
SERDP & ESTCP Webinar Series (#16)

SERDP & ESTCP Webinar Series

Sustainable Pyrotechnics: 
Flares and Projectiles 

July 16, 2015



SERDP & ESTCP Webinar Series (#16)

SERDP & ESTCP Webinar Series

Welcome and Introductions

Jennifer Nyman, Ph.D., P.E.
Webinar Facilitator
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Agenda
 Webinar Logistics

Dr. Jennifer Nyman
Geosyntec (5 minutes)

 Overview of SERDP and ESTCP
Dr. Andrea Leeson
SERDP and ESTCP (5 minutes)

 Removal of Perchlorate Oxidizers from Red- and Green-Emitting 
Pyrotechnic Flares
Dr. Eric Miklaszewski
Naval Surface Warfare Center (25 minutes + Q&A)

 Sustainable Incendiary Projectiles
Dr. Jared Moretti
U.S. Army Armament Research, Development and Engineering 
Center (25 minutes + Q&A)

 Final Q&A session
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How to Ask Questions

6

Type and send questions at any 
time using the Q&A panel
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In Case of Technical Difficulties
 Delays in the broadcast audio

• Click the mute/connect button
• Wait 3-5 seconds
• Click the mute/connect button again
• If delays continue, call into the conference line

− U.S./Canada: 1-877-776-3503
− International: 330-871-6014
− Required conference ID: 55551623

 Submit a question using the chat box

7
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SERDP and ESTCP 
Overview

Andrea Leeson, Ph.D.
SERDP & ESTCP Deputy Director
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SERDP
 Strategic Environmental Research and 

Development Program
 Established by Congress in FY 1991

• DoD, DOE and EPA partnership
 SERDP is a requirements driven program which 

identifies high-priority environmental science and 
technology investment opportunities that address 
DoD requirements
• Advanced technology development to address near 

term needs
• Fundamental research to impact real world 

environmental management

9
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ESTCP 
 Environmental Security Technology 

Certification Program 
 Demonstrate innovative cost-effective 

environmental and energy technologies
• Capitalize on past investments
• Transition technology out of the lab
 Promote implementation

• Facilitate regulatory acceptance

10
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Program Areas
1. Energy and Water
2. Environmental Restoration
3. Munitions Response
4. Resource Conservation and 

Climate Change
5. Weapons Systems and 

Platforms

11
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Weapons Systems and Platforms
 Major focus areas

• Surface engineering and 
structural materials

• Energetic materials and 
munitions

• Noise and emissions
• Waste reduction and 

treatment in DoD operations
• Lead free electronics

12
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DATE Topics
August 20, 2015 Characterization and Remediation in Fractured Rock 

Environments
October 1, 2015 Hexavalent Chrome Elimination from Hard Chrome 

Surface Finishing
October 15, 2015 LED-ing the Way: Sophisticated and Energy Efficient 

Exterior Lighting Systems for DoD Installations
October 29, 2015 Assessment and Treatment of Contaminated 

Sediments
November 12, 2015 Munitions Response: Land Based Program Closeout
December 3, 2015 Emerging Contaminants: DoD Overview and State of 

Knowledge on Fluorochemicals and 1,4-Dioxane
December 17, 2015 Resource Conservation and Climate Change

13
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http://serdp-estcp.org/Tools-and-
Training/Webinar-Series
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Removal of Perchlorate Oxidizers 
from Red- and Green-Emitting 

Pyrotechnic Flares 

Eric Miklaszewski, Ph.D.
Naval Surface Warfare Center, 

Crane Division, IN



SERDP & ESTCP Webinar Series (#16)

SERDP & ESTCP Webinar Series

Removal of Perchlorate Oxidizers 
from Red- and Green-Emitting 

Pyrotechnic Flares

SERDP WP-1280
ESTCP WP-201008 and WP-200730
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Outline
 Why do we need to replace 

perchlorates?
• Health and regulatory drivers
• Effect of regulations on DoD 

operations
 Perchlorate elimination efforts for 

colored signal flares 
• Reformulation strategies 
• Items targeted for perchlorate 

elimination
○ How did we do it?
○ Overview of project successes
○ Current/ongoing work

