61801

Phone: 517-290-8005
Email: tonghun@illinois. edu

A _______/ \_______/
A4 \____J
w A w
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— Search AJFTD Media:

Use one or more fields below to search our database. You can search using multip]
Authors have been entered in last-name, first-name format (e.g. FPublic, John Q); el
in the same format.

Keywords:

Title:

Author:

Publication:

DOI:

Year:

Data Type:

All Types v
Information Type: All Types -

Reset Form

* Familiar file folder breakdown to view all documents in relevant categories
- Database also accessible through basic or advanced search
« Additional fields in advanced search:

- Data Type: PDF, excel, .csv

« Information Type: Publications, Data, Standards, Reports



Current POSF Data

DOCUMENT DATABASE

Click on the name of a Data Category below to display documents and other categories organized within it.

O CHEMICAL KINETICS MECHANISMS
(O FUEL PROPERTIES

E POSF DATA
0 12223

O 4751
O 4909
O 5033
O 5109
O 6152
O 8153

POSF 12223 DATA

+ Received: 01/05/2015

« Fuel Type: C14:1,3,5-Trimethyl-benzene (9405:10447) Blend
+ Quantity: 475 gallon(s)

* Origin:

« Description: 84/16 Blend of POSF 9405 (C14) & POSF 10447 (1,3 5-Trimethyl-benzene)

Download Data:

POSF 12223 Fuel Properties 01/07/15

POSF 12223 Fuel Properties 01/27/15

POSF 12223 Met Heat of Combustion and Hydrogen Content

A _______/ \_______/
A4 \____J
w A w

ASCENT
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* Fuel Types:
— Conventional (JP-8)
— Biojet, HEFA
— Blends
— IPK, SPK, F-T

AFPET LABORATCRY REPORT
AFPAR/PTPLA
2430 C Street
Building 70, Area B
Wright-Patterscon AFE, OH 45433-7832

Lab Report No:Z015LAS52622001
Cust Sample No:12223
JCN: GENERAL FUND

Sample Submitter:

AFRL/RQTF

1750 Loop Road N

Bldg 490

Wright-Patterson AFB, OH 45433

Reason for Submission:

Date Received:01/27/15 0903 hrs*
Date Reported:02/13/15 1436 hrs*

AFRL Research

Product: Aviation Turbins Fuel, Kerosens

Specification: MIL-DTL-83133H w/Amd 2

Grade:JP-8

Oty Submitted: 1 gal

Date Sampled: **
Protocol:FU-AVI-0019

Method Test Min Max Result Fail
MIL-DTL-83133H w/Zmd Workmanship Pass
2
LSTM D 3242 - 11 Total Acid Number (mg ROH/g) 0.015 0.002
ASTM D 1319 - 14 Lromatics (% vol) 25.0 17.6
ZsSTM D 3227 - 13 Mercaptan Sulfur (% mass) 0.002 0.000
ASTM D 86 - 12 Distillation
Initial Boiling Point (°C) 172
10% Recoversd (°C) 205 130
20% Recovered (°C) 138
50% Recoversd (°C) 224
90% Recoversd (°C) 233
End Point (°C) 300 236
Residue (% vol) 1.5 1.1
Loss (% vol) 1.5 0.8
ASTM D 93 - 13el Flash Point (°C) 38 58
ASTM D 4052 - 11 Density @ 15°C (kg/L) 0.775 0.840 0.782
ASTM D 5972 - 05el Frsszing Point (°C) -47 -45 X
AS™M D 976 - 06 Cetane Index, Calculated Report Only 61
(2011)
LSTM D 1322 - 14 Smoke Point (mm) 25.0 20.0
ASTM D 130 - 12 Copper Strip Corrcsion (Z h @ 100°C) 1 (Max) 1a

10



Data Downloads Available

\ 4 A\ 4
\___J \___J
w A w

U.S. AIR FORCE HYDROPROCESSED RENEWABLE

JET (HRJ) FUEL RESEARCH

Report Number: AFRL-RQ-WP-TR-2013-0108

This report summarizes the specification, fit-for-purpose, and rig test results fo
purchased HR.J fuels, as well as data collected on other fuels
to support ASTM Research Reports in su commercial certification.

ir Force

ASCEN
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AFRL-RQ-WP-TR-2013-0108

