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FOREWORD 

Because of the various types of explosives with unstable 

characteristics which can, during exposure to an enveloping flame, 

create a hazard aboard an aircraft carrier, there is a need to in¬ 

vestigate various techniques that may alleviate or eliminate the 

disastrous consequances. This study evaluated various candidate 

liner, coating, and sealer materials that could possibly be used 

in Mk SO series oombs to extend the cookoff time and to reduce the 

severity of the cookoff reaction. 

This study was conducted during 1970 and 1971 and supported 

by AirTask h4703-02, Work Request 9-7197. 

Thie report has been reviewed for technical accuracy by 

Gordon A. Greene. 
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INTRODUCTION 

The purpoje of this program was to study the thermal stability of 

candidate liner, coating, and sealer materials which could be used to 

extend the cookoff time of Mk 80 series bombs. If feasible, the liner 

material would replace the standard hot melt now used as an interface 

between the metal bomb case and the explosive. The coating would be 

applied on the outside of the bomb case. The candidate sealer material 

would replace the wax now used to seal the aft end of the Mk 80 series 

of bombs after they have been loaded with the explosive. 

The candidate liner and sealer materials were tested for compati¬ 

bility with TNT, Composition B, and H-6 explosives at the temperature 

range of ambient to above 700°C. This range covers the normal- 

temperature loading and the high-temperature storage of ordnance end 

also covers most of the decomposition reactions of tne explosives and 

the candidate materials. In this way, the thermal stability and the 

compatibility aspects were studied simultaneously, since what effected 

the thermal stability of the explosive-liner/sealer interface was also 
part of the compatibility problem. 

Stability, as used in this study, was defined as the ability of a 

materia- to remain unchanged, either physically or chemically, over ex¬ 

tended periods of time even when exposed to rigorous environments. The 

study showed that there was no one single test that could effectively 

measure stability. 

The materials used to coat, line, and seal Mk 80 series bombs are 

of a particularly complex nature. They are proprietary mixtures of 

organic and inorganic chemicals. Degradation of the original material 

can occur because of a change in their physical or chemical character¬ 

istics. It was shown in this study that the degradation process may 

create a hazardous condition when these materials come into contact 

with explosives, e.g., possible ignition. The degradation of the ma¬ 

terial was considered within the range of normal use conditions, in 

regard to the degree and rate of chemical reactions and changes in the 

physical state. In order to do this, overtests were performed, such is 

heating at temperatures higher than expected, so that long-term storage 

and loading results could be piedicted from short-term tests. Again, 

compatibility was considered to be a type of stability, i.e., the ten¬ 

dency of an explosive to interact when in contact with other materials. 

Six different candidate limr materials were studied both alone and 

in combination with explosives. One liner material, the standard hot 

melt (or black mix), was used as a comparison. Four coating materials 

were studied for thermal stability, but were not studied with an explo¬ 

sive for a compatibility evaluation. The coatings will not normally 
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come into contact with explosives; however, a contact is possible in the 

scrap collection area at a loading plant. Only one candidate sealer ma¬ 

terial was evaluated, alone and in combination with explosives. 

The compositions of the candidate materials were only partially 

known or not known at all. This made compatibility and stability test¬ 

ing more difficult since the decomposition reactions had to be identified 

first in order to determine the specific problem areas. The candidate 

liner, coating, and sealer materials are listed in Table 1. 

TABLE 1. Liner, Coating, and Sealer Material 

MATERIALS'2 SOURCE 

Liners: 

Hot melt (black mix) 

Thiokol 

ISI (Plastonium 44) 

URP-2 

TSI 

Essex 

Unique (UPI-1000) 

Coatings: 

Pfizer 

Thermal lag 

CECO 

AVCO 

Sealer: 

Tuffseal 

NAVWPNSTA 

Yorktown, Virginia 

Thiokol Chemical Corp. 

Trenton, New Jersey 

Insulation Systems, Inc. 

Santa Ana, California 

United Resin Products 

Brooklyn, New York 

Thermal Systems, Inc. 

Los Angeles, California 

Essex Chemical Company 

Clifton, New Jersey 

Unique Products, Inc. 

Santa Ana, California 

and 

Rocketdyne 

McGregor, Texas 

Universal Propulsion Corp. 

Riverside, California 

Thermal Systems, Inc. 

St. Louie, Missouri 

Cheesman-Elllot Co. 

Brooklyn, New York 

AVCO Systems Division 

Wilmington, Massachusetts 

H. H. Robertson Co. 
Ambridge, Pennsylvania 

uThe citation in this report of the trade names of commercially 

available products does not constitute official indorsement or approval 

of the use of such products. 
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EXPERIMENTAL TECHNIQUES 

ANALYTICAL 

The Mettler Model No. 2 Thermoanalyzer1 was used to obtain true 

simultaneous measurements on the effect of heat on a single sample under 

precisely defined conditions. Differential thermal analysis (DTA), 

thermogravimetric analysis (TGA), and derivative thermogravimetry (DTG) 

data were measured on one sample in one si.igle run. The DTA covers the 

heat changes and the TGA covers the weight gained or lost while the 

sample is being heated at a constant rate. The DTG indicates the rate 

at which the weight is being lost at a given temperature. All Mettler 

runs were made under identical operational conditions. The heating rate 

was 5°C per minute, chart speed 6 inches per hour, temperature span 10- 

millivolt ful1 scale, and runs made under atmosphere of air. (On the 

original chart, the distance between two numbered horizontal lines 

(e.g., 50 and 60) is 1 inch. This vertical distance is equal to M°C on 

the DTA curve and 1 mg on the TGA (lOx) curve.) Indium metal was used 

in the reference cup to give a temperature calibration; it gave a small 

exothermic blip at 156*0. 

The other analytical techniques employed were: differential scanning 

calorimetry (DSC), infrared spectrophotometry (IR), and mass spectro¬ 

photometry. 

ISOTHE MAL 

Isothermal analysis was accomplished by two different techniques. 

Both techniques were not always employed on each candidate material. 

The first technique used small samples (5 to 8 milligrams) of explo¬ 

sives, alone and with sufficient quantities of liner and sealer materials. 

The decomposition rates of the explosives and mixtures were measured in 

various temperature regions ranging from 160 to 260°C. The differential 

pressure measurement results of these studies were used in part for the 

compatibility study (Ref. 1, 2, and 3). 

The second technique used about 15 to 20 grams of material for each 

test. The sample was contained within a 45-milliliter stainless steel 

Parr general purpose test bomb. This small-scale pressure bomb ' 1 

and heating block are shown schematically in Fig. 1. The heating block 

was machined from a 5 1/2-inch-diameter piece of solid cylindrical alum¬ 

inum stock. The material sample container was a commercially available 

45-milliliter T303 stainless steel general purpose bomb^ with an A7AC7 

Settler Instrument Corp., Princeton, New Jersey. 

2Part No. 4712, manufactured by the Parr Instrument Co-, Moline, 

Illinois. 



Gauga 

FIG. 1. Schematic Diagram ot Small 

Scale Pressure Bomb (SPB) Setup. 
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head. The overall length of the bomb was 4.6 Inches. Two additional 

Items are required for the basic bomb configuration: the Matheson 

No. 939-SS diaphragm valve and the Matheson No. 63-5307 precision pres¬ 

sure gauge-*. The three items are connected to each other so that leakage 

will be eliminated. Two cartridge-type heaters rated at 250 watts 120 

volts were used. The heating block was insulated by applying a 1/2-inch 

layer of asbestos ribbon around the side of the block and attaching a 

1 1/2-inch-thick asbestos pad on the bottom. Additional insulation was 

provided by placing the completed assembly within a cylindrical enclosure 

of asbestos. A cover was placed on top of the enclosure, allowing the 

gauges and valves to be readily accessible above the enclosure. Pres¬ 

sure and temperature data were recorded continuously and decomposition 

products were analyzed periodically by transferring a gas sample from 

the bomb into the mass spectrophotometer. A more complete description 

of the SPB and its application is given in Ref. 4. 

FAST COOKOFF 

The fast cookoff tests were used to study the dynamic thermal char¬ 

acteristics of explosives when contained within a closed vessel and sub¬ 

jected to a rapid increase in temperature. Two different test vessels 

and techniques were employed. 

The first technique used a small-scale cookoff bomb (SCB) to study 

the dynamic thermal characteristics of the explosives when confined 

within a closed container and subjected to a rapid temperature increase. 

The cylindrical container components along with a schematic view of the 

test setup are shown in Fig. 2. The bomb was electrically heated at a 

rate of about 1.6®C per second in the 100 to 200°C region. Each bomb 

was lined with a selected liner and filled with approximately 2 pounds 

of explosive, then heated until destruction. The time-temperature data 

were' recorded for the inside metal wall of the bomb and for the liner/ 

explosive interface. The bomb fragmentation was noted and recorded after 

each test. The type of reaction was reported in accordance with Ref. 5. 

The first technique was considered as a possible preliminary test that 

would be performed before employing a full-scale vessel in a fast cookoff 

test as described in the WR 50 publication (Ref. 6). A more complete 

description of the SCB and its previous applications can be found in 

Ref. 4. 