 Conclusions
17
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Concerns with Perchlorate Use
Perchlorate oxidizers are 
used extensively in DoD 
pyrotechnics
 Rocket motors (NH4ClO4)
 Pyrotechnics (KClO4)

 The perchlorate ion mimics 
iodide in biological systems
• Pregnant women and children are 

considered high risk

 Health concerns have 
prompted action on 
perchlorates
• Highly water soluble
• Groundwater contamination risk
• Regulatory levels as low as 1 ppb 

may be instituted in some areas

 Perchlorates have been 
detected at many DoD 
installations 
• In 2010, 16 DoD sites were in 

various stages of remediation.
• Remediation is VERY expensive

18

U.S. Perchlorate Usage by Industry 
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DoD Sites with Perchlorate Concerns

19

Perchlorates have been detected at many DoD installations and 
have resulted in a series of costly remediation efforts. In 2010, 16 
DoD sites were in various stages of remediation

State Installation Service Media Detection (ppb)

AL Redstone Arsenal Army Groundwater 2,600,000
AZ Yuma Marine Corps. Air Station Marine Corps. Soil 786,000
CA San Nicolas Island Naval Field Navy Soil 192,570
MA Camp Edwards Army/Air Force Soil 8,060
MD Indian Head Naval Surface 

Facility
Navy Soil

Groundwater
480,000
276,000

TX Longhorn Army Ammunition 
Plant

Army Soil
Groundwater

572,000
360,000

WV Allegany Ballistics Laboratory Navy Wastewater 1,900,000
Source: GAO-10-769 PERCHLORATE: Occurrence Is Widespread but at Varying Levels; Federal 
Agencies Have Taken Some Actions to Respond to and Lessen Releases. August, 2010.
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Pyro-related Perchlorate Timeline
 In 1997, training with the M116 flash bang simulator at Camp 

Edwards was suspended due to perchlorate contamination 
concerns
• Site was closed in 2000 due to perchlorate concerns

 Over this period time, SERDP has funded numerous projects 
to address DoD perchlorate use
• Biological impact assessments (effect on animal life, etc.)
• Evaluation of mitigation and remediation strategies (including costs)
• Development of perchlorate-free pyrotechnics

 Since 2002, SERDP/ESTCP has funded NSWC Crane and 
ARDEC to develop perchlorate-free pyrotechnics for DoD use
• Projects have focused on developing compositions for visible signal 

flares, smoke signals, delay compositions, and incendiary compositions 
• Many perchlorate-free compositions have been successfully transitioned 

to in-service items

20
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Overview of SERDP/ESTCP Projects
Objective
 Develop and implement tunable, 

perchlorate-free pyrotechnic formulations
for use in military colored signal flares

Reformulation goals
 Produce equal or superior performance
 Produce no additional hazardous by-

products 

Signals targeted for reformulation efforts
 Hand-Held Signal Flares (20-90 grams): 

Mk124(Red), M126A1(Red), M195(Green) 
 Pen Flares (<5 grams): Mk80(Red), 

Mk110(White), Mk134(Green), A/P25S-
5(Red)

 Submarine Smoke and Illumination Signals 
(>130 gram): Mk140(Red), Mk141(Green)

21

Mk 80 cup A/P25S-5A cup

Mk140/141 Flare Cup
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• Perchlorate-Free Formulation Strategies:
– Replace KClO4 with nitrate salts
– Utilize high nitrogen oxidizers or alternate fuels to increase energy content
– Utilize PVC as chloride source for color enhancement
– Replace Laminac/Lupersol with epoxy (Epon/Versamid) binder 

Perchlorate-Free Green Pyrotechnic Formulation 
Mg + Ba(NO3)2 + PVC + Epoxy → MgO + BaOH + BaCl + HCl + Other 

Perchlorate-Free Red Pyrotechnic Formulation 
Mg + Sr(NO3)2 + PVC + Epoxy → MgO + SrOH + SrCl + HCl + Other