MADPNETTET RESTADRDCEH

=] E
Download POF e HOME | INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW
alle —
0 g{,cm Calibri 1A T == 8- SEWapTet General
" ERy Copy -
M \ Paste  Format Painter B I U-~ === &EE Merge&Center - 5%
i X X - X h X Clipboard [F] Font s Alignment [F] Numbe]
Keywords: alternative fuels \synthetic fuel, aircraft certification, airworthiness c| s %
- e
certification, hydrotreated renew: et, hrj, hydroprocessed esters and fatty 4
' . A B cC D E PG H I J K L | N C P CR
test results POSF 6406 6184 5675|5674+ 5673|5469 +
+JP 8 +JP 8 +Joth |JetA +JotA |JetA
Feedstock Tallow Cameli Camelina | Camelina | Cameli R-8 Mixed
Jatropha | Jatropha | Jatropha Fats
Alnae Alnae Alaae
Designation 50/50 Blend |50/50 Blend |CAL Blend |JAL Blend [ANZ Blend [50/50 Blend
: 5 D1319 (vol %
Discuss this Document vol %)
Aromatics 9.4 9 9.1 8.7 9.3 7.8
Olefins 13 0.9 0.5 0.7 0.7 0.5
- Saturates 89.3 90.1 90.4 90.6 90 N7
Hil= I cnt here Table 7. Aromatic Content by D1319 for HRJ Blends
19 POSF 6308 6152 4909 6169 (4751 5470 7272 5469
Feedstock Tallow |Camelina |Nat Sea |Mixed Mixed
11 Gas Plants (Fats Fats
Designation HRJ8 HRJ8 FT SPK |JP8 JP8 HRJ8 HRJ8 HRJ8
. - R8X R& R&
. Prod Pilat
* Formats include:
13 | (volume %)
Paraffins 98 50 97 & 19 96 98 1
— PDF, D XLS, TXT, DAT 4 inom s
1 1 1 1 15 | Cycloparaffins 2 10 3 26 30 3 2 9
15 Alkylbenzenes =03 |<03 <03 10 13 |06 <03 04
17 Indans and Tetralins |<0.3 0.3 0.3 32 58 <0.3 0.3 0.3
o Extracted tables from PDFS | rswesicis{os o {ffos s fos—fes
19 Naphthalene <0.3 0.3 <0.3 0.3 0.3 <0.3 «0.3 0.3
available as XLS files B F A U R O
21 |POSF 6308 6152 4309 6169 4751 5470 7272 5469
22 |Acenaphthenes <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3
23 Acenaphthylenes <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3
24 |Tricyclic Aromatics <03 =03 <03 <03 <03 <0.3 =03 <03
25 Total 100 100|100 100 100 100 100 100
26 |Table 8. Hydrocarbon Type Analysis by D2425 for HRIs, F-T SPK, and JP-8s (vol %)

T

11



Near Term AJFTD Extended Analysis -4\~
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- Specification review paper
— Provide statistical analysis of variance of AJF data provided in
D4054 FFP report

— Develop property-temperature relationships for various fuel types
- Generate specification property values ranges

— Extend CRC WFS 2006 report with additional AJFTD data
« Compare conventional fuels against AJFs for various specification
requirements

« Support ASTM Generic Annex work for AJF blending
— Desire to introduce AJFs at lower blending limits to streamline
approval pipeline
— Evaluate fuel blending prediction tools to check blend properties
 NRL FCAST chemometric software

ER

12



Sample Data from D4054 FFP Report </\+-

(C. Moses, 2015)
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CRC World Fuel Survey
North American fuels
JetA
Jet A1
JP-5
— JP-8
D1566 Density limits
CRC Handbook
Jet A, JP-8
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FUEL TEMPERATURE, °C
Figure 1-a. CRC World Fuel Survey
~
D1655 Density limits
CRC Handbook

OGEVO
BGEVO/JP-8
ANeste
#Renjet/JP-8
©Renjet
®KiOR/Jet A 30/70
=Amyris/JP-8
+Swedish/JP-8
xVirent/JP-8
*ARA/JP-8

-60

-40 -20 0 20 40 60 80 100
FUEL TEMPERATURE, °C

Figure 1-c. 2nd Generation Renewable

Fuels and Blends

DENSITY, kg/m3

880 TER
Synthesized Kerosenes & Blends
860 (all F-T and HEFA)
840
D1655 Density limits
CRC World Survey limits
820
CRC Handbook

