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ABSTRACT. An improved infrared (IR) flare composition con¬ 
taining Teflon, Viton A, and magnesium is described. This 
improved composition has excellent tensile strength, IR out¬ 
put superior to previous compositions, and decreased electro 
static sensitivity. A compositional diagram showing that a 
systematic variation in flare burning time is definitely re¬ 
lated to Teflon particle size is presented as a guide for 
planning future flare compositions. It was found that flare 
burning times and IR output at ground level or at simulated 
high altitude may be used as criteria for acceptance in 
specific applications. Investigations are being conducted to 
improve the performance characteristics of this flare com¬ 
position. (UNCLASSIFIED) 
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FOREWORD 

A search for more efficient infrared (IR) pyrotechnic flare formu¬ 
lations has been undertaken by the three services of the Department of 
Defense and their contractors. This report describes a new flare com¬ 
position developed at the Naval Ordnance Test Station (NOTS). The com¬ 
position and processing techniques are under patent application by NOTS. 

The new flare formulations have not only greater efficiency, but also 
have less electrostatic sensitivity than the NOTS standard IR flare com¬ 
position. The improved strength of extruded products holds great promise 
for caseless flares. 

The data contained in this report, based on a limited number of tests, 
are subject to revision. The report has been reviewed for technical ac¬ 
curacy by F. G. Crescenzo. The authors gratefully acknowledge the assis¬ 
tance of J. W. French for flare-inhibiting studies. 

This development and its supporting research were performed under the 
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17-002 (FY61), RMMO-32-024/216-1/F008-17-002 (FY62), RAV33W-009/216-1/F010- 
02-003 (FY62), and RAV33N-010/216-1/F010-02-002 (FY62). 

I 

Released by Under Authority of 
NORMAN L. RUMPP, Head, JAMES T. BARTLING, Head, 
Explosives and Pyrotechnics Div. Propulsion Development Dept. 
14 February 1962 

NOTS Technical Publication 2893 
NAVWEPS Report 7894 

Published by . Publishing Division 
Technical Information Department 

Collation .... .Cover, 4 leaves, abstract cards 
First printing.. . 240 numbered copies 
Security classification ....... CONFIDENTIAL 

Abstract alone.UNCLASSIFIED 
Title alone . UNCLASSIFIED 

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF THE 
UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS. TITLE 18. U.S.C.. SECTIONS 
793 AND 794. THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN ANY 
MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW. 
REPRODUCTION OF THIS DOCUMENT IN ANY FORM BY OTHER THAN NAVAL ACTIVITIES IS 
NOT AUTHORIZED EXCEPT BY SPECIAL APPROVAL OF THIS STATION. 

ll 

.P* 

* 



1 Army War College, Carlisle Barracks (Library) 
1 Artillery and Guided Missile Center, Fort Sill 
1 Chemical Corps Medical Laboratory, Army Chemical Center 
1 Chief Signal Officer, Research and Development Division, Combat 

Development Branch 
1 Command and General Staff College, Fort Leavenworth (Archives) 
1 Diamond Ordnance Fuze Laboratory (ORDTL 012) 
1 Engineer Research and Development Laboratories, Fort Belvoir 

(Technical Documents Center) 
1 Ordnance Ammunition Command, Joliet (ORDLY-ARB) 
1 Ordnance Tank-Automotive Command, Detroit (ORDMC-11.53) 
1 Picatinny Arsenal (Technical Information Library) 
1 Rock Island'Arsenal (Technical Information Branch 2250) 
1 The Armored School, Fort Knox (Combat Developments) 
1 The Infantry School, Fort Benning (Combat Developments) 
3 White Sands Missile Range (ORDBS-OM-Technical Library) 
6 Headquarters, U. S. Air Force 

DCS/D, AFDRD-EX (1) 
DCS/D, AFDRD-PO (1) 
DCS/D, AFDRQ (1) 
DCS/M, AFMME-AR (1) 
DCS/O, AFOOA (1) 
DCS/P&P, AFXPD (1) 