Pyrotechnic Reformulation Strategy

22

Current Green Army/Navy Standard (Mk141)
Mg + KClO4 + Ba(NO3)2 + PVC + Binder → MgO + BaOH + BaCl + HCl + Other 

Current RED Standard for (Mk124)
Mg + Sr(NO3)2 + KClO4 + PVC + Asphaltum → MgO + SrOH + SrCl + HCl + Other
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Mixing Procedures 

23

1. Add Fuel 2. Add Binder 3. Mix (5 min.) 4. Add Oxidizer 5. Mix (15 min.)

6. Overnight pre-curing 7. Sieve Composition 8. Ready for Pressing
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Color Perception and Measurement

24CIE Standard Color Matching Functions

CIE 1931 Standard Observer 
chromaticity diagram

Quantity Units Notes
Photopic 
Intensity Candela (cd) How much visible light a 

source emits
Burn Time Seconds (s) Duration of light emitted
Dominant 

Wavelength 
(λdom)

Nanometers
(nm)

Perceived monochromatic 
color equivalent of
polychromatic light

Color Purity 
(Saturation)

Percentage 
(%)

Tint of emitted light (as a 
ratio of color to white light)
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Reformulation Target: M126A1
 M126A1 Signal Illuminant Red Star Parachute

• Hand launched unit used for signaling troops and 
aircraft

• ≥ 10,000 candela, ≥ 50 sec burn time
 Joint development/qualification effort between 

NSWC Crane and ARDEC
• ARDEC explored high-nitrogen compositions
• Crane utilized “traditional” ingredients which resulted in 

better performance (in this instance)
 Major accomplishments

• Full systems demonstration with SSI
• Perchlorate-free comp. is currently in-service

25
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M126A1: Process Engineering Study

26

Batch Intensity (cd) B.T. (sec) λdom (nm) Color Purity
“Partial Cure,” Slurry, & Cure 18,822 56.1 611 90%
Traditional Processing 19,150 50.0 611 90%

Performance Requirements ≥ 10,000 ≥ 50 620 ± 20 76%

Perchlorate-Free 
Red Flare Mix

Un-Cured Comp 
(35 lbs.)

“Wet” Press 
Un-Cured Comp.

Press Partially 
Cured Comp

Slurry + Overnight 
Heat Cure

Overnight Heat 
Cure

Slurry + Overnight 
Heat Cure

Overnight Heat 
Cure

Fully Cured Comp 
(35 lbs.)

Press Fully Cured 
Candles

Full Cure Candles

Slurry + Heat 
Cure

Slurry + Heat 
Cure

Slurry + Heat 
Cure

Mix Comp. Partially Cure Press Candles Slurry + Cure Final Candles

Day 2 Day 3Day 1
New Method Based on Process Engineering Study:

Formulation:
Mg, 30.5%
Sr(NO3)2, 48.4%
PVC, 14.1%
Epoxy (8:2), 7%

No additional production time required for revised manufacturing plan
• Saves cost of redundant processing steps
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Reformulation Target: Mk124
 Mk124 marine smoke and illumination 

signal 
• Side by side red smoke (day) and flare (night)
• Target: ≥ 5000 candela, ~19 sec burn time

 Used extensively by Navy and Coast Guard
 Major accomplishments

• Developed successful formulation
• Completed Formulation Qualification testing
• Completed Systems Demonstration testing
• Ready for Initial Operational Capability 

testing

27

http://www.127wg.ang.af.mil/news/story.asp?id=123322409

http://coastguard.dodlive.mil/2011/02/people%E2%80%99s-
choice-%E2%80%93-photo-contest-round-4/4-3/
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Mk124: Systems Demonstration 
Systems demonstration build 
and test was performed in 2013
 Units manufactured using 

existing equipment at Chemring
Ordnance, Inc.

