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Disclaimers

* The author is a contractor working with the Air Force Research

Laboratory/711th Human Performance Wing. The views and opinions
expressed in this presentation are those of the presenter and do not reflect the

official guidance or position of Eagle Integrated Services, LLC, the United
States Government, the Department of Defense, the United States Air Force, or

the United States Space Force.

* The products or technologies shown are provided for illustrative purposes only
and do not constitute an endorsement or recommendation of any specific
product.

« Unless otherwise noted, imagery in this document are property of the United
States Air Force.

Distribution Statement A. Approved for public release, distribution is unlimited. AFRL-2026-1204, 30-JUN-2026 3



(/»
\.
=

AFRL

Combustion produces complex exposures

https://www liveabout.com/3e7x1-fire-protection-air-force-job-description-3344332

Benign aircraft relevant materials, when burned, can
release toxic byproducts

* Materials and chemicals found on board aircraft
that could impact pilot breathing air

* Big 3: hydraulic fluid, turbine oil, and
electronic coolant
Acute inhalation hazards are of primary concern

Sensors and models can help inform decisions:

 Forensic attribution — where did the leak
come from?

* Site/mission risk assessment

* What type of response is needed? Do | need
personal protective equipment (PPE)?

* Which materials are safer when burned?
* Which byproducts should be mitigated?

AIR FORCE RESEARCH LABORATORY
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Trained Chemical Detectors for Field Forensic Attribution

Fieldable detector evaluation and enhancement Predictive chemistry modeling towards forensic
with high-throughput combustion test fixture attribution

Exp. Temperature [C]

Performance Goals .
Reliable predictions : —
. . —— 1ADCE
Quantified uncertainty \
. . . - L. ge— %
Forensic attribution 8 e \
% 0.6 Acetylens II"'.’
g HCI
£ o4
Challenges & T e
Limited detector library ?# [ = Chiorosthyne -
Limited detector sensitivity 0 -
L 400 450 S00 550 600 E50 F00 750
Unknown conditions Model Temperature [C]

./

e Enhance chemical detector to make it tunable for forensic attribution

AIR FORCE RESEARCH LABORATORY
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ﬁ hermal Degradation Studies — 1,1,2-Trichloroethane \ Health Risk Models
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Chemicals and Mixtures to Burn

* 10 chemicals/mixtures chosen in collaboration with AFRL

« TPP/TCP - Hydraulic fluid: RADCOLUBE FR282 (MIL-PRF-83282)

* Dodecane - Hydraulic fluid: RADCOLUBE RHP5606 (MIL-PRF-5606)
* Methyl methacrylate - Turbine Oil: TURBONYCOIL 160 (MIL-PRF-7808)

* 1-Decene - Turbine Oil: ROYCO 899 23699CI| (MIL-PRF-23699)

* Naphthylamine/Aniline - Electronic Coolant: RADCOLUBE 500M (MIL-PRF-87252)

» Chosen with the following criteria:

AIR FORCE RESEARCH LABORATORY

TCP: Tricresyl phosphate
TPP: Triphenyl phosphate

Presence/use on the plane(s) of interest (by quantity purchased and availability, from
Aircraft Contaminants Project report™)

Part of the “Big 3" — hydraulic fluid, turbine oil, electronic coolant

Chemical is toxic OR has reasonable expectation that degradation products might be
toxic

Utility of chemical for forensic attribution —i.e., is it unique to one of the Big 3 or degrades
differently based on mixture components

Experimental/modeling constraints

*Cowan et al. AFRL-RH-WP-TR-
2026-0004, AD1357183

Distribution Statement A. Approved for public release, distribution is unlimited. AFRL-2026-1204, 30-JUN-2026
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Schematic of Aircraft Fluid Combustion System with IR Devices

FTIR: Fourier-transform infrared spectrometer; GC/MS: gas chromatograph/mass
spectrometer; IMS: ion mobility spectrometer; XplorIR®: hand-held infrared spectrometer

AIR FORCE RESEARCH LABORATORY

Purified process air
Syringe pump fluid injection
Particle trap removes large particles

Chemical analysis

FTIR
IMS
XplorIR®
GC/MS

Purified
Process

Syringe
Pump

-

Humidity
Generator

Dilution

MFC

Long Pathlength Cell
FTIR

: > Airsense

. | Raspberry

Pi

| Ethernet

.................

GDA

o ™ XploriR

.............

..........................................