The second technique used a full-sized Mk 82 bomb for the container 

and burning aviation jet fuel (JP-5) for the heat source. The bombs were 

lined with selected liners and then filled with H-6 explosive for the live 

tests and with sand for the inert tests. During the tests, the bombs were 

subjected to an enveloping flame per requirements stipulated in Ref. 6. 

i 
Both items manufactured by Matheson Gas Products, Cucamonga, 

California. 
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TEST PROCEDURES 

The candidate liner, coating, and sealer materials were tested by 

all or some of the given experimental techniques. When the materials 

were tested with explosives, the tests were performed in such a manner 

that different problem areas could be uncovered. For example, the sample 

would be tested first with TNT to see what reactions might be encountered, 

then with Composition B, and finally with H-6 explosive. Reacfions oc¬ 

curred with both TNT and PJ)X (a component of both H-6 and Composition B) 

and, if water came off from the material, there was a possibility of a 

reaction with the aluminum in the explosive. Each candidate material 

studied is reported separately and a comparison is made to standard 

materials wherever possible. 

H-6 was the standard explosive used in these tests, except when it 

was felt that Composition B would be better since the aluminum present in 

the H-6 explosive could interfere with certain testing techniques. In 

some cases, TNT was used as the test explosive. The thermal stability 

of H-6 explosive is reported in Ref. 4; Composition B and TNT in Ref. 7. 

The thermal decomposition of Composition B and TNT, when combined 

with the liner and sealer materials, is reported in Ref. 1, 2, and 3. 

This study was part of a compatibility investigation on the various ma¬ 

terials when they were in contact with explosives. This established the 

kinetic parameters of the reactions. In general, accelerations in de¬ 

composition rates were observed and reported, and in some cases these 

reactions were extreme, i.e., explosions. 

TEST RESULTS 

HOT-MELT (BLACK MIX) LINER 

The hot-melt (black mix) liner is the standard liner currently used 

as the interface material between the metal bomb case and the explosive. 

And since it was to be used as a comparison model against the candidate 

liners, a complete investigation was made of its thermal and physical 

properties. 

The hot-melt material is a tar-like substance; it is soft and gummy 

at room temperature and has the characteristic odor of road tar. ^The 

average melting point was 140 ± 6*C. The immersion density at 23 C was 

0.999 grams per cubic centimeter, with a spread of 0.007. 
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Th» T“"“TG-DTA th*n“1 patterns of hot melt are shown In FIs 3 

IÏ 3M*C ib«!“ t0 “el8ht at *b<>ut “O'C and very fapldly 
to the smJ i” r? 3 ! ”el8ht 1098 t0 360’C- the" a” additional 871 
action besan ít ^t 27¡V 'Tt*'“ 0t “• The °n8et t0 the »othermlc 

, ® bout 270 C and became more pronounced after 360°r tvií* 

UaS Pr0bably the “1<i»tl0" o' '»* products coming o« 

boll ^'n.D4«0tÍoer^¿-cattTÍ;.ah°”'l‘hthat ;he QeU ^ t0 s“ke a"d 
was run at r heâtíns rite o 20-0 ^ a aa»Ple that 

ton^Tíía^t ^tion ï88i"”i,,8e*rt”ab»“'*«:,c/wh™1ii;î“têdsïrd 

was observed since the DSC sMple was protected from air. 

The heat capacity (c) 
theraal patterns obtained 

was determined at several 
on the DSC and the results 

temperatures 
were: 

from 

Temperature. °C 
c, cal/^rsm 

57 
77 

127 
177 

0.39 
0.40 
0.43 
0.48 

The thermal diffusivity, 
data and Eq. 1: 

a, was calculated from thermal analysis 

where: 

a a2 dT 
4AT dt (1) 

a « radius, cm 

AT 

dT 

differential temperature, “C 

¿Ï “ heating rate, “C/sec 

«aoñr»íd '"i."”“1'1"' “ithl” a cyllndrlcsl «tsl tub. which wss closed 

either 2 ^ l'ï/7 ï ñ "'"o 1,’C','8 l0°8 md ^ an lnBide dismeter of 
wall ^ Y^», 8* Y thennocouPle was installed inside the tube 
the end the san,Ple» both at the same distance from 
îh dkû X WaS applied t0 the outer “tai wall (via electrical heat- 
frLríhe0?í at 3 C°?8t*nt n8 rate. The heating rate was obtained 

hTt^ % i F,hH tUbC“ Wal1 and AT fr0m the between 

approximate ^alue^was * de term * ^«d'in ^ ^ tlmeS and an 
for a wr 1 ^al“e wa®4eterBl^“d i* »-he range of 20 to 113‘C. The value 
ror a was l to 2 X 10 J square centimeters per second. 
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A cookoff test was made with an SCB test unit. The small bomb bad 

about a 1/4-inch-thick liner of hot melt and was loaded with H-6 explo¬ 

sive. Cookoff time was 3.7 minutes; the reaction was labeled as a de¬ 

flagration (Ref. 5). This time value should correspond to the actual 

time to cookoff of a similarly loaded Mk 82 bomb. 

Samples of both regular hot melt and high-temperature hot melt were 

aged under sealed conditions in an SPB test unit. The temperature was 

controlled isothermally at 200®? for about 6 days. Only a small pressure 

buildup of 5 to 10 psig was recorded. The decomposition gases were ana¬ 

lyzed on a mass spectrophotometer. Both hot melts showed an absorption 

of mass 32 as compared to mass 28 and 16, with emission of masses 15, 18, 

26, 27, 29, 39, 42, 43, and 58. Mass 18 was quite strong from the regu¬ 

lar hot melt, Indicating that water was coming off. 

The compatibility of hot melt with Composition B and TNT explosives 

was studied in the temperature regions of 180 to 240®C and 160 to 270°C, 

respectively (Ref. 1 and 2). It was found that the hot melt increased 

the decompositon rate of the explosives. 

THIOKOL LINER 

This liner material was received from t .e Thiokol Chemical Corpora 

tion. The compositon of the material was not known. A sample of this 

material was checked with the H-6 explosive and no action was observed 

in the ambient temperature region. 

The TGA-DTG-DTA thermal patterns on this material are shown in 

Fig. 4. This material started to lose weight slowly at about 1008C, 

becoming rapid at 3008C. By 400°C, the weight loss was 74X, and by 

475°C the sample was completely gone. The material started to go exo¬ 

thermic at about 3008C (apparent air oxidation). This would indicate 

a compatibility problem in the high temperature region. 

The internal cavity of an SCB test unit was coated with approxi¬ 

mately 1/4-inch-thick Thiokol liner material and then loaded with H-6 

explosive. Cookoff time was 4 minutes. The bomb wall split open and 

the reaction was defined as a deflagration (Ref. 5). 

A cookoff teat was performed on a Mk 82 bomb which was similarly 

prepared and loaded. The bomb was subjected to an enveloping flame from 

burning jet fuel; cookoff time was 5.25 minutes. The predicted time to 

cookoff for the Mk 82 bomb was 7.6 minutes. This estimate was calculated 

from the data on a sand-filled Thiokol-lined Mk 82 bomb subjected to an 

enveloping flame. The heating rate and temperature data on the inner sur¬ 

face of the Thiokol liner were used for the calculations. At the heating 

rate of 0.8"C per second, the ignition temperature of H-6 explosive would 

be 263°C (from Fig. 34 of Ref. 8). Using the temperature-time data from 

the sand-filled bomb, it was determined that the H-6 explosive would require 
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7.6 minutes to reach th® i8^°fllled bomb might have occurred sooner 
The "cookoff time for the sand 8lte ®au8lng the flamt envelope 
but a wind condition existed at t Becau8e 0f this, the heating 

to momentarily move away rom ¿qq to 300°C temperature region at 
rate was only 0.8 C per .. This rate was much lower than 
the inside surface ot the reglon .t the inside 

the 1.9°C per second »slue tej that the Thiokol liner was no 
surface of the SCB. These tests ,kltck „lx) liner used in 
better than the pre.ent standard or hot nelt lot 

the Mk 82 bombs. 

4 ncn nf TNT and Composition B in the pres- 
Studies on the decomposition 0 f 3 That report emphasizes 

rf^rîir^Â^^Uon reaction of PHe 

explosives. 

No additional tests w!re “de ‘’“^^‘.^"sígnífUan^advantages over 
Indicated that thl. liner vould not offer any sign 

the standard hot-melt liner. 

ISI LINER 

This liner material was ^^^^“gome fom^ation changes 
rated, and it was referred t° as Pi ^ ogreafl. Therefore, data 

X^y Hitt Ä representative of the final ISI product. 

This liner material gave off ^^h^elimination 

as shown in the TGA~DTG"D,JA J 8%. At about 300°C, this liner 
of water resulted in a wei5htJ°®®d£an%additional weight loss of 12% 
decomposed erothemally loi, wa8 20I for the entire 

(apparent air oxidation). compatibility problem with any ex- 

“u..™ . 
The time to coo^^f wa® [hic^isf liner! ^e^a Similarly loaded 

H-6 explosive and a i/A-inch-thick IS 1 th, cookoff time was 

Mk 82 bomb was subjected t0 250 t0 30o*c region at the metal 
11.2 minutes. The heating r . , 2#C per second, and in the 
uell/llner lnt.rf.ee In the ~U ^ ^lt, from both tests 
^r8e2considered1 explosions (Ref. 5). 