Conclusions
 Superior Performance

• Signals meet all specifications
• Superior intensity to current signals
• B.T. vs. intensity “tunability”

 Near-Equivalent Cost
• P.F. composition would add $0.02 

to each unit 
 Demonstrated Manufacturability

• Compatible with Chemring’s
existing equipment and procedures

• Contractor preferred epoxy binder 
system to asphaltum

• >6 day “pot-life” demonstrated 

28

Intensity
(cd)

Burn Time
(S)

λdom
(nm)

Color 
Purity

P.F. Candles 15,380 18.19 613 90%

Target ≥ 5000 ~19 Red > 85%

Systems Demonstration Test 
Results

Test Signals 
Tested

Ave. Delay
(s)

Ave. Display
(s)

Ambient 30 1.24 17.13

5 foot drop 5 1.16 16.71

Trans./Vib. 30 1.23 17.33

T. & H. 30 0.73 18.72

High Temp 30 1.23 16.99

Low Temp 30 1.24 17.10
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Reformulation Target: M195
 M195 Ground Illumination Signal, 

Green Star Parachute is a Army 
hand launched signal used for 
signaling group troops and aircraft

 ARDEC explored non-traditional 
flare compositions (ceramic 
fuel/high nitrogen)
• High-nitrogen component produced 

excess gas which caused B.T. 
failures

• Reformulation excluding high-
nitrogen component is complete

 Major accomplishments (ESTCP 
and Army EQT Program joint effort)
• Systems demonstration is ongoing

○ Pilot scale demonstration of 
reformulated comp. scheduled for July, 
2015

29

M195 Standard
λdom – 556 nm

Color Purity – 65%

GSF-1E 
λdom – 551 nm

Color Purity – 64%
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Reformulation Target: Mk141
 Mk141 Submarine Smoke and 

Illumination Signal
• Green smoke (day) and flare (night) 
• Used to signal other ships or aircraft in the 

area
• Target: ≥ 17,000 candela, 25 sec burn time

 Major accomplishments
• Developed successful 

formulation
• Formulation 

Qualification 
is ongoing 

• Limited 
systems 
demonstration 
completed

30

Function test of 
Perchlorate-free Mk 141

Mk140/141 Signal Flare Candle
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Mk141: Formulation Optimization
 Various formulations were 

mixed and tested
• Varied F/O ratios to control 

B.T. and intensity 
• Evaluated Cu and B as 

green color emitters
 Barium nitrate was the best 

performing green emitter
• Compositions containing Cu 

or B did not meet 
requirements

31
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Perchlorate-Free Mk 141 Candle 
Burn

Formulation Intensity (cd) Burn Time (s) λdom (nm) Color Purity

C2D in Mk141 23,028 26.5 561 62%
Mg, Ba(NO3)2, PVC, Binder

Target ≥ 17,000 25 Green > 50%
Mg, KClO4, Ba(NO3)2, PVC , Cu, Binders
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Mk141: Systems Demonstration
Limited systems demo build and test performed in 2014
 10 Units manufactured by 

Crane Army Ammunition 
Activity

 Parts for build donated by 
program office (~$2K per signal)

Conclusions
 Superior performance

• Superior intensity vs. 
perchlorate-containing signals

• B.T. vs. intensity “tunability”
 No impact on signal function

• Demonstration signals 
passed pressure static 
function test 

 Demonstrated manufacturability
• Compatible with CAAA equipment 

and processes
32

P.F. Mk 141 Candle Photometric 
Performance

Intensity
(cd)

B. T. 
(s)

λdom
(nm)

Color 
Purity

P.F. Candles 23,818 25.0 561 62.6%

Target 17,000 25 Green > 50%
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Reformulation Target: Mk140
 Mk140 Submarine Smoke and 

Illumination Signal is used to 
signal other ships or aircraft in the 
area. Red smoke (daytime use) 
and red flare (night time use)

 Major accomplishments
• Mk124 comp. tested in Mk140 

candles
• Exceeded all requirements 

o Superior intensity and burn time vs. in-
service signals 

• Drop-in ready formulation

33

Formulation Intensity / cd Burn Time / s λdom / nm Color Purity
PF Candles 34,202 35.0 613 93.2%