Serial Communications

Markes TT 24-7

NRT

GCMS
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o S FTIR Data into Chemical Concentrations

XplorIR ,

; 7_ Formation of combustion byproducts versus temperature from
| 7_ combustion of RADCOLUBE FR282 hydraulic fluid
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S a0l —J—Benzene i
i co2
= —F— Carbon monoxide
3 —F— Ethene
g 600 — —1— Formaldehyde 1
o —F— Formic acid
—F— Methane
400 |~ —
200 - —
| | \ | |

0
200 300 400 500 600 700 800 900 1000
Temperature [C]

AIR FORCE RESEARCH LABORATORY
Distribution Statement A. Approved for public release, distribution is unlimited. AFRL-2026-1204, 30-JUN-2026 9



%%

A

> AFRL
Enhance Computational Predictive Tools for Forensic Attribution
MIL-PRF-83282 1330-78-5
B ";./ i / <> MIL-PRF-83282 > 90-30-2
# i MIL-PRF-5606
Identify relevant chemicals from Air Force 88-27-1
platforms, MIL-STD and SDS
Apply computational tools to all relevant and
related chemicals, and to mixtures of
chemicals L
EN  Apply lab analysis and chemical kinetics
: : : = Rexgen
models to selected chemicals from library in (1) Bl o — PI I |q . & -
n Generate modeled pathways for chemical L oo i ~—7 XG-ar lohey
reactions under a variety of conditions for hih levl digram of manual and 1L 2ucmeries workfows

comparison against experimental data

MIL-STD: military standard; SDS: safety data sheet

AIR FORCE RESEARCH LABORATORY
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Relative Concendration

Exp. Temperature [C]
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Generating Modeled Pathways

Parent Concentration  Temperature Residence Time
compound(s)

_ %%%%%%%% —_— —

TPP & N, 0.1% TPP 0.1% TPP @ 850 °C 0.1% TPP @ 850 °C for 0.001 sec
1% TPP 0.1% TPP @ 900 °C 0.1% TPP @ 850 °C for 0.01 sec
10% TPP 0.1% TPP @ 1100°C 0.1% TPP @ 850 °C for 0.1 sec

Example:

Scaling example: 6 parent compounds=> ~24K unique condition combinations
and >400 distinct product compounds

Pathway: Final product compound concentrations given a specific parent compound

mixture, temperature, and residence time

sec: second

AIR FORCE RESEARCH LABORATORY
Distribution Statement A. Approved for public release, distribution is unlimited. AFRL-2026-1204, 30-JUN-2026 11
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How Do We Turn Experimental and Modeling Data into Forensic
Attribution?

Experimental data from fieldable detectors / \ Modeled pathways of combustion reactions

TPP Samples
1.75 A
water () Modeled pathways are vast and
. 1.50
Carbon monaxide ([C-4{0+] don’t take into account:
Methane (C) 1.25 4 TPP(1)
S HOPO(19)
3 peneene (cxcecect) - What is plausible in the ‘real g 1001 ool
o2 (0=C=0) World’ E 0.75 .
Formic acid (0=CQ) Pos(l?}
- What can actually be CO(59)
B , 0.50 1 co2(75)
Triisoprapylphosphite (CC(C)OP(OC(C)C)OC(C)C) o
; . . ‘ . measured by any specific
10-8 1077 106 1075 1074 . 0.25 A
Concentration (log scale) d eVI Ce
0.00

T T T T T
500 600 700 800 900
Temperature

» Statistical comparison tools map experimental results to modeled pathways

AIR FORCE RESEARCH LABORATORY
Distribution Statement A. Approved for public release, distribution is unlimited. AFRL-2026-1204, 30-JUN-2026 12
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Combining Modeling, Detector Capabilities, and Measurements to Inform Forensic
Attribution

Modeled and measurable, but not measured

Modeled (Q)

Modeled final compounds of pathway N Pathway Final

Forensic attribution: identifying initial/parent compounds of reaction

I}{Iodlellng prod:ces 1,004%5Kif : ) Measurable
inal compound across ompounds
pathways from a set of initial CRmPEUIE a 2 ¢ o z Compounds
compounds and conditions Conc. (ppm) 25 10 5 ) 0 Modeled but Measurable,
not but not
Measurable compounds measurable modeled or
iliti ' (Y) measured
Detector capabilities establish e — A B C v 7
what can be detected
Min. Threshold (ppm) 1 5 .5 -- 5 Modeled and Measured Measured but not
measured (A, B) modeled (Z)
Measurable final compounds of pathway N Compounds

Modeling outputs are filtered to Compound A B C Y Z

align with detector capabilities
Conc. (ppm) 25 10 5 -- 0 /V Score 31 15 60

A physical event is measured Y
PRy . Compound A B C Y YA Pathway N has Likely initial/parent
with the detector initial/parent »| compounds from physical
Conc. (ppm) 30 15 0 =" 6 compounds o and event similar to a and B