Under isothermal ^conditions ^^^"g^he^SI liner, were 
tion of Composition B and TNT, in tre9Pctlvely. This indicated that 

rt£UIsÍ 1 ine^material^accelerated the decomposition of both explosives 

(Ref. 3). 
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The ISI liner showed a considerable Improvement over the hot-melt 

(alack mix), but it had one serious drawback. This material was some¬ 

what water-soluble; about 252 of its original weight would dissolve and 

cause the material to disintegrate. Obviously, this material could not 

be used inside a hk 82 bomb containing a water-slurry explosive, a can¬ 
didate consideration for the alternate fill program. 

URP-2 LINER 

This liner material was received from United Resin Products. This 
material is designated URP-2 since a prior sample received from this 
company had a different composition. 

The DTA-TGA-DTG thermal patterns showed that the URP-2 material had 

excessive exothermic heat generated above 200oC. It also started to lose 

wmight rapidiy above 200°C and by 500°C the sample had a weight loss of 
3/% (Fig. 6). 

The time to cookoff was 4.1 minutes for the SCB which was loaded 

with H-6 explosive aud had a 1/4-inch-thick URP-2 liner. The heating 

rate, in the 200 to 300°C region, was 1.5“C per second at the metal 

wall/liner interface. The cookoff reaction was considered a deflagra¬ 
tion (Ref. 5). 

Of all the liner materials tested, URP-2 was the most inert. It 

produced only small accelerations in the decomposition of Composition B 

and TNT (Ref. 3). The problem with URP-2 was the material Itself in that 

it melted^below 15Q0C and had exhibited rapid exothermic decomposition 

above 200oC. This is a rather low temperature to observe oxidation of 

a sample. The URP-2 material showed a marginal improvement over the hot- 

melt (black mix) liner now used in Mk 82 bombs. Although it has no ap¬ 

parent compatibility problems, URP-2 may have a low ignition temperature. 

TSI LINER 

This liner material was received frcm Thermal Systems, Incorporated. 

The composition of the material was unknown. A sample of the liner was 

checked fot compatibility with H-6 explosive at ambient temperature. 
There were no apparent problems present. 

The TGA-DTG curves show that the material started to lose weight 

at 150*C, the loss became rapid after 200*C, and by 350*0 there was a 

weight loss of 502. From 350 to 500*C, the sample had an additional 

weight loss of 36%. The UTA thermal pattern indicated strong exothermic 

action starting above 350*C (apparent air oxidation) (Fig. 7). 

14 
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A cookoff test was made with an SCB which was lined with about a 

1/4-inch-thick layer of TSI material and loaded with H-6 explosive. The 

time to cookoff was 4.45 minutes and the reaction was labeled a deflagra¬ 
tion (Ref 5). 

It was reported In Ref. 3 that this material softened at about 138°C 

and melted completely to a black viscous fluid at 160°C, with general 

breakdown starting at 150*0. It was also stated that the TSI liner in¬ 

creased the decompositon of Composition B and TNT by a factor of 10 at 

170 and 190*0, respectively. The results indicated serious compatibility 
problems. 

Frot its chemical, physical, and compatibility properties, tt. TSI 

liner material would be inferior to the hot-melt (black mix) liner now 
in use in Mk 82 bombs. 

ESSEX LINER 

This liner material was received from the Essex Chemical Company. 

The TGA-DTG-DTA thermal patterns on the Essex liner are shown in 

Fig. 8. The material started to lose weight at about 200“C. The weight 

loss became rapid after 250*C and by 450*C it was a weight loss of 90%. 

The liner material exhibited strong exothermic reaction above the 300°C 
level. 

An SCB was lined with a 1/4-inch-thick layer of Essex material and 

loaded with H-6 explosive. The time to cookoff was 3.2 minutes. For a 

similar test with a hot-melt (black mix) liner, the time to cookoff was 

3.7 minutes. 

In Ref. 3, the Essex liner was found to greatly accelerate the re¬ 

action of Composition B and TNT explosives. It rated among the top of 

the group as being the least compatible liner with these explosives. 

The above data indicated that the Essex liner material would be an 

undesirable replacement for the standard hot melt (black mix) now used 

in Mk 82 bombs. 

UNIQUE LINER 

The Unique (UFI-1000) liner material was received from Unique 
Products, Inc. (later represented by Rocketdyne). This materiel is 
made from a two-part system (referred to as Part "A" and Part "B"). 
It was studied in both the cured and uncured state; the individuel 
parts were analysed also. Since this product showed promise in the 
preliminary screening tests, an Intensive study was made on this ma¬ 
terial. The study covered the physical, cnaalcal, and compatibility 
properties of this material. 
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Ab shown by the DIG and TGA curves In Fig. 9, the cured Unique 

material seemed to decompose by one minor and two major steps when 

heated at a constant rate. In the minor step region preceding the start 

of the first major step (260^0), the TGA curve shows that the sample had 

a weight loss of 3X due to water and other volatiles. During the first 

major step (260 to 450°C), the sample lost 75X of its weight. During 

the second major step (450 to 500°C) it lost an additional 15%, leaving 

7% of residue after 500°C. Between 350 and 400aC, the material underwent 

endothermic decomposition; after 400*C, the reaction became exothermic. 

An isothermal weight loss study was carried out to investigate the 

first two steps involved in the decomposition. The first step (minor) 

was the loss of water, which was going on from ambient temperature to 

about 190*C. The heat of vaporization or decomposition of this first 

step is shown in Fig. 10, with a value of 10.2 kcúl per mole. This 

proved to be water by the use of the mass spectrophotometer and IR 

analysis, and also that the heat of vaporization (assuming water) was 

565 cal per gram. The water, coming off in such large amounts at a 
temperature below the loading temperature of an aluminized explosive 

(H-6), would cause serious storage problems. The second step (first 

major) was the loss of a "liquid" which separated from the remaining 

solid material. The composition of this liquid was not known but IR 

analysis indicated that it was from Part "A" of the original two-part 

system. The heat of vaporization or decomposition of the "liquid" from 

Part "A" was 13 kcal per mole in the 200 to 300#C temperature region 

(Fig. 10). This material appeared to be reactive with the TNT explo¬ 

sive as indicated by the formation of a reddish compound. 

If this Part "A" and water could be generated on the hot steel in¬ 

side surface of the Mk 82 bomb during a fire, the water would act as the 

"carrier" for Part "A". They would then migrate through the liner to 

the explosive interface and a cookoff would occur on contact with the 

explosive. 

To demonstrate this point, a 1-inch-diameter by 1/2-inch-thick 

sample of UPI-1000 was cured on top of a 1/4-inch-thick piece of 3- by 

4-inch steel plate. A guard ring of inaulation material was used to 

protect the sides of the UPI-1000 material. Thermocouples were located 

at the steel/UPI-1000 Interface and on top of the UPI-1000. Heat was 

applied to the bottom of the steel plate. A schematic drawing of the 

setup for the fast-heat teat la shown in view A of Fig. 11. A plot of 
the log heating rate versus temperature for the steel plate was compared 

to that of a sand-filled Mk 82 bomb in a standard cookoff fire; the heat¬ 

ing rates were similar. The experimental data showed that the surface 
temperature of the UPI-1000 did not exceed 100 to 110#C during the test 

period of 5 to 7 minutes. 
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For subsequent teats, 30 to 50 milligrams of TNT vere placed on top 

of the Unique disc. During each test, the TNT started to melt when a 

liquid formed on the top surface of the disc. The boiling liquid appeared 

to form "mud pots" on the surface of the Unique material. The melted TNT 

appeared to go down the "mud pot holes" caused by the bubbling liquid. 

The TNT would change color to bright red. On cooling, a reddish colored 

waxy material was present. A schematic drawing of the test results is 

given in view B of Fig. 11. 

A related fast-heat study was made at the NASA Ames Fire Test 

Facility. First, a 1-inch-diameter hole was machined in the center of 

a 3- by 3- by 1/4-inch steel test plate. Then, a 7/8-inch-diameter by 

1/4-inch-thick steel button was potted in the 1-inch hole, using a high- 

temperature potting material. The test plate was held in a horizontal 

position. A 7/8-inch-diameter wafer of the Unique liner material was 

placed on top of the button and a thermocouple bead was placed on top 

of the wafer. An approximately 3-inch-thick piece of foam was used to 

insulate the wafer and top of the test plate. The fire side of the test 

plate was coated with carbon black to provide better heat conduction 

through the steel. 

Three Unique wafers were tested at Ames; the samples were 0.150-, 

0.242-, and 0.305-inch-thick. A log plot of time versus the reciprocal 

temperature is shown in Fig. 12. For comparison, a plot of data for a 

bare steel reference point from a sand-filled Mk 82 bomb is included. 

Data from an SCB cookoff test and a 1/16-inch bare steel plate are also 

shown. As can be seen, the lines are approximately parallel when the 

heat input is the same. Any change in the slope is due to a change in 

heating rate, e.g., the Mk 82 steel temperature, or decomposition of the 

Unique liner material. 