6 Air Defense Command, Ent Air Force Base 
ADLPD-D (1) 
Directorate of Plans and Requirements (5) 

ARADCOM (1) 
J-2, CICD (1) 
J-3, COOA (1) 
J-3, COOP (1) 
J-5, CPSD (1) 

2 Air Materiel Command, Wright-Patterson Air Force Base 
2 Strategic Air Command, Offutt Air Force Base 

DORQM (1) 
Operations Analysis (1) 

2 Tactical Air Command, Langley Air Force Base 
8 Aeronautical Systems Division, Wright-Patterson Air Force Base 

(ASAPRD-Dist) 
1 Air Force Cambridge Research Laboratories, Laurence G. Hanscom 

Field (CROOTR) 
1 Air Force Flight Test Center, Edwards Air Force Base (FTOT) 
1 Air Force Missile Development Center, Holloman Air Force Base 

(Technical Library, HDOI) 
1 Air Force Missile Test Center, Patrick Air Force Base (Technical 

Information Office, MTASI) 
1 Air Force Office of Scientific Research (SREC) 
1 Air Force Special Weapons Center, Kirtland Air Force Base (Technical 

Information Intelligence) 



CONFIDENTIAL 

2 

1 
1 

1 
2 

1 

1 
1 
1 

1 
1 

10 
1 
1 
2 
1 

Air Proving Ground Center, 
ASQT, N. L. Bell (1) 
PGTRI (1) 

Air Technical Intelligence 
Air Technical Intelligence 

Eglin Air Force Base 

Center, San Antonio (Col. McFarland, USAF) 
Center. Wrieht-Patterson Air Force Base 

(AF0IN-4Bla) 
Air University Library, Maxwell Air Force Base (AUL 6238) 
Chanute Air Force Base 

3345 Technical Training Group (1) 
3499 Air Training Wing (1) 

Directorate of Flight Safety, N0rton Air Force Base (Directorate of 
Missile Safety Research) 
Lowry Air Force Base (Department of Guided Missile Training) 
Norton Air Force Base (Weapons Analysis Division, AFCDI-B-2) 
Office of the Deputy Commander AFSC for Aerospace Systems, Los 
Angeles (WDSOT) 
Rome Air Development Center, Griffiss Air Force Base (RCR1E-5) 
Director of Defense (RfcE) (Technical Library) 
Armed Forces Staff College, Norfolk 
Armed Services Technical Information Agency (TIPCR) 
Director Planning & Requirements Policy 
Weapons Systems Evaluation Group 
Central Intelligence Agency (OCR Mail Room) 
National Security Agency (CREF, Technical Documents Section) 

<55 

CONFIDENTIAL ‘j.r, u\t> }*) 



CONFIDENTIAL NAWTEPS REPORT 7894 

INTRODUCTION 

For several applications, a flare is needed with a large infrared (IR) 
radiation yield. While the NOTS standard IR flare composition has offered 
a substantial improvement over previous compositions, a number of short¬ 
comings prompted the development of the impròved composition described 
herein. These shortcomings include low tensile strength and a consider¬ 
able hazard because of a 50%-point electrostatic sensitivity of 0.76 
joule. The improved composition has less electrostatic sensitivity; at 
12.5 joules, it showed no fires in 10 successive tests; the improved 
composition can be easily extruded or compression .molded; and extruded 

• forms have tensile strengths and elongation that withstand forces and 
vibrations encountered in the various applications. These forms are also 
easily machined. Tracking flares that are attached to rocket sleds are 

• subjected to intense vibrations during the sled run. Conventional flares 
have invariably been broken off by these vibrations, but the flares ex¬ 
truded from the improved composition have successfully undergone several 
sled runs. 

