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-
Why Puff-Resolved Thermal Profiling Is Needed

= Regulatory submissions ,'/Q;\ \ = EVP standardized
\ : S ) = ]
\O\ 7\ require characterization of . G methods for puff-resolved
Q e-vapor products (EVP) e thermal measurements
== 1  thermal design parameters are limited

This work addresses that gap
using complementary approaches to measure
aerosol and heating element temperatures

Note: “Heating element” is used synonymously with heater / atomizer.
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I_Complementary Methods for Puff-Resolved

Thermal Profiling

Aerosol Heating Element
Temperature Temperature

Together, these
methods capture
puff-resolved aerosol
output and heating
element behavior.

Thermocouples at High-speed
Mouthpiece Exit FLIR Imaging
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"Aerosol Temperature Method.:

Direct Mouthpiece Measurement

Method « Thermocouple manifold positions the probes at the aerosol exit
Approach « Temperature data collected at 10 Hz

Study Design: Prototype Formulation Set

25-Puff Regime Reported Results
prototype PT1 | PT2 || PT3 | PT4 _
8 e-liquid N Non-intense/standard CORESTA 1. Avg Min Temp
formulations | p15 | P16 || PT7 || PTS (55cc-3s-30s)
(PT1— PT8) 2. Avg Max Temp
3. Avg Temp
Six replicates per formulation —
Select lot variants included Avg Temp calculated from

puff-level maximum temperatures.
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Aerosol Method: Thermocouple Manifold and Place

~2mm from
aerosol exit

~1Imm from
aerosol exit

Device
Mouthpiece

Manifold |

Ahermocouples are positioned near the
aerosol exit to capture delivered aerosol
temperature during each puff
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"Aerosol Temperature Results: Consistency ACross

Prototype Formulations

Average Aerosol Temperatures (N=6)

- mNon-intense mIntense

66 -

64 | { I I

62 A
60 | Aerosol temperatures were

e consiste'nt across protqtype

e formulatlonsllqts, with intense
o puffing pro'ducmg.a modest

e gpward shift _rglatwe to non-

- intense conditions.

o
46

44

42 Context: Aerosol values are dry-bulb

40 - measurements; wet-bulb benchmarks

pTlA PT1B pT]_C PT2 pT7A PT7B pT7C PTS account for humidity/thermal exposure.

Temperature (°C)

Note: PT = anonymized prototype e-liquid formulation; letters A, B, & C indicate lot variants within a formulation group. Six replicates (N=6)per sample / condition
and each replicate is the average of 25 puffs. Error bars represent SD; N=6
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r
From Aerosol Output to Heating Element Behavior

The thermocouple method High-speed FLIR imaging provides a
captures delivered aerosol direct view of the heating element
temperature at the mouthpiece thermal dynamics that drive that output
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I_Heating Element Temperature Method:
Temperature Platform + FLIR Imaging

What is the Temperature FLIR Imaging Key Features
Platform? Monitors heating element Adjustable puff duration,
Internally engineered temperatures frequency, and power
platform for controlled heating Noncontact, real-time measurement Controlled power delivery
element activation under defined test conditions

High temporal resolution
Simulates e-vapor device power
delivery to heating elements

Delivers precise power using
Pulse-Width Modulation (PWM)
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Custom Heating Element Fixture for Controlled Testi

Compression

Heating
Element

Liquid Reservoir
Contacts

|
=:q Altl’la Frank Higgins | Regulatory Affairs | Altria Client Services LLC | 79th Tobacco Science Research Conference, September 23, 2026



r

FLIR Imaging Setup: Final Test Configuration

FLIR Camera:
Vertically Mounted

Vacuum Line

|
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MELIR Capability: Wide Temperature Range

and Superframing

cLIR « Multiple temperature ranges at once
SUPERERAMING « Merges imaging data into a single, extended-range “superframe”
» Resolves large temperature differences
FLIR « Typical Range: 150-350 °C
CALIBRATION . Range with Superframing: 10-350 °C (10-90 °C, 35-150 °C, 80—200 °C, and
RANGES 150-350 °C)
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-

FLIR Video
Demonstration:
Heating
Element
Temperature
Dynamics

*Hypothetical example to demonstrate superframing capabilities
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I_Heating Element Temperature Results AcCross

Prototype Formulations

Heating Element Temperature

280 - m Average temperature

275 A

270 A
265
260
255
250
245
240
235
230
225
220
215
210
205
200 A

PT1A PT1B PT1C

Temperature (°C)

Note: PT = anonymized prototype e-liquid formulation; letters A, B, & C indicate lot variants within a formulation group. Five replicates (N=5) per sample /
condition and each replicate is the average of 15 puffs. Error bars represent SD; N=5.
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» 5s puffs,
30s puff interval

» Average heating element
temperatures are tightly
grouped and reproducible

 Average temperatures
~260-270 °C
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["Accelerated Puffing Question: What Happens

at Shorter Intervals?