High similarity between pathway and detected

Similarity score determined between every modeled pathway’s measurable final compounds and
compounds = forensic attribution

detector measurement

*A pathway is a record of final compounds for a specific set of initial compounds and conditions Conc.: concentration: Min: minimum: N: natural number variable; ppm: parts per million

AIR FORCE RESEARCH LABORATORY
Distribution Statement A. Approved for public release, distribution is unlimited. AFRL-2026-1204, 30-JUN-2026 13



AFRL

Example: Evaluating Attribution with Modeling Data

Combustion of TFE in
1decene: (0.17)

Pyrolysis of TFE:
(0.89)

1. Known pathways 2. Select pathway

100 100

1071 101
Pyrolysisof TFE (4%), ~ EZZZZZZSZZZSSCSooooCESooooooooSoooZSoISooooooIooo| 00 EoooooooooooooooooooooooooooozETooc=—=sit
temp: 1350 K 1072 102 e .
residence time: .0625 sec
1073 1073
3. Select a few high-concentration chemicals 10 10
from pathway to be “measured”
=5 =5
modeled final “measured” conc. 10 10
chemical label concentration with 25% error 106 10-6
T T
CF4 . 5.6% 4.2% 400 600 800 1000 1200 1400 400 600 800 1000 1200 1400
0,
e =hi 2.8% temperature temperature
C8F10 (2)* 1.6% 2%
c7F8 5% 6% Pyrolysis of TFE: Pyrolysis of
4. Compare pathways against measurements (0.93) aniline: (0.17)
- 100 107 5
pathway id score Category : 3
1 92.9% Pyrolysis of TFE 10-1 1 10-1 _
2 92.8% Pyrolysis of TFE T rp— ----::‘-::::: 555 — FelelF)e(F)c(C(F)(F)F)C(CIF)(F)F)CIF =
3 92.8% Pyrolysis of TFE 10-2 LG 3 1021 | — FAcEICRIRRIEKICFIFRIF
g Zi::f gyro:ysﬁs O:I: -3 : -3 i — EE(ITCF;EFC(CKFMHF)CI(FIF)C21F)F
L0 YTOYEE 0 10 [ 10779 | -+ FePIFIF (measureq)
. e ey . | ] ——-
5. Estimate initial species - ] FeLe(F)c(CIFIFIFIC(FICICIF)FIFICLF (measured)
P 10 Best match: | 10 “'; -=- Fele(Fe(FIc(CIF)IFIFICCIFNFIFICIF (measured)
pathway Initial " Pyrolysis of TFE (8%), : . 1 | --- Fe1=cac(=C(CF)FIFICLIFIFIC2(FIF (measured)
id score Category compound | conc. 10 temp: 1350K I 10 E
92.9% | Pyrolysis of TFE TFE 8.0% 10-6 residence time: 1.0 sec : 10-5 ]
R 5 T T T T T T T
92.9% | Pyrolysis of TFE N2| 920% 400 600 800 1000 1200 1400 400 600 800 1000 1200 1400
Combustion of temperature temperature
100 16.7% | TFE in 1decene 02 15.8%
10.16.7 | Combustion of
100 % | TFE in 1decene 1decene 15.8% H H H H H H
e = Limited measurable compounds and concentration variance drive a different
101 16.7% | Pyrolysis of aniline aniline 8.0%

AIR FORCE RESEARCH LABORATORY

best match pathway, but parent compound prediction is unaffected

TFE: tetrafluoroethylene

Distribution Statement A. Approved for public release, distribution is unlimited. AFRL-2026-1204, 30-JUN-2026



A Forensic Attribution Capability

RADCOLUBE FR282

(MIL-PRF-83282)
>
Initial compounds:
UNKNOWN ]
fieldable detector

hydraulic fluid 950 °C

Modeled Pathways
Final Compounds

compound

Triisopropylphosphite (CC{C)OP{OC(C)C)OC(C)C)

Water (O)

Carbon monoxide ([C-]1#[0+])

Methane (C)

Benzene (clccceccl)

CO2 (0=C=0)

Formic acid (0=C0O)

T MR | T T
1075 1073 10-*
Concentration (log scale)

1078 1077

Similarity
Analysis

description

Similarity analysis ranks aniline high, and RADCOLUBE FR282’s

compounds are similar to aniline
CAS-No. .

