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ABSTRACT 

PETN whiÎ!îdhJaK made Of^i™T'JHMX/EX0N (9505>> DATE, and PETN which had been irradiated in a nuclear reactor to 
determine chemical changes induced by the irradiation. 
C.iemical changes (stability) were determined by infrared 
spectrophotometric, x-ray diffraction, and differential 
therrna! analysis of the post-irradiated explosives. In 
addition, a similar study of nitrocellulose-base propel¬ 
lants was carried out. From the data obtained, the order 
of decreasing chemical stability under irradiation wa«* hath 

ïï^EX°ni^NT' P?TN' the nitrocellulose-base°propel-ATB' 
lants; DATB was found to be the most stable. 
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INTRODUCTION 

Several years ago, a program was initiated to study 
the effects of nuclear radiation on explosives and propel¬ 
lants The program was carried out jointly by the Aerojet 
General Corporation and Picatinny Arsenal under the spon¬ 
sorship of the National Aeronautics and Space Administra¬ 
tion—SNPO—Cleveland Extension. In the initial phase of 
the program, a number of explosives and propellants were 
irradiated in a high flux test reactor at the General Elec¬ 
tric Company site in Pleasanton, California. Physical 
testing was normally done within 24 hours of irradiation a 
the reactor site. Portions of the irradiated samples re¬ 
maining after testing at the reactor site were sent to Pi¬ 
catinny for further study. Such study involved the deter¬ 
mination of the effects of the irradiation on the chemical 
characteristics of the materials irradiated and the correl 
ation of these effects with the chemical stability of tne 
materials. The results of this study were initially sub¬ 
mitted to Aerojet General Corporation for a combined report 
to NASA-SNPO-C (Ref 1) and are now reproduced in this re¬ 
port with some minor revisions. 

EXPERIMENTAL PROCEDURES 

Explosives and Propellants 

The history of the materials used for irradiation is 
described in References 1 and 2. Samples of the irradia e 
materials which were shipped from the reactor site to Pj- 
catinny are listed in Table 1 together with their radiation 
histories (summarized). The nonirradiated explosives and 
propellants (standards) used in this study were obtained at 
Picatinny and were considered acceptable in accordance wit 
the relevant military specifications. 

Irradiation Procedure 

The procedures and type of reactor used are described 

in detail in References 1 and 2. 

Analysis of Irradiated Material 

Melting Point Determination 

The apparatus used for this determination was the 
Thomas-Hoover Melting Point Apparatus 
uses G.E. SF 96 (50) silicone fluid for the temperature 



« 

* 

* 

bath and borosilicate capillary tubes for the sample hold¬ 
ers . 

Infrared Spectrophotometric Analysis 

The instrument used in the infrared examination of 
the irradiated material was a double-beam recording infra¬ 
red spectrophotometer, Perkin Elmer Corporation Model 21. 
The potassium bromide (KBr) pellet technique was used for 
the preparation of the irradiated sample for subsequent 
infrared examination. The spectra of the irradiated sample 
were compared to those of the standard material. 

X-Ray Diffraction Analysis 

The equipment used in the x-ray diffraction examina¬ 
tion of the irradiated material was a Geiger counter, an 
X-Ray diffractometer (North American Phillips Inc.), a 
Brown potentiometer automatic recorder, and a copper x-ray 
tube with a nickel filter. 

Differential Thermal Analysis (DTA) 

The apparatus and procedure used to obtain the DTA 
curves of the irradiated and nonirradiated explosives are 
similar to those described in Reference 3. The DTA curve 
of the irradiated sample was compared to that of a stand¬ 
ard sample of the same material. 

Viscosity Measurements 

The apparatus and procedure used for viscosity meas¬ 
urements are described in Reference 4. 

Ultraviolet Spectrophotometric Examination 

^ The instrument used in the ultraviolet spectrophoto¬ 
metric examination was a Cary recording quartz spectro- 
pnotometer. Applied Physics Corporation Model 11. An ethyl 
alcohol solution of the irradiated propellant sample, 0.25% 
nitrocellulose content, was prepared for examination. 

A nonirradiated sample of the same propellant was 
similarly treated and the resulting curve compared to that 
obtained for the irradiated sample. 

3 



RESULTS 

Infrared Spectrophotometric Analysis 

A compilation of infrared spectral data for samples of 
TNT, DATE, HMX/EXON, and PETN, irradiated at various dose 
levels and exposure times, is given in Tables 2 through 5. 
Spectral data for nonirradiated standard explosive samples 
is included in each table. 