STANDARD IR FLARE COMPOSITION 

The NOTS standard IR flare composition consists of the following per¬ 
centages of ingredients: 

« 

Magnesium, granulation 16 .... 54 
Teflon, No. 1, 600 microns ...30 
Kel-F wax, No. 40 . 16 

Extrusion studies made on the above composition indicate that the tensile 
strength is quite low and the density is only about 90% of theoretical. 
Flares of this composition are usually made by compression molding; 
long flare rods are made by molding in increments. 

IMPROVED IR FLARE COMPOSITION 

In 1959, it was discovered that a combination of Teflon and Viton A, 
produced by a shock-gel process, could be easily extruded at tempera¬ 
tures ranging from 150 to 225°F in conventional double-base extrusion 
presses. The improved IR flare composition consists of the following 
percentages of ingredients: 

CONFIDENTIAL 1 
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Magnesium, granulation 16. 54 
Teflon, No. 7, 35 microns. 30 
VI ton A. 16 

The shock-gel process may be described as follows: Vi ton A, a copolymer 

of vinylidene fluoride and hexafluoropropylene, is dissolved in acetone 
to form a solution ranging from 8 to 20% solids. The required quantities 
of magnesium and Teflon are stirred into the appropriate quantity of 
Vi ton A solution. This slurry is quickly added to a large volume of 
rapidly agitating hexane. By this treatment, all the material is pre¬ 
cipitated in a granular form. After one or more washes with additional 
hexane, the material is collected and dried. While drying, the material 
is usually passed through a brass screen with 1/4-inch openings. 

The granular material is then heated to 190aF, placed in the barrel 
of an extrusion press (heated to 225*F), and extruded through the die. 
The extrusion pressures and flow rates are dependent upon (1) the total 
binder content, (2) the Viton A-Teflon ratio, (3) the particle size (and 
particle shape) of the filler, (4) the ratio of die area to barrel area 
in cross section, and (5) the shape and design of the die itself. 

After the extrusion is completed, the material may be machined into 
desired lengths or shapes as required. 

Flare-inhibiting studies resulted in the development of a surface 
treatment of the extruded flare with hydrochloric acid before coating it 
with the inhibitor to improve its adhesion. 

OPTIMIZATION STUDIES 

One of the parameters considered involves the use of granulations of 
magnesium at several levels. This program represents the preliminary 
phase of an experiment designed to optimize the composition. The types 
of magnesium considered were granulations 15, 16, and 17. These were 
incorporated at the 54% level for combinations with Teflon and Kel-F 
wax and at the 64% level for two compositions, the first with 36% 
Viton A and the second with 20% Teflon and 16% Viton A. These ranges 
were chosen to detect significant increases in performance quickly, using 
an all-Viton A binder and a higher level of magnesium. 

The flare compositions were tested for IR output in the following 
manner: 6-inch to 10-inch lengths of 1-inch-diameter rods were in¬ 
hibited, fitted with an igniter assembly, and mounted vertically so that 
the radiometer sensor was directed normal to the flame at a suitable 
distance. Pressed charges were prepared of several increments in 1.0- 
inch-diameter aluminum tubing with a 0.035-inch wall and a length of 6 
inches at 7,500 psi. 

Granulation 16 magnesium appears to yield from 40 to 1800% more 
w/sterad than the compositions with either granulation 15 or 17 magne¬ 
sium. The maximum radiation in w/sterad, 2,672, was obtained from Pilot 
Lot (PL) 6299 (Table 1), In PL6294, containing granulation 15 magnesium, 
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TABLE 1. IH Output for Several Flare CoMPOsmoNS 

the maximum output of 317 j/g was obtained. Since the average dura¬ 
tion (total burn time) for the flare is significant for various appli 
cations, these values are also presented. 

In Fig, 1, a compositional diagram is shown for the three ingredients, 
magnesium, Teflon, and Viton A. The area of low IR output is on the left, 
the limit of extrudability on the right and above, and the area of low 
strength on the bottom. The compositions, indicated by small circles, are 
being evaluated. These lots constitute Phase II of the designed experi¬ 
ment. Assessment of output data on these lots should undoubtedly lead to 

an optimization. 