GHS US classification

1-Dodecens, polymer with 1-decene, hydrogenated  151006-60-9

Alkylated amine®

0-70

Trade Secret <5
AIR FORC

Asp. Tox. 1, H304
Repr. 2, H361

Combustion of aniline in 1decene
Combustion of aniline
Combustion of aniline and naphthylamine !
Combustion of naphthylamine in 1decene
Combustion of TFE in 1decene
Combustion of C6H5CH3
Combustion of TPP in A1CH3
Combustion of TPP
Pyrolysis of TPP in A1CH3
Combustion of TFE
Pyrolysis of ldecene
Pyrolysis of C6H5CH3
Pyrolysis of aniline
Pyrolysis of aniline in 1decene
Pyrolysis of TFE in 1decene
Pyrolysis of naphthylamine in ldecene
Pyrolysis of aniline and TFE
Combustion of naphthylamine
Pyrolysis of TFE
Pyrolysis of naphthylamine

. i . BN score
Pyrolysis of aniline and naphthylamine

0.0 0.2 0.4 0.6 0.8

1.0

STOT RE 2, H373
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\/ A Forensic Attribution Capability AFRL
1
TPP in Toluene 01
0.01
0.001
Initial compounds: > » o001
UNKNOWN ).00001
S fieldable detector 000001 CHs
700 °C 000001 0
—
1E-08 P—
0\
1E-09 0o
Modeled Pathways ro
. Carbon dioxide Carbon Toluene Tri-p-cresyl Water
F| nal COm pOU ndS monoxide phosphate
[
Combustion of aniline in 1decene
Combustion of aniline ‘
S. I .t Combustion of TPP ‘
Iml a rl y Combustion of TFE in decee
2 Combustion of TPP in A1CH3
An d |yS IS Combustion of naphthylamine in 1decene
Pyrolysis of aniline in 1decene
5 Pyrolysis of TPP in A1CH3
= Pyrolysis of aniline
= Pyrolysis of C6H5CH3
b Pyrolysis of TFE in 1decene
3 Pyrolysis of 1decene
Pyrolysis of naphthylamine in 1decene
Combustion of TFE
Combustion of aniline and naphthylamine
Pyrolysis of aniline and naphthylamine
Pyrolysis of aniline and TFE
Pyrolysis of TFE
Pyrolysis of naphthylamine I score
Combustion of naphthylamine 1 : : : :
0.0 0.2 0.4 0.6 0.8 1.0

AIR FORCE RESEARCH LABORATORY
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TPP in Toluene

Initial compounds: >

UNKNOWN

S fieldable detector
700 °C

Modeled Pathways
Final Compounds

0.1

0.01

0.001

0.0001

).00001

000001

000001

1E-08

1E-09

1E-10
Carbon dioxide Carbon
monoxide

Similarity
Analysis

AIR FORCE RESEARCH LABORATORY

description

I
:

Combustion of TPP
Combustion of C6H5CH3
Combustion of TPP in A1CH3
Combustion of aniline

Combustion of aniline in 1decene
Combustion of naphthylamine in 1decene
Pyrolysis of TPP in ALCH3

Combustion of TFE

Pyrolysis of CBH5CH3

Pyrolysis of 1decene

_Ws of naphthylamine in 1decene

Pyrolysis of naphthylamine

Pyrolysis of aniline and TFE

Pyrolysis of aniline

Pyrolysis of TFE

Pyrolysis of TFE in 1decene

Pyrolysis of aniline in 1decene

Pyrolysis of aniline and naphthylamine
Combustion of aniline and naphthylamine

Combustion of naphthylamine

o]

Il
o™ l\

'U

Toluene Water 0

I

] =" N Jfl
| |
Ll
L]
Ll
Ll
. score
0.2 0.4 0.6 0.8 1.0

0.0

Distribution Statement A. Approved for public release, distribution is unlimited. AFRL-2026-1204, 30-JUN-2026
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Dodecane

Initial compounds:

UNKNOWN

700 °C

Modeled Pathways
Final Compounds

AIR FORCE RESEARCH LABORATORY

>

(-

0.1
0.01
0.001

fieldable detector

»  0.0001
).00001
000001
000001

1E-08
1E-09

He—on AFRL
3

H,C —CH,

EC ='CHE

Carbon Ethane Ethene Formic Methane Methanol Water Carbon

monoxide

acid dioxide

Similarity
Analysis

Combustion of naphthylamine in 1decene -j—
Combustion of ldecene -pm—

~ Combustion of aniline -je—

Combustll_on OI an!Ieln dcene ——

description

Combustion of TFE in 1decene
Combustion of TPP

Combustion of TPP in AICH3
Combustion of aniline and naphthylamine
Pyrolysis of TPP in ALCH3

Combustion of TFE

Pyrolysis of aniline in 1decene
Pyrolysis of 1decene

Pyrolysis of TFE in 1decene

Pyrolysis of C6BH5CH3

Pyrolysis of aniline

Pyrolysis of naphthylamine in 1decene
Pyrolysis of TFE

Pyrolysis of aniline and naphthylamine
Pyrolysis of aniline and TFE
Combustion of naphthylamine
Pyrolysis of naphthylamine .