Because of the results obtained from the two fast-heat studies, 

additional tests were made on UPI-1000. The cured Unique naterial was 

tested at various temperatures from ambient to about 120c>C, alone and 

with TNT. At ambient temperatures the compatibility of the cured Unique 

liner material appeared to be good, but. the uncured material, and par¬ 

ticularly Part "A" of this system, reacted with TNT to form a reddish- 
type compound. However, at temperatures between 90 and 120 C, even the 

cured Unique material would break down and produce a red colored liquid 

as one of the end products. The original materials and the end products 

of the cured and uncured Unique material were analyzed by the DSC, IR, 

and mass spectrophotometer. This chemical study indicated the presence 

of serious compatibility and aging problems. 

The various studies showed that parts of this system reacted with 

TNT to form a reddish-type compound. It is known that TNT will react 

very easily, with amines or alkaline material, yielding compounds that 

are no longer TNT. Numerous investigations, carried out to elucidate 

the possible structures of these substances, have given no definite 
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answer as yet. Although no definite answer is known, it has been stated 

repeatedly that these products are much more sensitive to heat, impact, 

and friction than TNT by itself. Their high sensitiveness is of greatest 

practical importance, and it is a warning that great care should be taken 

to avoid bringing TNT into contact with these materials, especially in 

the presence of organic solvents (Ref. 9). 

The hand-mixed material had problems at low temperatures. In the 

temperature range of -4Ú to -54°C, the material cracked badly. The 

machine-mixed material was better and only showed some cracking after 

four days at -54°C and 8 days at -34°C (Fig. 13). The DSC thermal 

pattern and the 3-lnch-diameter solid cylinder both showed endothermic 

action at -35 to -39°C and at 0 to -12°C (melting-freezing). The 

melting-freezing temperature point (0 to -12°C) was due to the water 

present in the material. It was not known what caused the endothermic 

action at -33 to -30®C. 

The thermal diffusivity (a) was calculated by Eq. (1) and the 

thermal data from a 3-inch-diameter by 8-inch-long solid cylinder of 

the material. The value for a was 9.4 x 10~4 cm¿ per second in the 
temperature range from ambient to about 140eF. 

After aping in an SPB at 75#C (165°F) for a total of 37 days, the 

Unique material caused the development of ^ 5 pounds of pressure within 

the vessel. A bomb with no sample showed about 1.5 pounds of pressure 

in the same time period. After the first 4 days, the material apparently 

absorbed oxygen from the air because the mass 32, when compared to 

mass 38 or mass 40, had been reduced by about one-third or less over 

normal air. After 37 days, some of the oxygen had de-absorbed; the 

oxygen measured about one-half that of normal air. Masses 17, 18, and 

44 were present over the air background. Mass 17 is due to 0H+ and 

possibly NH$, mass 18 is due to water, and mass 44 is due to carbon 

dioxide. The latter two were confirmed by IR analysis. 

The SCB study was done w.th sealed containers lined with the Unique 

material, of various thickness, and loaded with H-6 explosive. Pressure 

and temperature data were recorded while the bombs were electrically 

heated. The results are given In Table 2. The pressure did not get too 

high 35 to 250 pounds) probably due to the water coming off. The 

water had a cooling action and this behavior was noted in the thermo¬ 

couple data in each time-temperature plot; usually, the time-temperature 

curve showed a "dip" In the 100 to 200oC region. In the 300 to 400^0 

temperature region, the "liquid" was apparently separating and coming 

off and this may have accounted for the majority of the samples having 

about the same cookoff time regardless of the liner thickness. This 

would not be see’, in the compatibility study by Joyner (Ref. 1, 2, 

and 3) since his tests were 100 to 200#C lower in temperature. These 

studies indicate that when the inside steel temperature of a container 

(Mk 82, etc.) reaches about 400 to 450*C cookoff would occur. 
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TABLE 2. SCB Resulta with H-6 Explosive and Unique Liner. 

Liner 

thickness, 

in. 

Va 
°c 

T b 

°c 

» c 
T , 
m 

eC 

d 
¢, 

°C/sec 

Cookoff, 

min. 

Press,e 

PSIG 

f 
Steam/ 

°C 

0.188 

0.200 

0.200 

0.250 

0.250 

0.300 

0.300 

20 

35 

29 

30 

35 

36 

30 

45 

61 

33 

29 

37 

37 

30 

115 

194 

108 

162 

177 

144 

93 

1.58 

2.65 

1.32 

2.20 

2.37 

1.80 

1.05 

3.30 

5.00 

4.77 

4.15 

4.78 

2.10 

5.25 

190 

246 

85 

33 

62 

195 

207 

164 

137 

154 

"‘Temperature at zero time 
h 
Temperature at liner/explosive interface after 1 minute 

'Temperature at metal/liner Interface after 1 minute 

^Heating rate at metal/liner interface during first minute 
6 
Final pressure at time of cookoff 
f 
•'Tern, era ture of steam at final pressure 

A test was made on a sand-filled Mk 82 bomb with a 0.215-inch-thick 

Unique liner and that had Tuffseal as a sealer between the sand and the 

aft end plate. There were 20 thermocouples located internally and four 

located adjacent to the outside skin to record the flame temperature. 

The time-temperature plots of the thermocouples were made for their first 

10-mlnute exposure to the enveloping flame. Theoretically, by using the 

above data and assuming that the liner acts as a true insulator until it 

breaks down, then cookoff should not occur until after about a 7- to 10- 

minute exposure to an enveloping flame. However, if the liner material 

gives off a ’’liquid" at about 400 to 450*C, which is not compatible with 

TNT, then cookoff would occur in about 4 to 6 minutes. 

A second test was made with a Mk 82 bomb which had a Unique liner 

and was filled with H-6 explosive. This bomb also used Tuffseal as a 

sealer between the bomb load and the aft end plate. The live bomb 

cooked off in less than 43 minutes. Evidently, the bomb cooked off 

as predicted previously, i.e., a "liquid" was generated and it caused 

an early cookoff time. 
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As shown in the TGA-DTG-DTA thermal patterns (Fig. 16), the coating 

material started to lose weight at 70 to 75°C. Above the 100°C level 

the weight loss rate increased and the sample had a weight loss of 63% 

at the 700*C level. The DTA curve showed that the decomposition reaction 

was endothermic to 275*C, thereafter becoming exothermic, due to the burn¬ 

ing of the binder. At the end of the test run, there was about 37% resi¬ 

due in the sample holder. 

An IR pattern was obtained on a sample which had been pyrolyzed 

at 500°C for a 1-minute period. Absorption peaks were present at 1,730, 

1,360 and 1,210 cm-1, which indicated the thermal breakdown of the binder. 

An IR run was made on a sample which had been pyrolyzed at 900°C for a 

1-minute period. The spectrum had absorptions peaks at 3,300 (broad), 

3,000, 2,310, 2,170, 2,105, 2,080, 1,730, 1,360, 1,210 and 950 cm-*1, which 

indicated burning (formation of CO2, CO, and H2O) and binder decomposition. 

Two Mk 82 bombs, loaded with H-6 explosive and coated with the Pfizer 

material, were subjected to a fast cookoff in accordance with Ref. 6. 

For the first Mk 82 bomb, the cookoff time was 20 minutes 2 seconds. 

The flame temperature reached 982“C (1800°F) for about 2 minutes, but the 

average temperature was about 777*C (1A30°F) for the overall test. This 

was below the minimum specification temperature of 899°C (1650°F) required 

in Ref. 6. Since there were no internal thermocouples, the heating rate 

could not be determined at the inside metal surface. The results of this 

test were considered to be a detonation since only small fragments could 

be found (Ref. 5). The fragment size was about 1 inch on an estimated 

average. The biggest piece measured about 5 inches long by 1.5 inches 

wide (Fig. 17). The thickness of the coating was not measured on this 

bomb. 

The second Mk 82 bomb had a coating thickness of 0.193 inch at the 

nose, 0.178 to 0.188 inch at the middle, and 0.184 inch at the aft end. 

This exceeded the 0.150-inch specification limit. The time to cookoff 

was 13 minutes plus. The average temperature of the fire was above the 

specification temperature of 899*C (1650oF). Evidently, the higher aver¬ 

age flame temperature caused the bomb to cook off in a shorter time period, 

even though it had a thicker coating of material on the outer skin. The 

test result was determined to be a deflagration (Ref. 5). Figure 18 

shows a section of the bomb case. 

THERMAL LAG PAINT (Coating) 

This coating material was received from Thermal Systems, Inc. 

A TGA curve showed that the freshly mixed paint, aged 1 hour, lost 

weight rapidly from ambient to 100°C and leveled off to a weight loss 

of about 80% between 150 to 350*C. Then there was a 17% stepwise weight 
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loas to about 425*Ct leaving a 3% residue by the end of the run. The 

TGA-DTG-DTA thermal patterns on this paint, dried for 1 week, are shown 

in Fig. 19. As shown by the DTG and TGA curves, the decomposition oc¬ 

curred in two steps. During the first step, the material started to 

lose weight at 100#C and by 250°C it had lost 24Z. The second step 

ranged from 250 to 450°C, where the sample lost an addltional^63X. The 

DTA curve showed a strong exothermic reaction starting at 156 C and at¬ 

taining a peak at 400*C. The two test runs indicated that the paint 

would suffer weight loss on aging. 