800 \e/.let A, JP-8
780

®UOP-2/Jet A-1
760 | wuoP-4/Jet A-1

®R-8/Jet A

W Sasol IPK/Jet A-1
740 | #Syn S-8/JP-8 AShell GTL

AShell GTL/JP-8 OSasol GTL-1

@Sasol GTL-1/Jet A xSasol GTL-2/Jet A
720 | ASasol IPK/A ©Renjet

#Renjet/JP-8 Sasol FSJF-1

Sasol FSJF-2 Sasol FSJF-3
Sasol FSJF-4
700
-50 -30 -10 10 30 50

FUEL TEMPERATURE, °C

Figure 1-b. F-T and HEFA Fuels and Blends

Conclude HCs have similar
temperature dependence for
evaluated properties independent
of processing method

13



Property Data Analysis

- Significant slope variance in all
evaluated property categories except

surface tension
— Properties are still within allowable
specification range
* e.g. SKA density @ 15°C

— 95% CI: 769.6 — 801.6 kg/m3
— Spec requirements 755 — 800 kg/m3

- Equations can provide expected range
of values for specification properties

Fuel Types with

U HEIERS Significant Variance

Density SKA
Isentropic Bulk Modulus HEFA, FT
Specific Heat FT, FSJF
Speed of Sound HEFA
Viscosity SKA, HEFA

*No thermal conductivity data for WFS fuels

AAAAAAAAAAAAAAAAAAAAAAAAAAAA

Density Equation

y=-0.7216x +815.5

WFS w. light+heavy

y=-0.7225x +815.5

FT

y=-0.7376x +777.7

SKA y=-0.7439x +796.8
Renewable y=-0.7419x +796.9
HCs 1 y=-0.8881x +826.9
HCs 2 y=-0.8651x +825.5
CRC y=-0.7723x +817.7

Surface Tension

Equation

WFS y=-0.0751x +27.4
FT & HEFA y=-0.0741x +25.9
SPK y=-0.0800x +25.9
Renewables y=-0.0771x +26.7
CRC y=-0.0443x +16.0

Viscosity Equation

FT y=2.999*0.9758x
SKA y=3.091*0.9815x
HEFA y=2.894*0.9777x
WFS y=2.849*0.9750x
2nd Gen y=3.262*0.9708x
HCs y=1.850*0.9890x

14



WFS and AJF Property Evaluation

Utilized AJFTD data to extend results from CRC WFS

2006 report

— Obtained data for additional AJF POSFs used in ASTM approval

reports to compare conventional and AJF specification

properties
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ASTM Generic Annex Proposal =N\~

- Streamline certification process independent of resource
processing based on composition and final blend
— No prototype testing
— Sets conservative limits — AJF blend ratio (~10%)

* Provide confidence that blends are controlled on

composition as compared to other annexes

— Allows producers get closer to production much earlier and
secure funding by reducing risks

— Gives OEMs confidence new blends won’t impact durability
performance or safety

— Saves time and resources for evaluating new fuels

16



Fuel Property Blending Tools I\~

AVIATION SUSTAINABILITY CENTER

 NRL FCAST: Navy Fuel Composition and Screening Tool
— Developed to pre-screen new fuels
« Utilizes PLS Regression analysis to establish statistical relationship
between composition and critical FFP fuel properties
» Predict analyzed fuel properties from GCxMS data
* Individual compound abundance estimates
 Carbon distribution of total fuel with class breakdown

— Provides route to predict fuel properties of possible fuel blends

« Developed to preserve robustness in presence of new, uncalibrated
data — important for alternative fuels

» Future adaptation to employ other data inputs (e.g. GCxGC data)

17



NRL FCAST

File Process Settings Help

GCMS ion | 1

Distribution | Compound Class Distribution l Distillation Curve l Labled Peaks
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FileName : C518-F76.D
Sample Info: C518

Instrument: Gemini

Method: FUELGCMS35SPLIT
Date: 10/25/2013

(Operator: ial

Processed on: 9/10/2014
11:59:38 AM

Processed with : 2.6.0.0/2.0

[17m1712

| 5642

Properties
Jet

2000000
1500000
1000000

500000

= 31.488

RT

dloscl il

—

0

5.00

45.00

Tetradecane @ RT : 31.488 - MF =915

{] Diesel

Profile

Property
| Density (a/cm3) [D4052]
Flash Point ("C) [D33]