It had been reported that the use of Teflon No, 1, with an average 
particle size of 600 microns, in the flare composition increased the 
burning rate when such flares were molded. Phase III of the designed 
experiment investigated the possibility that coarse Teflon would modify 
the performance. The result is shown graphically in Fig. 2.where the 
burning times of wedge-shaped flares are shown in contours on the com¬ 
positional diagram for three grades of Teflon, The composition contains 
54% magnesium, granulation 16, and 16% Viton A. Teflons No. 7, 5, and 1 
are used in the compositions at the total level of 30%, The average 
particle sizes are 35, 300, and 600 microns, respectively.' A systematic 
variation in flare burning time is definitely related to the distribu¬ 
tion of the Teflon particle size. This diagram is a guide for the planning 

of future flare compositions. 

In Table 2 are tabulated the lot number, the composition, the burning 
time for the flare as well as burning rate in sec/in., strand burning 
rates, and calculated flare burning times based on two methods of strand 
inhibiting. These strand-burning data indicate that, with flare compo¬ 
sitions that are rich in fuel, possible interactions between the in¬ 
hibitor material and the burning flare material might show large diffei- 
ences in rate when compared to burning uninhibited flares. Flare burning 
times together with IR-output measurements either at ground level oi at 
simulated high altitude may be used as criteria for acceptance in specific 

applications . 
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TEFLON 

FIG. 1, Compositional Diagram for Improved IR Flare Composition. 

(300/a) 
NO 5 

4 

FIG. 2. Burning Time for Three Grades of Teflon at the 30% 

Level for Improved IR Flare Composition. 
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TABLE 2. Burning Times and Burning Rates for 
Several IR Flare Compositions 

c Inhibited with Viton A in ïicoloiie. 
dCalculated burning time oí wedge based on a maximum web thickne»» of 0.5 inch, based on strand 

burning rate. 
c Inhibited with RTV C-328 cement* 

PHYSICAL CHARACTERISTICS OF THE IMPROVED 

IR FLARE COMPOSITION 

Table 3 shows the maximum tensile strength, elongation at rupture, 
and modulus of elasticity of the improved IR flare composition when 
extruded into 1.0-inch-diameter rod. The rods were machined into cylin¬ 

drical tensile specimens. 

CONCLUSIONS 

A systematic variation in flare burning time 
the distribution of Teflon particle size. 

is definitely related 

TABLE 3. Physical Properties of the 

Improved Flare Composition 

1 emp., 
°F 

Tensile strength 
at maximum, psi 

Elongation at 
rupture, % 

Modulus of 
elasticity 

-65 
77 

160 

8,505 
796 
369 

1.4 
109.4 
72.4 

493.6 
15.3 

5 7 kJ • i 

-4 
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Flare burning tines together with IR-output measurements either at 
ground level or at simulated high altitude may be used as criteria for 
acceptance in specific applications. 

Strand burning~rate data indicate that, in the case of flare com¬ 
positions that are rich in fuel, possible interactions between the 
inhibitor material and the burning flare material might show large dif- 
ferences in burning rate when compared to the strand burning rate of 
uninhibited flares. 

Further refinements of the Improved IR flare composition are being 
Investigated. 

RECOMMENDATIONS 

Performance comparisons of the following combinations in the com¬ 
position should be conducted: 

1. Kel-F elastomers in place of Viton A 
2. Combinations of Kel-F elastomers and Viton A 
3. Graphite nuclei systems, such as anthracene and phenanthrene 

reported by the Air Force to enhance IR yield 
4. Various fillers to increase output and efficiency 

The shock-gel process should be applied to visible flare formulations 
for extrudability, increased luminosity, and increased shelf life. 

6 CONFIDENTIAL 
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