CECO PAINT (Coating) 

This coating material was received from the Cheesman-Elliot Co. 

This paint was used in the Naval Ordnance Laboratory (NOL), White Oak, 

Maryland, "Quick Fix" for the Mk 82 Bomb System. 

The TGA-DTG-DTA thermal patterns are shown in Fig. 20. The paint 

showed a gradual weight loss from ambient to about 70#C, then a rapid 

loss to 125°C. There was a 50X loss in weight to this level. Then at 

210*C the sample started to lose weight again and by 600°C it had lost 

an additional 36X. The thermal patterns show that the décomposition 

reactions of this paint appear to be quite complex. 

AVCO COATING 

This material (FM-26) was received fiom the AVCO Systems Division. 

The TGA-DTG-DTA thermal patterns are shown in Fig. 21. The material 

first showed a gradual weight loss in the 100 to 225’C temperature region. 

This may have been due to unbonded water in the material. The weig 

loss in this region was about 7X. The second weight loss region was 

from about 225 to 350*C, which accounted for about 20X of the sample. 

Both of these regions were endothermic. The third region, 350 to , 

was exothermic; the materiel was apparently "burning in the air atmos¬ 

phere. The weight loss in this region was about 35X of the sample weight. 

The last region, 450 to 550BC, was similar to the third region in that 

apparent "burning" wta taking place, with about 6X of the sample weight 

being lost. The residue was about 32X of the original weight, after 

being heated to 550“C. 

A sample of the material was pyrolyzed at 400 and 900*0 and the 
residual gas-liquid was analyzed by IR. Water, carbon dioxide, carbon 

.ml m organic n.t.ri.1 <.t 1.720 to 1.760 «-1) ... ob.«rv.<i 

in the IR spectrum. 
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TUFFSEAL SEALES 

The Tuffseal sealer material was obtained from the H. H. Robertson 

Company. This material was a candidate as a replacement for the wax 

normally used to seal the bomb after explosive loading. Therefore, the 

major concern was with the chemical and thermal stability of the sealer 

and the compatibility of the sealer with explosives. 

The sealer is primarily a polyurethane binder with an asphaltic 

filler. Tuffseal is cured from a two-part system and the nonproprietary 

composition of each is: 

Part A 

1. Petroleum asphalt 

2. Hydroxy-modified pclydiene 

3. Plasticizer mineral oil 

4. Catalyst-alkyl tin 

Part B 

1. Petroleum asphalt 

2. Plasticizer mineral oil 

3. Nonvolatile isocyanate-terminated polymer 

4. Molecular sieve compound 

The general thermal stability may be pictured from Fig. 22, which 
is a TGA-DTG-DTA thermal pattern on the cured Tuffseal. The decomposi¬ 

tion of the Tuffseal appeared to be in four steps, starting at about 

150oC. During the first step, it lost about 8X of its original weight, 
with some exothermic action at 228 to 290*C. This could be an endothermic 

reaction, but since air was flowing over the top of the sample, this coula 

be a "burning" of the organic material coming off. The second step was 

very abrupt in reacting, but was probably similar to step one. The third 

step gave the greatest weight loss, but it was not a simple decomposition 

reaction, as indicated from the DTG thermal pattern. The ««W loss was 

about 63% in the temperature range of about 350 to 450 C. The 
step was in the 450 to 575*0 region and the weight loss was an additlonal 

24%. 

A sample of the cured Tuffseal was pyrolyzed at about 700°C for 

30 seconds and the residual gas-liquid was analyzed by IR. The spec¬ 
trum showed absorption peaks corresponding to petroleum aaphalt and car¬ 

bon dioxide. This should be related to the asphaltic filler and to the 

thermal decomposition of the polyurethane binder. 
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The Isothermal decomposition of Composition B and TNT in the presence 

of cured Tuffseal has been studied by Joyner (Ref. 3). In this study, it 

was shown that Tuffseal produced very serious accelerations on the decom¬ 

position of the explosives, the worst being with TNT. It was also reported 

that TNT, in the presence of Tuffseal, produced pressure bursts at rela¬ 

tively low temperatures in the temperature range studied. Although Tuff- 

seal is mainly an asphaltic filler (estimated at BO to 90Z), the acceler¬ 

ation of Tuffseal on TNT was greater than the asphalt on TNT. To show 

the acceleration, a plot of log half-life (A in seconds) versus tempera¬ 

ture was taken from the data in Ref. 2 and 3 and is shown in Fig. 23. 

\nd, as Joyner suggested, something other than the asphalt present in 

the Tuffseal tías entering into the reactions. Additional studies indi¬ 

cated that this was true. 

Compatibility tests were made on the components present in Tuffseal 

in an attempt to identify the component(s) responsible for increasing the 

decomposition rate of TNT. This explosive was chosen since it was readily 

available and it is common to many explosive formulations. The Tuffseal 

components were received from the H. H. Robertson Company. 

The first component tested with TNT was a combination of petroleum 

asphalt plus a plasticizer mineral oil. This component is common to both 

the A and B parte of Tuffseal. Asphaltic mixtures with TNT are known to 

increase the decomposition rate of TNT (Ref. 2). This component appeared 

to dissolve the TNT and form a reddish-tint substance. However, any 

color change cannot always be accounted for because of the black color 

of the asphalt. An IR pattern, on this component and TNT mixed to¬ 

gether, showed absorption bands of each and they could be separated by 

solvent, action. The melting point, onset to exothermic action, and the 

exothermic peak temperatures determined on the DSC for TNT alone were 

75, 308, and 331“C, respectively. For TNT and this component, the tem¬ 

peratures were 76, 255, and 292#C, respectively, a drop in the last two 

temperatures. For comparison, a sample of regular hot melt with TNT 

gave 79, 236, and 274°C, a greater decrease in the last two temperatures. 

The next component tested was a hydroxy modified polydiene, a color¬ 

less oil. It appeared to lighten the color of the TNT, with some pos¬ 

sible solvation action. The DSC results were 76, 211, and 247 C, for 

the melting point, onset temperature, and exothermic peak temperature, 

respectively. 

The third component was a nonvolatile isocyanate terminated polymer. 

This polymer is a liquid which readily dissolved the TNT. This was con¬ 

firmed by IR analysis. The polymer appeared to react with the TNT at 

95°C, after a period of leas than 4 hours. The new compound may be an 
addition-complex with the TNT. The new complex was insoluble in carbon 

tetrachloride, whereas the polymer was soluble and the TNT was sparingly 

soluble. The IR pattern showed that both the polymer and TNT were 

present in the apparent complex. The DSC data did not show a melting 
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point, since a one-to-one ratio of polymer-plus-TNT mixture is a liquid 

at room temperature. The onset temperature was 240 to 263*C and the 

peak temperature was 284 to 288°C. After a chemical separation of the 

apparent complex, the melting point was 67 to 73#C (very broad), onset 

temperature was 256*C, and the peak temperature was 298°C. No attempt 

was made to purify the apparent complex. This polymer alone appeared 

to dissolve the dried black cavity paint but not the Super Gem wax (a 

product of the Tetrolite Corp., New York, N.Y.). This wax is one of 

the end sealers used in the production of explosive-loaded Mk 82 bombs. 

Some additional studies were made on a purified sample of a non¬ 

volatile isocyanate-terminated polymer which was received from the 

H. H. Robertson Company. The TNT and the isocyanate polymer were placed 

together in a flask (fitted with water traps) for approximately 5 hours 

over a boiling water bath. The resulting material was thrice recrystal¬ 

lized from carbon tetrachloride; the product was an off-yellow waxy look¬ 

ing substance. The melting point was about 2*C lower than the TNT used, 

with the softening point about 6#C lower. The exothermic peak was about 

14°C lower than the TNT alone. From the heat of fusion and weight loss 

data, it was estimated that the composition of this material was about 

three parts of TNT to one part of the isocyanate polymer by weight. The 

IR pattern on this material showed the presence of both the TNT and the 

isocyanate polymer. The plot of specific rate constant (zero order) ver¬ 

sus temperature data, determined from the DTG curve, gave the same value 

for the heat of vaporization with either the TNT or this material. The 

value was 17.0 kcal per mole. Laboratory teats have shown that the TNT 

is presumably dissolved far faster by the isocyanate than by the other 

components in Part B. 

The fourth component was the catalyst, which is an alkyl-tin com¬ 

pound The alkyl tin appeared to dissolve tb- TNI (confirmed by IR 

analysis) and to lighten the color of the TNT. The DSC data gave 76, 

228, and 257"C for the melting point, onset temperature, and peak tem¬ 

perature, respectively. 

The fifth component tested was a molecular sieve compound. ThJ ; 

component was a white powder. It did not appear to react with the TNT 

at room temperature, but it did form a pinkish color with melted TNT. 

The IR spectra showed nothing unusual, with or without the TNT present. 

The DSC data showed temperatures at 79, 233, and 257*C, for the melting 

point, onset temperature, and peak temperature, respectively. 