Viscostty (-20C) (C)[D445]
Viscosty (40C) (C)[D445]
Pour Point (°C) [D5949]
Cloud Point (°C) [D2500]

Freeze Point (°C) [D5972]

Cetane Index [D976]

Aromatics (vol %) [D6379]

Olefins {vol%) [D1319]
Saturates (vol%) [D1319]
Naphthalenes (vol%) [D1840]

Hydrogen {wt%) [D3701 D3343]

FSlI (DiEgme) (wt %) [D5006]

<[

- Normal Alkanes : 18-21.6%
-Pentadecane :29%
~Hexadecane : 2.6%
Nonadecane : 25%
Heptadecane : 24%
Octadecane : 2.0%
Tridecane : 1.5%
-Eicosane : 14%
Heneicosane : 0.9%
Dodecane :0.9%
~Hexacosane : 0.7%
~Undecane : 0.6%
Heptacosane : 05%
Decane:0.3%
~Nonane :0.1%
Octane : <0.1%
Heptane : <0.1%
-n-Hexane : <0.1%
.

Tetradecane

Data Files Processed : 1242 of 1242 from C:\Users\robert_morris\AppData\Local\Naval_Research_Laboratory\FCAST\

 NRL FCAST (Fuel Composition & Screening Tool)
— Provides GCxMS interpretation and modeling tools:

* TICs

« Hydrocarbon compositional profiles
« Chemical structures of compounds present
* Relevant ASTM fuel specification property predictions

T
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FCAST Blend Prediction Capabilities
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Calculated blend done by
proportional blending of TIC
profiles

Generally <5% difference
between calculated blend and
actual blend predicted spec
properties
— FCAST provides ASTM
relevant spec property

4000K — _
I
2000K —
el S 1La~,[k}~+,+-,.,._«4._lx__g_Lm_ll |
2.00 22.00
50:50 A1 (10264) :C1 (11498) blend
calculated TIC (L), actual TIC (R)
% Difference 90:10 70:30 50:50 30:70 10:90
Density (g/cm3) [D4052] 1.19%|  0.48%| 0.00%|  0.36%|  0.12%
Flash Point (°C) [D93] 4.90%|  2.01%|  8.79%|  3.31%|  2.50%
Viscosity (-20°C) [D445] 4.83%|  4.09%|  3.01%|  3.74%|  2.37%
Viscosity (40°C)[D445] 7.26%|  5.06%| 13.21%| 8.56%|  1.16%
Pour Point (°C) [D5949] 0.79%|  0.30%| 5.16%| 2.29%| 0.71%
Cloud Point (°C) [D2500] 7.56%|  2.48%|  3.93%| 2.71%|  4.72%
Freeze Point (°C) [D5972] 0.72%|  0.57%| 3.76%|  1.67%|  1.92%
Cetane Index [D976] 1.75%|  0.22%|  0.86%|  0.22%| _ 0.00%
Aromatics (vol%) [D6379] 5.80%| 3.38%| 6.22%| 1.95%| 0.47%

predictions

Can be used to support goals
of ASTM Generic Annex for
fuel blends
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GCxGC Fuel Analysis — Year 4 TAT

Two-dimensional gas chromatography
— Pair of GC columns connected in series through a modulator
— Provide more detailed fuel analysis than conventional GCxMS

GCxGC data for AJFs supplied in ASTM approval reports
for new fuels

Efforts to formalize specification procedure to standardize

methods across labs

— Groups modify technique according to fuels tested and analytes
of interest

Generally used for HC type classification but can also be
used for polar analyses and other impurities
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GCxGC Fuel Analysis — Year 4 /N~
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* Analysis results can be reported:
— Molecular types indexed to n-alkanes
— Molecular type homologous series by carbon number
— User specified resolved compounds or molecular type groups

* Image represents:
— X-axis: retention time from primary column
— Y-axis: retention time from secondary column
— Coloring: FID signal intensity

di-Aromatics

mono-Aromatics

GCxGC data for 7890A diesel fuel showing boiling point distribution and hydrocarbon class clusters
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Future Work Y A
* Inclusion of new data areas
— Emissions
— GCxGC - evaluate existing data from AFRL and other groups
— Rig testing
— Etc...

- Database enhancement
— Fuel type summary tool — generate updated testing results for

various fuel categories
* Increases user accessibility to view most recent AJF fuel property
data

« ASTM Generic Annex support
— FCAST and other tools for blend property predictions to support
blending limits
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