Mg, Sr(NO3)2, PVC , Binder

Target 25,000 22 Red >85%
Mg, KClO4, Sr(NO3)2, Binders
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Mk80 and A/P25 Overview (Current)
 Mk80 and A/P25 pen flares are hand fired visible distress signals

• Mk80 target: 13,000 cd-sec, 7 sec burn time
• Formulation optimization is ongoing

 Project obstacles
• Small form factor can cause irregular burning (results in unacceptable 

performance)

34

Regular (left) and irregular 
(right) burning Mk80 pen flares
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Future Regulations
 Heavy metals based compositions

• As, Ba, Be, Cd, Cr, Cu Pb, Hg, Se, Sr, Tl
 Strontium regulations

• Preliminary determination on Strontium in 2014 
(drinking water)
○ Low water solubility of Sr combustion products 

 If strontium and barium compositions need to be 
reformulated
• Alternative Green: Boron (can be difficult)

○ Boron Carbide research at US Army, ARDEC Picatinny
○ Has shown acceptable performance in M195

• Alternative Red: Lithium

35
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Summary
 A variety of perchlorate-free flare compositions have been 

developed
• US Army RDECOM-ARDEC, Picatinny
• NSWC Crane Pyrotechnic Operations Branch 

 Range of colors are available using similar formulation strategies 
• Red - Qualified for Navy and Army use (Mk124, M126A1)
• White - Qualified for Army
• Green - Qualification in progress 
• Yellow - Laboratory demonstration complete

 Adaptable to a wide range of signals
• M126A1 - Perchlorates eliminated from in-service items
• Mk124 - Completed Systems Demonstration
• M195 - Undergoing Systems Demonstration
• Mk141 - Completed Limited Systems Demonstration
• Mk80 & AP/25 Pen Flares - Undergoing Formulation Development

36
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Contributors
 Dr. Robert Shortridge
 Dr. David Dye
 Dr. Sara Pliskin
 Dr. Caroline Wilharm
 Katelin Tharp
 Cathleen Freeman

 Kory Boyd
 Doug Stark
 Kevin Bowen
 Bric Parker
 Dr. Anton Chin
 Marc Bever
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Thanks to SERDP/ESTCP for their continuing financial 
support and encouragement in this effort
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SERDP & ESTCP Webinar Series

For additional information, please 
visit https://www.serdp-estcp.org

Eric Miklaszewski, Ph.D.
812-854-5268; eric.miklaszewski@navy.mil

Christina Yamamoto
812-854-2044; christina.yamamoto@navy.mil
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Q&A Session 1
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Sustainable Incendiary 
Projectiles

Jared Moretti, Ph.D.
U.S. Army Armament Research, 

Development and Engineering Center
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Sustainable Incendiary 
Projectiles

ESTCP Project WP-201110
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Agenda
 Description of Army/Navy .50-caliber 

incendiary projectiles
 Bullet qualification tests
 Current incendiary technologies
 Factors influencing bullet performance
 Current status and path forward

42
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.50-Caliber Incendiary Projectiles

43

M8/Mk257 System Platform: Overview M8/Mk257 Bullet Cross-Section

Mk257

M8 Bullet 
jacket 

(copper)Incendiary
mixture

Bullet core
(stainless 

steel)

Tracer
(Mk257 only)
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Purpose of Projectiles
 M8 and Mk257 are armor-piercing incendiary (API) 

projectiles
 Generates visible flash (“incandescence”) after armor 

penetration 

 API effectively a miniaturized shaped charge
 Useful for lighting fuel vapors and marking location

44
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Material Requirements of Incendiary 
Composition

 Fine powdered metallic fuel (~200 mesh)
• Necessary for rapid combustion
 Simple, inorganic, commercially available 

oxidizer(s)
• Easy manufacturability of composition 
• Inexpensive ingredients
• Non-hygroscopic
 High enthalpy of combustion: 1.5 - 2.0 

kcal/gram!