All of the components lowered the exothermic onset and peak tempera¬ 

ture, which was due, in part, to the heat transfer involved in each mix¬ 

ture. They also accelerated the decomposition of the TNT. 

The nonvolatile isocyanate component also was reacted with Composi¬ 

tion B and H-6 explosives and the results were similar to that for TNT. 

This component would readily dissolve the TNT in both Composition B and 

H-6 explosives. The wax present in each explosive did not stop this 

component from dissolving the TNT. 
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A study was made on Tuffseal taken from two Mk 82 bombs which had 

been temperature-cycled. The bombs were loaded with H-6 explosive and 

contained Tuffseal (50/50 parts by weight of A and B) between the explo¬ 

sive charge and the aft end plate. One bomb was coated with Pfizer ma¬ 
terial and the other with AVCO material. 

The Pfizer-coated bomb was aged according to a modified WR-50 safety 

test. The bomb was temperature-cycled for 14 days between +60 and -40°C 

(+140 and -40*F). Then the aft end of the bomb was cut off and sectioned. 

A picture of the sección shows the explosive and Tuffseal (Fig. 24). A 

piece was taken of the Tuffseal that was between the explosive and the 

back plate of the bomb. The DSC thermal pattern showed that the loose 

powder, removed from the surface of the piece of Tuffseal which had been 

backing the explosive, was just RDX with no TNT present. A sample of 

Tuffser.l was then taken every 0.2 inch from the Tuffseal-explosive inter- 

ace. An IR analysis of the first 0.4 inch showed the presence of TNT 
in the Tuff seal. Using a microscope (20 - 100 power), it was observed 

that small red crystals were located throughout the Tuffseal. Tuffseal 

that was cured without being in contact with explosive did not have these 

red crystals. The assumption that the red crystals were associated with 
the TNT was confirmed by IR analysis. Pockets of red crystals were 
also found in the Tuffseal. 

The AVCO-coated bomb was cycled according to a standard WR-50 safety 
test, 28 days between +74 and -54°C (+165 and -65°F). Then, the aft end 

of the bomb was cut off and sectioned, as shown in Fig. 25. An examina¬ 

tion of a piece of the Tuffseal showed that TNT was present for about 

1 inch into the sealer material. It is possible that the TNT extended 

further into the Tuffseal, since the IR analysis was limited to a mini¬ 

mum value of about IX. There was loose powder at the surface and red 
crystals were present throughout the piece of Tuffseal. 

Studies were also made on Mk 82 bombs, containing Tuffseal in dif¬ 

ferent ratios of Parts A and B, to determine the extent of the migration 

of TNT from the H-6 explosive into the Tuffseal. Six aft half-sections 

of Mk 82 bombs were examined. The three AVCO-coated (AV) bombs had been 

subjected to temperature cycling (WR-50) from -65 to +160#F in an air at¬ 

mosphere that had a relative humidity value of 95X. The three Pfizer- 

coated (PF) bombs were stored at ambient temperature. The sections were 
identified as follows: 

Bomb No. Tuffseal A/B, Loaded 

parts 
Cut Sampled 

AV-10-5 57/50 

AV-10-3 50/50 

AV-10-6 50/57 

PF-4-1 57.5/50 

PF-4-3 50/50 

PF-4-4 50/57 

4/71 7/20/71 8/13/71 

4/71 7/21/71 8/13/71 

4/71 7/21/71 8/13/71 

12/70 7/20/71 8/13/71 

12/70 7/20/71 8/13/71 

12/70 7/20/71 8/13/71 

44 





B
e
t
w
e
e
n
 
+
7
4
 
a
n
d
 
—
5
4
°
C
 
(
L
H
L
—
1
5
7
1
1
5
)
.
 



A piece of Tuffseal was taken from each MCtion. Then, 
<*if «Ucea were cut from a 1/2-inch-wide by 1/4-inch-thick slab that 

extended fron neer the Tuffseel/H-6 interface to near the Tu”J'* ' 

r.r.l ring Interface. Slice Ho. 1 va. n..r«.t to the H-6. Ihe eUc 

analyzed for the presence of TNT by the procedure descrioeo in 

Ref 10 yThere were two modifications to the technique: (1) 
Inatead of^dtmethylauf foxide (DMSO) , wee need a. ^..olvent, .^(2, 

the peak at 505 my was measured 15 minutes after •ddlng y 
SÎLÏne (EDA). The quantitative results are given in Table 3. 

A second piece of Tuffseal was taken from the 

1/4-inch-thick slices were obtained from the small 
slices were qualitatively analyzed for the P««nc. of TNT by the^use 
of the IR. Each piece was soaked for 4 to 6 hours in w 
to extract any TNT present in the sealer material. A small amount ot 
1,S £ puced on .n IK wind- nnd .Uovcd ro .v.por.t. *» 

speccrun v.. ohr.lned on ^ îh/lndlca- 
also showed the presence of TNT in the slices o 
tion was positive for the samples that contained more than IX of TNT. 

Because of the operational limitations of the instrument, it «aa n°£ 

possible to positively identify TNT in quantities less than about IX. 

bRach slice * 1/4-inch-thick. 

°X - only 4 slices in this section. 

KOTBl Th« AVCO-co.t.d bonb. (AV) «r« te«p.r.ture/h«ldicy cycled 

in accordance with VfR-50. 
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Previous tests on an unaged bomb showed that the TNT migrated about 

1/2 inch through the Tuffseal. During aging, small salt-like crystals 

were deposited as a powdery residue at the Tuffseal/explosive interface. 

DSC tests indicated that these loose crystals were RDX. Little or no TNT 

was found in the boundary layer. The studies have shown that the TNT 

migrated slowly after initial loading at ambient conditions and migrated 

rapidly during accelerated aging. 

To illustrate this migration phenomena, a photomicrograph was taken 

of a piece of Tuffseal which came from an H-6 explosive-loaded Mk 82 

bomb. Under 20-power magnification, three distinctly different types 

of colored crystals were observed; the colors were yellow, red, and 

clear white. The yellow crystals were TNT, the red were TNT which had 

reacted with one or more of the components of Tuff seal, and the white 

crystals were RDX (Fig. 26). The crystals were identified by the use 

of IR and DSC. 

Samples of H-6 explosive were taken from an area Just below the 

explosive/Tuffseal interface. The results of the chemical analysis are 

given in Table 4. A significant difference was observed in the RDX 

content in the samples from the two differently coated bombs. The 

accelerated-aged bombs (AVCO-coated) had a lower content of RDX ('v 1%) 

than the unaged bombs (Pfizer-coated). Presumably, the RDX had migrated 

to the explosive/Tuffseal interface. 

TABLE 4. Chemical Analysis of H-6 Explosive. 

Bomb no. 

Percent by weight** 

RDX TNT + wax A1 

AV-10-5 

AV-10-3 

AV-10-6 

PF-4-1 

PF-4-3 

PF-4-4 

42.88 

42.45 

42.40 

43.39 

43.59 

43.47 

35.67 

37.15 

35.81 

35.33 

35.93 

35.09 

21.45 

20.40 

21.79 

21.28 

20.48 

21.44 

aAverage of three trials, except average of two trials on 

Bomb no. AV-10-3. 

48 



Sí 
a 
« 
u 
at 
o 
id 
o • 

§5 
4J lA 
O r-t 
Sí Si 
Qu r-l 

I 

• à 
\Q hJ 
Csl ^ 

• J3 
O B 

u. S 



SUMMARY 

lor Aid not offer much improvement over 
The liner material?, as a It, ^ guch a8 Unique, a great num- 

the present hot-mclt liner. n f To ’je'acceptable, a liner should be 

b«r of "thor problem» ”re „...pattbl, »1th explosive., end have 

nonmelting, ^ ‘b"„,lstlng oxidation for example. 
good chemical stability y . ,maf.cs • thermal 

The coating ateríala ^ ^r'atire., Tf* 
analysis data sh-ved appreciable weight los» 

AVCO coating appeared to be t e s . ctlon {or a Mk 82 
The one sealer, ïuffseal, it came in contact with 

in a fire, but it had c°“P^biL ^ apparently some RDX from the H-6 
explosives. Tuffseal absorbs TNI PP aging. The red crystals of 

explosive during t£l and also clear white crystals are 
TNT are present throughout the luti 

present which appear to e f the candidate materials 

ro hofr^rjLiï; ^ -—- - 
cookoff is tabulated in Table 5. 

TABLE 5. 

Material 
(liner/coating/ 

sealer) 

Hot melt 

Thiokol 

1SI 
URP-2 
TSI 
Essex 

Unique 

No liner 
Pfizer 

Thermal lag 

CECO 
AVCO 
Tuffaeal 

Sumamry of Evaluated Candidate Haterlal.^ 

Compatibility 

0 

0 
A- (water) 

♦ 
0 

0 (water) 

NA“ 
NA 

NA 
NA 
NA 

Type of reaction 

270 

300 

300 

200 
350 

300 

400 

NA 
275 

155 
430 

350 

230 

Deflagration 

Deflagration 

Explosion 
Deflagration 

Deflagration 

Deflagration 

Deflagration 

Deflagration 

Detonation/ 
deflagration 

(Not tested) 
Deflagration 

Deflagration 

^compatibility wirh b 3 and thi8 study for dv i). The 
0 - same, - - worse, ^ f with aluminized explos s. 
presence of water would be a probl ^ ^ the degrce of burning. 