WHY UNDERSTAND
THE IMPACT OF

Large-volume EVPs make end-of-life testing extremely

SHORTENING PUFF time-consuming
:_I\LTBECI)QXQ-IFCS)RDYURING » Typically requires multiple days of aerosol collections for
TESTING? each prototype

Test prototypes to assess the feasibility of shortening puff
intervals during lab testing

STUDY DESIGN

Compare puff intervals: 30s vs. 13s

Use FLIR imaging to measure heating element temperatures
during and between puffs
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['Puff Interval Results: During-Puff Heating

Element Temperatures

200 13s Interval 30s Interval
290 - 292.3
280 A
279.8
270 A
o
~ 260 -
o
>
2 250 A
3
c 240 -
2
230 A
220 A
210 A
200 A
13s mean 13s max 30s mean 30s max

Average Puff Temperatures (°C)
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 During-puff temperatures
were similar between
interval regimes

e 1-2 °C difference
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I_Puff-by-Puff Heating Element Temperatures:

30s vs. 13s Puff Intervals

= Mean 30s R5 = Mean 13s R5

For both puff intervals:

« The first three puffs were o dn lﬂ “ ! I I i1
~4°C cooler than 265 ‘ " | '
subsequent puffs. 245

225 i H

Between 13s and 30s puff

intervals: o 205

« Mean puff temperatures 5
were similar. S 165

g 145
g' 125
|G_) 105

« Higher minimum 8 A
temperatures were observed 65 \ \‘ K k k K k k k K‘ L \
between puffs for the 13s - 45
puff interval regime. o5 | J

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450
Time (sec)
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Puff Interval Results: Between-Puff Cooling Behavior

57

53

Shorter intervals
increase between-puff
minimum temperatures
due to reduced cooling
time.

49

45

41

37

Temperature (°C)

33

Starting Temperature —_—
Before Puff 1

25

Minimum Between-Puff Temperatures (°C)

Min 13s (Puff Interval) R3

Min 13s (Puff Interval) R5

—A

Min 30s (Puff Interval) R5

1 2 3 4 5 6 7 8 9

10
Puff Interval Number
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13s Puff
Interval

30s Puff
Interval
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I_Assessment of Reduced Puff Intervals for

End-of-Life Testing

@ DURING-PUFF
HEATING
element temperatures

were similar at
13s and 30s puff intervals

@ SHORTER PUFF
INTERVALS
iIncreased between-pulff

minimum temperatures
due to reduced cooling time

A ®
)
&y

RESULTS SUGGEST
POTENTIAL FEASIBILITY

OF REDUCED PUFF INTERVALS
for EoL testing of the prototypes evaluated

Note: Product-specific evaluation is recommended before implementing reduced puff intervals for other ENDS products.
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Integrated Takeaways and Regulatory Relevance

e S
/

\
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Aerosol and heating element
puff-resolved methods are complementary.

™

The heating element method resolves thermal
dynamic behavior and puff-interval effects.

I* Altria

Aerosol and heating element
temperature data are reproducible.

o

The methods support product
characterization and regulatory
submissions.
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I_'I'HANK YOU!
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"Aerosol Temperature Context: Dry-bulb Measurements

with AFNOR and Wet-bulb Reference Context

» Aerosol temperatures reported here are dry-bulb thermocouple measurements near the
mouthpiece exit under controlled laboratory conditions

» Wet-bulb literature provides inhaled thermal-exposure context: FDA-CTP has not
established explicit aerosol temperature limits for ENDS/HTP products; inhalation-related
standards!-3 reference ~50 °C wet-bulb, corresponding to approximately 124 °C dry-bulb*
under representative laboratory conditions

 AFNOR XP D 90-300-3* provides additional standards context: it includes a <60 °C
mouthpiece-outlet emission-temperature criterion under AFNOR-specified conditions, but
the AFNOR context is not directly interchangeable with the present dry-bulb method

References are contextual only; no AFNOR compliance, pass/fail, or direct safety-limit conclusion is implied.

1. Kosachevsky, P., Coffa, B. Characterizing Aerosol Temperature of Electronic Nicotine Delivery Systems (ENDS) Using Wet Bulb Temperature Approach. CORESTA TSRC, 2024. [coresta.org]
2. NIOSH. Criteria for a Recommended Standard: Occupational Exposure to Heat and Hot Environments. DHHS (NIOSH) Publication No. 2016-106. [cdc.goV]

3. CEN. EN 13544 1:2007+A1:2009 — Respiratory Therapy Equipment: Nebulizing Systems.

4. AFNOR. XP D 90-300-3:2022 — Electronic cigarettes and e-liquids — Requirements and test methods for emissions. Association Francaise de Normalisation, 2022.

* Approximate wet-bulb to dry-bulb equivalence assumes typical laboratory ambient conditions (approximately 21-24°C and 40-60% relative humidity) and should be considered contextual rather than a direct conversion
applicable to all environments.

.q Altria Frank Higgins | Regulatory Affairs | Altria Client Services LLC | 79th Tobacco Science Research Conference, September 23, 2026

22



	Puff-by-Puff Aerosol and Heating Element Temperature Profiling in E-Vapor Products
	Why Puff-Resolved Thermal Profiling Is Needed
	Complementary Methods for Puff-Resolved�Thermal Profiling
	Aerosol Temperature Method: �Direct Mouthpiece Measurement
	Aerosol Method: Thermocouple Manifold and Placement 
	Aerosol Temperature Results: Consistency Across Prototype Formulations
	From Aerosol Output to Heating Element Behavior
	Heating Element Temperature Method: �Temperature Platform + FLIR Imaging
	Custom Heating Element Fixture for Controlled Testing 
	FLIR Imaging Setup: Final Test Configuration
	FLIR Capability: Wide Temperature Range�and Superframing
	FLIR Video Demonstration: Heating Element Temperature Dynamics
	Heating Element Temperature Results Across Prototype Formulations
	Accelerated Puffing Question: What Happens at Shorter Intervals?
	Puff Interval Results: During-Puff Heating Element Temperatures
	Puff-by-Puff Heating Element Temperatures: �30s vs. 13s Puff Intervals 
	Puff Interval Results: Between-Puff Cooling Behavior
	Assessment of Reduced Puff Intervals for�End-of-Life Testing
	Integrated Takeaways and Regulatory Relevance
	Acknowledgements
	THANK YOU!
	Aerosol Temperature Context: Dry-bulb Measurements with AFNOR and Wet-bulb Reference Context