45
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Fabrication of Rounds
 IM-28 is automatically “spoon-fed” into jacket
 Core is then automatically seated into jacket

 Polished, canellure, fitted into brass cartridge
 Gauge and weigh (quality control)

46

Charge with 
incendiary mix

(~11 grains)

Empty 
jacket

(copper)

Charged 
jacket

Bullet 
assembly

Seating of 
core

Core
(stainless 

steel)

Incendiary
mix “Pop-offs” 

may occur 
during 

seating!
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Bullet Qualification Tests

47

Performance Objective Data Requirements Success Criteria

Incendiary Flash TECP 700-700, Vol. III Min. Score 70%

Penetration " Min 87.5%

Accuracy " Ave mean radius < 12 in 
@600 yds

Bullet Extraction " Min > 200 lbs

Velocity " Ave = 2,910 fps + 30, SD 
< 36fps

Chamber Pressure " Ave < 55,000 psi

Function and Casualty TECP 700-700, Vol. III and 
fire in 100 rds burst

90% Min (Trace)/No 
Casualty

Action Time SCATP - 7.62MM Maximum < 4 milliseconds

Incendiary mix affects only incendiary flash and penetration
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Incendiary Flash

 Test area divided into zones by aluminum alloy screens
• 1 oblique and 3 perpendicular to line of fire
• Zone 1: Late ignition zone 3 (20-40%)
• Zone 2: Ignition in zone 2, ideal “after-armor” effects (100%)
• Zone 3: Early ignition, zone 1 (20-40%)

48

Zone 3 Zone 2 Zone 1

Direction 
of fire
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Penetration
 More straightforward; fewer possible outcomes
 Typically 20 rounds per lot assessed
 Only complete perforation of plate is credited
 Other outcomes (partial penetration) not credited

49
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Environmental Issues w/ Current API
 .50-caliber APIs charged with incendiary mixture 

(IM-28)
 IM-28 (below) composed of two bad actors

• 40 wt. % Ba(NO3)2
• 10 wt. % KClO4
• 50 wt. % magnesium-aluminum alloy

 Reformulating APIs to exclude perchlorate and 
barium is mission-critical

 New composition should exclude above oxidizers 
and heavy metals (i.e., Sr) per EPA
• Barium may be next

50

T. T. Griffiths. “Alternative for Perchlorates in Incendiary and Pyrotechnic 
Formulations for Projectiles.” Final report for SERDP Project No. WP-1424.
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Alternate Incendiary Technology
 Three-way team demonstrated two compositions with 

alternate oxidizers (Sr(NO3)2 and NaIO4)
• Team comprised of ARDEC, NSWC-Crane and ATK Orbital

 Down-selected to one replacement candidate (below)

 Sodium periodate (NaIO4) offers many benefits
• Relatively non-hygroscopic
• Commercially available in bulk; cost-effective
• Free of any “bad actors”

51

Material Weight %
Magnalium (JAN-M-454, Type A) 60
Sodium periodate (NaIO4) 40
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Influencing Bullet Performance
 Key is extent of fill in bullet tip

• Adequate compression of the incendiary mix by 
metal parts

• Adequate void space (air) in tip
• Influenced by manufacturing parameters

○ Core depth: Height of seated core
○ Charge weight: Amount in bullet jacket

• Also impacted by physical properties of mixture
○ Particle size
○ Flow agent (calcium stearate, fumed silica)

52
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Core Depth
 Measure of how far core is seated

• Lower number, core more deeply 
seated

 Affects penetration performance
• Mix must be sufficiently compressed
 Linked to charge weight
 Failures result if core not seated 

deeply enough
• Uncompressed mix acts as “pillow” 

upon impact 

53

Core
anterior

Jacket
tip
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Charge Weight
 Directly related to flash success
 Key to timed release of energy is 

compression
 Correlated with bulk density of 

incendiary mixture and void space

54

Void 
space
(air)

Entry
Charge

wt. 
(mg)

Core 
depth
(.001”)

Flash Penetration

IM-28 680-730 90-96 99% 100%

SPCS1 670-700 87-90 100% 75%

SPCS1 702-740 88-91 96% 90%

SPCS1 710-808 89-98 70% 100%

Factors affecting 
Incendiary flash 
and Penetration 

are mutually 
interdependent
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Particle Size
 Later builds showed charge weight issues

• Ranges of ~100 mg led to inconsistent scores
 Improved processing w/ finer NaIO4

(ϕ = 90 µm) and 0.25 wt.% CabosilTM

55

Entry Charge wt. 
(mg)

Core depth
(.001”) Flash Pen.