0.0 0.2 0.4 0.6 0.8 1.0

W score

Distribution Statement A. Approved for public release, distribution is unlimited. AFRL-2026-1204, 30-JUN-2026 18



Y A

Results Trends

AT

* Pure compounds are easier to distinguish

» Triphenyl Phosphate (TPP) in toluene
 Dodecane

Mixtures have some unique products
» Turbonycoil 160 — ethyl formate

« Radco Lube 500M — acetic acid & octane
 FR282 -7

|dentification is easier at lower temperature

* More unique products exist at 300 °C versus 1000 °C
« Water and carbon dioxide can swamp the infrared

detector

Pathways reflect these trends, but are “rigid”

* Never expect to get 100% agreement between modeled

pathways and field measurements

AIR FORCE RESEARCH LABORATORY

Can experimental data be added to pathways?

1000 °C

J

Measured Compounds

at 300C TPP
Acetic acid

Carbon dioxide X
Carbon monoxide
Ethane

Ethene

Ethyl formate
Formaldehyde

x

Formic acid

Methane

Methanol

Octane

Toluene

Tri-p-cresyl phosphate
Water

< <]

Measured Compounds

at 1000 C TPP
Acetic acid

Carbon dioxide X
Carbon monoxide X
Ethane

Ethene

Ethyl formate
Formaldehyde

Formic acid

Methane

Methanol

Octane

Toluene |Z|
Tri-p-cresyl phosphate
Water X

AN

Dodecane TC160 RADCOLUBES00M FR282
X X X X

X X X

X X X X

X X X X

X X X X

é X X X

X X X X
Dodecane TC160 RADCOLUBE500M FR282
X X X X

X

X X X X

X X X X

Distribution Statement A. Approved for public release, distribution is unlimited. AFRL-2026-1204, 30-JUN-2026
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Next Steps

» Complete burns of all 10 chemicals/mixtures chosen

- TPP/TCP - Hydraulic fluid: RADCOLUBE FR 282 (MIL-PRF-83282)

» Dodecane - Hydraulic fluid: RADCOLUBE RHP5606 (MIL-PRF-5606)

* Methyl methacrylate - Turbine Oil: TURBONYCOIL 160 (MIL-PRF-7808)

* 1-Decene - Turbine Oil: ROYCO 899 23699CI (MIL-PRF-23699)

» Naphthylamine/aniline - Electronic Coolant: RADCOLUBE 500M (MIL-PRF-87252)

» Perform forensic attribution framework on results from fieldable devices and ground-truth instruments to fully
assess extent of performance enhancement

» Deliver forensic attribution modeling workflow and IR algorithm for AFRL field test of capability

* Modeling workflow in use by Air Force; includes both input of alert data from fieldable device and
capability to drawdown raw spectra, analyze, and input into forensic attribution workflow

» Detailed instructions on using fieldable device during field tests and data analysis through forensic
attribution workflow to results

AIR FORCE RESEARCH LABORATORY
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Next Steps - Roadmap

July 2026 Next Step

s0 S0 60 w0 70 70
Model Temperature [C]

I I I
I I I
| | I
Starting point: 1 Proof of concept forensic attribution with | Proofof 1| Enhanced fieldable device with
- Basic standalone fieldable I enhanced fieldable device: I concept field 1  integrated forensic attribution
device I - Standalone device and model — not yet fully I test I model:
- Providesinformation on ' integrated I I~ Work with 908devices to
some acute exposures I - Increased sensitivity and library with APL I , integrate forensic attribution
- Limited by sensitivity, library I spectral deconvolution I : model
- No forensic attribution I Forensic attribution capability — I ; - Increased sensitivity and library
capability : - Alerts and raw data input into forensic | : tuned to AF relevant chem
I attribution model to give results on : I - Field functional, ready for use
I parent compounds and combustion | I by novice
I conditions I |
| | I

AIR FORCE RESEARCH LABORATORY
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Predictive Risk Team
AFRL/RHBAF

Rebecca Clewell

Daniel Cowan
Slava Chushak
Teri Sterner

AIR FORCE RESEARCH LABORATORY

Subcontracts

Johns Hopkins University

Government Collaborators
and Advisors

Applied Physics Laboratory

Danielle Nachman
Michael Salerno
Thomas Buckley

Mallory Solazzo

Christin Duran
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