Figures 1 through 4 show the infrared spectra for irra¬ 
diated samples All, A13, A21, B13, B21, C13, C22, C23, D12, 
D14, D21, and D25 together with spectra for the respective 
standards. Each of the irradiated sample spectra is designa¬ 
ted as the representative spectrum (except A21) for the group 
of samples irradiated at the same dose level and exposure 
time as indicated below. 

Explosive Sample No. 

Dose Level 
Fast Neutron 

y-ray (>0.18 Mev) Exposure 
X 10“8Ra * 1016 nvt Time (min) 

TNT All 
A13, A21 

1.8 
2.3 

2.1 
1.6 

25 
125 

HMX/EXON B12, B13, 
B14, B25 1.75 2 25 

DATE 

PETN 

B21, B22, 
b2T, B26 

C13, C14, 
CT5 

C21, C22 

C23 

D12, D13 

D14, D22 
D2Ï 

D21 

D25, D26 

0.61 

1.75 

8.95 

4.35 

1.75 

0.61 

1.75 

0.61(0.36 

0.7 

2.0 

10.5 

4.3 

1.7(1.9) 

0.7 (0.66) 

0.77 

0.22 

8.7 

25 

125 

125 

25 

8.7 

25 

8.7(9.34) 

a 
References 1 and 2. 



The grouping of samples according to dose level and ex¬ 
posure time was adopted when it was found that the infra¬ 
red spectrum of each sample in a particular group was iden¬ 
tical to the others. Verification of this may be found in 
the spectral data given in Tables 2 through 5. 

Differential Thermal Analysis (DTA) 
y 

The DTA curves for each of the irradiated samples to¬ 
gether with the standard explosives tested are shown in 
Figures 5 (a through d), 6 (a through i), 7 (a through i), 
and 8 (a through g). The data extracted from the DTA curve 
for each explosive is compiled in Table 6. 

X-Ray Diffraction Analysis 

Figures 9 through 12 show the x-ray diffractograms of 
irradiated samples All, A21, B12, B22, C13, C21, C23, D12, 
D14, D21 and D25 and the corresponding explosive standards. 
Each irradiated sample x-ray diffractogram is, as explained 
under Infrared Spectrophotometric Analysis (directly above), 
representative of a group of samples having the same dose 
level and exposure time. A compilation of the x-ray dif¬ 
fraction data in terms of interplanar (d) spacing in A units 
is given in Table 7. 

Melting Point Determination 

Melting point data for the irradiated samples, with 
the exception of the HMX/EXON, is given in Table 8. The 
melting points of the HMX/EXON samples were not determined 
since this determination is considered inapplicable to 
multi-component explosives. 

Viscosity Measurements 

Data obtained from the viscosity measurements of ace¬ 
tone solutions of irradiated propellants Ell, F22 and G21 
together with similar data for corresponding standards are 
given in Table 9. 

Ultraviolet Spectrophotometric Examination 

The ultraviolet spectra of irradiated nitrocellulose- 
base propellants Ell and F22 together with those of rele¬ 
vant standards are shown in Figure 13 (a through d). 

5 



DISCUSSION OF RESULTS 

Effects of Irradiation 

TNT (Trinitrotoluene) 

The melting point and DTA data (Tables 6 and 8) to¬ 
gether with a weight loss of less than one percent at both 
exposure levels (Table 10) indicate that TNT suffered only 
slight decomposition. The melting point was decreased 
about 5°C (max) at both exposure levels and the DTA curves 
show that the decomposition exotherm is decreased about 
15°C, also at both exposure levels. 

The infrared spectra of the TNT irradiated at the two 
dose levels reveal the presence of a small spectral band 
at around 810 cm”l. Past work (Ref 5) with TNT irradiated 
with Co-60 (at 2.3 * 10® r/hr for 450 hours) showed that 
the 810 cm-l band is due to a decomposition product, as yet 
unidentified. The Co-60 (y) irradiated TNT melted in the 
range of 63° to 73°C (a maximum decrease of 17°) and its 
decomposition as determined by chromatographic analysis 
amounted to about 30%. In comparison, the TNT tested under 
this program did not suffer nearly as much radiation damage 
as did the Co-60 (y) irradiated TNT. Supporting this con¬ 
clusion is nondetection of solid crystalline decomposition 
products by x-ray diffraction analysis. 

HMX/EXON (Cyclotetramethylenetetranitramine/EXON) 

The HMX/EXON samples suffered weight losses of about 
2% at low exposure and about 10% at high exposure levels 
(Table 10). Urizar (Ref 6) found the weight lost by HMX 
through nuclear reactor irradiation was essentially due to 
volatile decomposition products. The x-ray diffraction 
analysis supports this in that no solid decomposition prod¬ 
ucts were detected. 