Coarse 0.710 - 0.808 89 - 98 70% 100%

Coarse 0.659 - 0.752 87 - 92 80% 100%

Fine 0.720 - 0.740 88 - 94 90% 98%
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Flow Agent
 Initially chose 0.25 wt. % CabosilTM as flow agent

• Improve processing
• Modify burn rate (timed release)
• Modify sensitivity 

 No flow agent gave poor flash scores w/ finer 
NaIO4
• Pre-ignition (“Zone 1”)

 IM-28 specifies optional hydrophobic fumed silica 
• Only 0.02 wt.%
• Not normally used in production
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Pop-off Investigation
 Later builds w/ fine NaIO4 and Cabosil led 

to high incidence of accidental ignition
 Root cause analysis for “pop-off” incident

• Metal 
hardware?

• Ingredients?
○ NaIO4

Probable culprit,
population of fine 
granules (<10 µm)
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Pop-offs (Cont’d)
 Blend two batches

• Unscreened (w/ fines)
• Screened (w/o fines)

 Charge screened batch at 
following weights and test 
for flash and penetration
• 710 mg
• 720 mg
• 730 mg
• 740 mg

 Charge unscreened batch 
at only 720 and 730 mg, 
test flash and penetration
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Entry Flash Pen.

IM-28 (M8) 90.5% 97.5%

SP-F-720 mg (M8) 98.5% 90.0%

SP-F-730 mg (M8) 99.5% 100%

SP-NF-710 mg (M8) 99.0% 95.0%

SP-NF-720 mg (M8) 98.0% 100%

SP-NF-730 mg (M8) 99.5% 97.5%

SP-NF-740 mg (M8) 96.0% 100%
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Flow Agent (Cont’d)
 Switched to calcium 

stearate 
• No pop-offs, even for 

double-charged rounds!
• Total knockout of 

penetration performance
• Acted as a lubricant and 

reduced bulk density
 New hypothesis: High 

CabosilTM content (0.25-
0.40 %) led to “pop-offs”
• Untreated fumed silica 

essentially ‘ground glass’ if 
content high enough 
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Entry Flash Pen.

IM-28 (M8) 93 95

SP-725 mg (M8) 89 50

SP-745 mg (M8) 90 0

IM-28 (Mk257) 83 100

SP-765 mg (Mk257) 89 5

SP-785 mg (Mk257) 95 60
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Current State and Path Forward
 Currently have a robust new system

• Free of barium and perchlorate!
 Currently working flow agent challenge

• Re-examining CabosilTM and calcium stearate 
systems in parallel

 Mass-produce and qualify M8/Mk257 
rounds w/ alternate incendiary mix
 Leverage M20?
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Conclusions
 Key to replacing incendiary mix is 

balancing flash and penetration 
performance
 Balance achieved by tuning ingredient and 

manufacturing parameters
 Replacement will address recent 

environmental regulatory drivers
 Replacement will prevent disturbance of 

soldier training and prevent contamination

61



SERDP & ESTCP Webinar Series (#16)

SERDP & ESTCP Webinar Series

For additional information, please visit 
https://www.serdp-estcp.org/Program-Areas/Weapons-

Systems-and-Platforms/Energetic-Materials-and-
Munitions/Pyrotechnics/WP-201110

Speaker Contact Information
jared.d.moretti.civ@mail.mil

973-724-1319
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Q&A Session 2
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The next webinar is on 
August 20, 2015

Characterization and Remediation in 
Fractured Rock Environments
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Survey Reminder

Please take a moment to complete the 
survey that will pop up on your screen 

when the webinar ends
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