¿Start of air oxidation (DTA-TGA J __ ^ ^ bonb data< 
cke defined in Ref. 5, using H-6 explosive, SCB, and/ 

/im.. _ i -- 



For the data in Table 5, i.e., the compatibility of liner and sealer 

materials with explosives, other tests were performed in addition to the 

standard compatibility tests such as DTA, vacuum thermal stability, color 

change, etc. These additional tests were employed in the following studies 

on the effect of the liner and sealer materials on the explosives: 

A. Effect on thermal decomposition rate of the explosive in the 

presence of different liners and the sealer. In Ref. 3, it was shown 

that the liners varied in their effect on the decomposition of TNT and 

Composition B; e.g., the URP-2 liner having little effect to that of the 

Esst y liner having a larger effect. The accelerations in the decomposi¬ 

tion rates of the explosives can shorten the time to cookoff. The kinetic 

data from the decomposition studies can be used in the heat flow equations 

to predict the critical temperature of the explosive and, consequently, 

the time to cookoff can be calculated for specific temperature levels 

(Ref. 4 and 7). 

B. Effects on chemical stability of the explosive. Water present 

in the liner may react with any aluminum in the explosive to form hydrogen 

gas. The hydrogen gas may cause excessive pressure buildup or the gas may 

contribute to a haaardous/flammable situation. 

C. Reactions of TNT with bases. Several of the liners and the 

scaler material had an alkaline nature. It has been reported in Ref. 9 

that TNT reacts with bases (Meisenheimet1s reaction) to form addition 

compounds or new compounds. These products are usually much more sensi¬ 

tive to mechanical and thermal shock than TNT. 

D. Migration of explosives. It has been observed that explosives 

readily migrated into and throughout a liner and sealer material (Fig. 26). 

Individual components in the material can react with the explosives to for.-n 

new or addition-type products which are not very stable. 



NWC TP 5146 

REFERENCES 

1. Naval Weapons Center. Thermal Decomposition of Explosives. Part 1. 
Effect of Asphalt on the Decomposition of RDX-Bearing Explosives (U). 
by Taylor B. Joyner. China Lake, Calif., NWC, March 1969. (NWC 

TP 4709, Part 1, publication CONFIDENTIAL.) 

2. -. Thermal Decomposition of Explosives. Part 2. Effect of 
Asphalt on the Decomposition of TNT (U), by Taylor B. Joyner. 
China Lake, Calif., NWC, April 1969. (NWC TP 4709, Part 2, publi¬ 

cation CONFIDENTIAL.) 

3. -. Thermal Decomposition of Explosives. Part B. The Reactions 
of Composition B and TNT in the Presence of Various Potential Cavity 
Liners and Sealants (U), by Taylor B. Joyner. China Lake, Calif., 

NWC, 1971. (NWC TP 4709, Part 8, publication UNCLASSIFIED.) 

4. -. Thermal Analyses Studies on Gelled Slurry Explosives (U), 
by Jack M. Pakulak, Jr., and Edward Kuletz. China Lake, Calif., 

NWC, May 1971. (NWC TP 5023, publication CONFIDENTIAL.) 

5. Naval Ordnance Systems Command, Navy Department. Standard Termi¬ 
nology for Ordnance Explosive Reactions Obtained by Cookoff (U). 
(NAVORDNOTE 8020, ORD-93221, 23 April 1969, publication UNCLASSIFIED.) 

6. Bureau of Naval Weapons, Navy Department. Naval Weapons Requirements. 
Warhead Safety Tests$ Minimum for Air, Surface and Undemater Launched 
Weapons (Excluding Mine and Nuclear Warheads). (WR-50, dated 

13 February 1964, publication UNCLASSIFIED.) 

7. U. S. Naval Ordnance Test Station. The Thermal Decompositon 
Characteristics of Explosives (U), by C. D. Lind. China Lake, 

Calif., NOTS, February 1962. (NAVWEPS Report 7798, NOTS TP 2792, 

publication CONFIDENTIAL.) 

8. Naval Weapons Center. Temperature Data on Mk 82 Bombs Used in CASS 
• Mini-Deck Tests, by Jack M. Pakulak, Jr., and Edward Kuletz. China 

Lake, Calif., NWC, Oct. 1970. (NWC TP 4967, publication UNCLASSIFIED). 

9. Urbanaki, T. Chemistry and Teohonology of Explosives. Volume 1. 

New York, Pergamon Press, 1964. Pp 290-311. 

10. Glover, D. I., and E. G. Kayser. Quantitative Spectrophotometric 
Analysis of Polynitroaromatic Compounds by Reaction with Ethylene- 
diamine. ANAL. CHEM., Vol. 40, No. 13 (November 1968), pp 2055-58. 



(PAGE n ubclassifiid 
SccurtW t!U»n(ic«tion 

UNCLASSIFIED 
untv 

DOCUMENT CONTROL DATA R & 0 
.. ....nun ....... ",lf.. 
. ...B. m /-» m ■ CT f* . I (3 t TV f 

7-oThTTna tino ACT<W«TV f(*»»Pf»or.ilr author) 
UNCLASSIFIED 

NAVAL WEAPONS CENTER 
CHINA LAKE, CALIFORNIA 93555 

lh <jwou** 

THERMAL ANALYSIS STUDIES ON CANDIDATE LINER, COATING, AND SEALER MATERIALS 

FOR THERMALLY PROTECTED MARK 80 SERIES BOMBS 

4 LiCOiPtivENOTEJ fTyp» at tapou atuí Ineluaira lialea) 

FINAL REPORT 
Av.) tmORiSi (F^rtr nsm* rruddl* mitisl, hm n*m*) 

Pa kulak.. Jack. M. Jr., and Kuletz, Edward 

I« MtPOMT OA Tt 

February 1972 

AirTask W4703-02, Work Req. 9-7197 
6. PHOJtCT NO 

7». TOTAC NO OF PAGES 

52 
ta. o»IG<N» 'OX'S XEXOX T NUMBCXiEI 

NWC TP 5146 

OTHt* «CPOMT nO<*> fAr*y of/»*f numb«™ f*«f msy 6# •ê$ign0d 
thi* r+port) 

10 DISTRIBUTION »TATfMtNT 1 « a. 4 . O Q 

Distribution limited to U. S. Government agencies only; test and evaluation, 25 
Februar/ 1972. Other requests for this document must be referred to the Naval 

Weapons Center._ 
I a SP ON SO RiNG military activity 

Naval Air Systems Command 
Naval Material Command 
Washington, D.C. 20360 

The thermal stability of candidate liner, coating, and sealer 
The ‘herma y studied over a temperature 

materials ^ and liner materials were also 

‘tS-i,; c-Æù^l- Sî. ». .»a H-6 «plo.lv... 

In addition “ All ctndidate liner materials 

possible contact with explosives. 



K tV *0*0* 

THERMAL ANALYSIS 

THERMAL STABILITY 

LINERS 

COATINGS 

SEALER MATERIAL 

COMPATIBILITY/EXPLOSIVES 

MK 80 SERIES BOMBS 



A
B

S
T

R
A

C
T
 

C
A

R
D

 

i 
M 

I 

CM 

o\ 

Ü 
•• o 

00 O 
c n o 

« 
0 (0 
u « 

,-a S 3 • 
R, O «9 ? Q _ _ 
® <» K w a 
c « . jO H * 5 

o M 1Í to- W -5 
1¾ t ^ 64 H 

a, co 

¿ 
M H H 
o a 

I 

IN 
X «a «a z 

a « o 

<0 
-- • 
H -rC ■«■ - 

64 iA 

ht! 
« (S 33 

« 01 2 
S ^ ä 

I m ca 

01 
64 

' 

ã 
64 a o 

o w 

44 64 

/-> CB 
64 01 
01 "r4 

è o 
s-/ O 

00 

Xf 
64 
. 
a 

o» ^ 
oo -no 
p m n jo 
« f-j g « 
6- « a i 

6 s, _ , _ 
Q X O 0Í 

(n V-, <J • •H >4-1 J3 
C» «0 0» r-4 O « 

•r4 « AÍ ® .- - 
'Mr-S A 3 >. 64 9 M 
¿<3>>*Ja4JO ' * 
-C V XI -H 44 2 „ 64 ® w c \0 t4 » 

■M xa -H sr 43 <-4 =. - 
0 X* 

0» 64 8 0) 
64 0) O 4= 

64 *4 

I 

o 

01 eo-tiÆT4«tf®>-4 ã 
4-*-»4öf4S^io«)a 

I 
U 

CM 
t-' 
O' 

CJ 
o 

ß CO O 

sT ö 

•*4 O 
•-a ' 

i 
o 

(¾ CO 
<v\ « a 
4S o 
W r-i td ^ 
^ rH 

Q t*a ^0 

§,S ^ 

« 1* £ 
». H 44 fl "p 

§ ’ S ï ï * i3 ï ^ 
a»-» Ò5 » -H » o» 64 - 
«g Co 3 W J5 0» _ . 
<U g T3 64 44 rM 4H 43 

.flS-SS^ 
Kl 

:1:1 

•o 
„ >4® 
« *4 fl 

•H 
> 64 1-4 d 
O 0) iH M 

s &e^:i « |s fias s se N 

CM 
P» 
Oc 

U 

« r-i C* CO O 64 H iH 
õ -h S r» o a g 
cj’xs h *43 .^ a p 

¡pis’- 
âliSEi. 

*>6 H * o fl> 01 I « « 
a z 4-1 to 

ü rë^ 
a »w a -h 

64 0) 
fl» Tt 
è g- w u 

00 

4% 
% 
1 
U 

fl r- 
44 3 4M 

_ . . « U 
„ «( * O CB 3 t» 

-29^22 
• 43 H • o fl (0 

64 01 a 64 43 fl) 
•-» a m a» o 44 

O « *4 
ri 0) O 
r-4 -pt -í CB 

^ J 64 Ul -4 
g U AJ fl I fl 

3 g 44 fl 
J4 - 9 « a fl) 
fl . TJ O O 64 

„«aad-Hoo ai 

Ss,x3îj3à§2 
.O Jfl O fl) 64 « 

eoM-,t) •- f4 IM 43 t4 
« fl0)M4O44fl)64 

■M CJ ’“J 43 64 fl) 
'Wc-i fl 3 a 64 3 44 
3 a ai-4 a mi 044 « 
-B V 43 -h a fl @ 
to i fl «r-4 64 

64 ajeoCcOiMflfl))- 
fl) 0} -M .Q -m MT 43 r-l a fl) 
44 -ri a ^ 4S ^4 « « 0 c 8 60^001044^¾^ 

a, 0Q fl 64 44 p4 
o po' 6, a fl) 

«Cüfl •Hr-tWflTJ 
en s: i-S ca n fl fl c 

o^SsîoiaE“«10 
a PO to .fl H g « 64 > 64 

CO 
64 0) 
01 

si â! 
01 

10 X 

0) 

2 fl 
fl U 

fl 
- I 

« >< 
64 

c o 
O 44 
ri <0 
U 64 
•H O 

CD Xi 
o «0 
P« H 

g 0, 
U jC 

d 
X o 

S -H 
X3 

a® 
64 fl 

00 

•3 
64 

fl 
o 

o 

« g CO 3 ^4 4S 

iilo“ “ 
« 6 a» -o - ï 

tu O fl) 

S2 
. . jc 64 ax ® -h 
® K « an -g 

I fias r 

r-) J3 
fl ri 
0) U 

_ 1) 

u«ë 

ta « 
a 0) 

12 
U « 

CM 
I P» • 

43 06 00 

§ ^ 2 
0¾ h 

a po y /*p • 
•ï -B 0 g _• 0 

6, Ü fl 3 

U 
o 
P O 
O U ri 

S ^ 

11 

44 64 
fl a *64 d -P* 00 V 

„ T* o •g o) » 

hiS^ssh U 

2SÜ 
• X bi r 

64 .0) a 64 

P'É-’PS s 
fl • • CO "H 

P4 f-4 % U fl) 

il :N 
g <» a >44 d -h 

n:3is 
fl « fl) r4 O 

fl T) J< 43 . 

â? 

Si 
4) 

• „ ^ -C J 43 44 I 44 
« fl 03 

0) 41 
O 44 <0 H 

a 0 d fl 
fl O fl 6) 
ti mt <a « 
64 iA H • I 
o» I fl m în 
C0 64 

44 0» d O SO 64 O 44 
fl T) fl 

« » 44 64 

Ne || 
ssii 

4*^ CO 
U 4» 
0) «H 

è §■ 
O 

00 

•d i 
U 



(0 

ït 
O H 

43 -H 
« 

CN 'W 
oo 

m 

43 14 
44 (U 

« 
44 M 
« (U 
O) fl 

O 

43 
«a- 
r-i 
lO 

ft 

9) 
r-i 9) 
9) 44 
y « 
« -a 
I Tl 

■h *a 

-3 S 
O 

(0 • 
*J TJ 
(0 0) 

■3 3 
» iH 

0) U 

^ 9) 
44 b 
in a 

i 

O 
44 |4 9) 

44 Tl A >4 
«-I 43 f «•H N 5 

43 « 
I M tI oo 

44 a» r-l H 
O Tl * 

43 44 41 Tl 
O -H 14 

44 fl 44 91 
C 91 44 

S3 
9) TJ 
h 
a h 

.ü 
2 44 
44 -H 

91 

U 00 

«3 
44 

M « 
O O 

U 
kl « 
o ¡K 44 01 
44 « C 44 

43 91 9) 
00 44 i T) 

ai > -g 
O fl 
kt R) 

• I 91 
TJ ¿ Tl 
9) O 43 
kl kl -H 
o a a 
a a 

>1 o 
9i 44 a 
M Tl 

$33 
43 

0» -H Ö 

" «I u a » 

S § TJ 
•H O 9) 
U kl 

3 3¾ 
9) O -H 
TJ tI r4 

kl 
k 

fl - 
ë 3 
4) « a u 
oui 
<0 J T. 4) 

a 
9) -4 D 

^ 3 ?! tI U • 
4) k fl TJ 

r-l 91 >H 91 
43 44 tI 44 

3 S &3 
» -MH 
O k 0) 91 
a « 

» Tl c § 
01 r4 Ifl H 

9) 
43 TJ TJ ® 
-5- g; 

fl oi a o 

Âï Sï 
3 91 

fl 43 
44 44 

r S ^ > 
44 tI "O 

fl fl 44 ï s * s 
ï| il 
44 H H U 

I 
a A 

43 TJ O 
ai 44 k 9i 
o fi 44 fi a k 

43 fl fl 43 ai 
« « H !K 5 

(S <k4 S 43 44 
00 I X t< * 

« 44 9) Tl Tl 

43 k ki 
§Tl k 

ki « 

TJ 43 Tl 
«I O 43 
ki k tI 
o a. 

9) 
k 

$ 

9) w a 
k t! 

44 91 fl fl 44 

£ S 3 s- ¡S 

Tl C 
9) kl 

o 

<D 

m 

n ' m u oo 
44 k a k 
fl « 9) fl 
9) fl 91 43 44 
44 Tl 43 44 k • 

fl 44 fl O O 
41 91 U 
Tl 91 k fl 
fl 44 O 44 0) 
U fl <44 91 fl 44 
« •O 43 1 fl 
I -H » kl § T3 

3» 
M a kl 

91 H fl 
« • k « « 

•O TÍ u • 
i « X t4 

O TJ 
U 91 

■H W -ri 
*4-i 3 B 
91 O -3 
TJ -H fH 

3 S ü a 

X TJ TJ » 
kl « ^ fl 

TJ O f! 
fl t< X fl 
fl fl » O 

Tl Tl 
►s k fl 

Tl 9) <4-1 
« - 
n -g 

fl o 33 
1 91 Õ b 
44 k » Tl fl 
» «fl Tl fl 

âS 
n 

S 1 co X 
k 44 kl 

ü sri; 
kl fH TJ 

« fl kl 
TJ fl fl U 
A fl fl 
kl fl kl S| i § 
kl h H U 

fl X 
X -0 O • I 9) 
0» Wk0l-«X-H 
OH44fl a k fl OX 
X tH iH X fl 44 k H 

««•HOsSoaw 
(M *4-1 a X 44 fl 9 
co I Tl « >» O 

(0449)HTl«44a 
44 fH O -H * k -H Ï3-CS3US^3 
x: u u c u V pû 
u <ü ö ÿ 4J » -H Ö 

^ï 131*111 
do k o oo c a 
44 k a k fl9)Of 

S ë 

kjsï°*^ H 

S3 SI 
41 

n 

Si 

“il? 
§ I 

UT 

•3 13 '• 3 s - f 3 
ü i ! I i I -13 

S^^SS -ÎS.^ 
« fl « k -H TJ k k X 
TJTIfH fl «k fl fl kflTi 

3xkiTj44x«_a 

p|!ll!li¡i 
lisISlällä 

â 
3 

i 
fl X 
X TJ O • I 9) 
3 fl 44 k 9) T) X fH 
ÖTixTiakflox 
X-rlHX fl kl k tI 

«flTiSkSoa« 
CM <44 B X X a « 
00 T M fl fl >, 

CO X 9) Tl fH 91 X 

^135x23 S 
Tl O Tl k > . 

X k X C X fl X 
X fl C <0 X ® Tl Ö 

*al3&*!fl 
xkO’k ß « O TJ 
U V flfl-HflÜ“ S 3 ü X k 

fH X fH O 
« « - _ _ 

fl M « TJ Tl H 
X O >f X fl k §S3 S^ 

X u S£ 3¾ 
y fl o h 

fl X 

il! 

s 

m 

Sasi^i ^ - - í-a^ssi! 
"■¿‘‘S3 -fS.j 
fl S «I k Tl •V C X 4 
-3-g«H9l«MÍ«lkTlt 

9 X X T« X X « i 
«H-rlIBOXiH-g 

•s|:Iïîs^ 
ISsIllllii 