The DTA curves (Fig 6b and 6i) exhibit an exotherm, 
common to all irradiated HMX/EXON samples but missing in 
the standard sample (6a), which begins at about 110°C and 
peaks at about 165-167°C. The exotherm was encountered by 
Urizar when HMX (minus EXON) was irradiated in a power re¬ 
actor at integrated flux levels of approximately 10^5 n/cm2 
(and 5 * 10®R) and 3 x lO*® n/cm2 (and 2 x 108R). Urizar 
was unable to explain this exotherm and tentatively con¬ 
cluded that it resulted from the annealing of stored energy. 
The endotherm at 202°C exhibited by the standard HMX/EXON 
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DTA curve is believed to be indicative of the 0+<5 poly¬ 
morphic transition of HMX. The low radiation dose shifted 
this endotherm to 186°C, and the high dose further decreased 
it to 182-185°C. The irradiation of the HMX/EXON shifted 
the decomposition temperature, exhibited by the exotherm at 
308°C, to slightly lower temperatures at both exposure levels. 

Infrared spectra indicated no change in HMX/EXON com¬ 
position at the low exposure. The IR spectra of samples 
irradiated at the high dose, however, exhibited a very weak 
band at 1111-1113 crn-^-. This IR band is indicative of con¬ 
densed decomposition products since solid decomposition prod¬ 
ucts essentially are not formed during decomposition. 

DATE (Diaminotrinitrobenzene) 

At the low dose level the weight loss is about 2% while 
at the high dose level the loss amounted to about 6% (Table 
10). The infrared spectra (Fig 3) for the irradiated DATE 
samples do not show any evidence of decomposition, nor does 
the x-ray diffraction data (Table 5) indicate any solid de¬ 
composition products. The melting point was decreased 1 to 
2 degrees,'depending on exposure time, suggesting slight de¬ 
composition. The melting point data is supported by the 
(melt) endotherm exhibited by the DTA curves (Figures 8a to 
8g) for the irradiated DATE. In the latter analysis, the 
endotherm ordinarily at 294°C was decreased 2 to 4 degrees, 
depending on the dose level. 

The DTA curve for standard DATE exhibits, in addition 
to the above-indicated melt endotherm, endotherms at 231°C 
and at 348°C. At low exposure, the endotherm at 231°C is 
shifted upward to an average temperature of 241°C where the 
one at 348° apparently is not affected by irradiation. At 
high exposure both endotherms are apparently missing. The 
significance of these changes is not understood at the pres¬ 
ent time. 

An anomaly is found in the temperature region where the 
DTA decomposition exotherm of DATE occurs. Regardless of 
the level of exposure this exotherm appears at a higher tem¬ 
perature (see Table 6) instead of a lower temperature than 
the standard, as had been found with the other irradiated 
explosives. 

PETN (Pentaerythritol tetranitrate) 

The infrared, DTA, and melting point data show that the 
decomposition of PETN increases greatly with increasing 

7 



! 
exposure. At very low exposure (0.2 x 10^ nvt fast neu¬ 
trons, and 0.3 * 10®R gamma radiation) PETN suffers a 3 
degree decrease in melting point. Red fumes indicating NC>2 * 
were detected during the melting point determination. The 
infrared spectra, at the low dose level, exhibit a very weak 
spectral band at a frequency of 2330 cm-1 (see Table 5). 
The DTA curves (Figures 7a to 7i), however, do not exhibit 
any differences in the endo- or exotherm temperatures. 

At the intermediate exposure (0.7 * 1016 nvt fast neu¬ 
trons and 0.6 * 10®R gamma-irradiation), the melting point 
is decreased 7 degrees. The DTA curves exhibit a 4- to 7- 
degree downward shift of the small endotherm at 135°C, a 
decrease of 4 to 6 degrees in the melt endotherm and a lower¬ 
ing of 5 to 6 degrees in the peak value (extrapolated) of 
the decomposition exotherm. The DTA curves also exhibit a 
very small broad exotherm between 100° and 125°C, which may 
indicate an annealing effect or some exothermic chemical re¬ 
action taking place. Sample D24 is the only sample within 
this PETN group that does not show the small broad exotherm 
but instead exhibits a broad endotherm in the same tempera¬ 
ture range. This behavior cannot be explained for the parti- # 
cular exposure conditions. The IR spectra of these samples 
are similar to those obtained for samples exposed to the low 
dose, excegt for D14, which shows a very weak spectral band 
at 2750 cm . This band is also encountered in the spectra 
for samples exposed at the higher dose. 

* f 

At higher exposure (1.9 * 1016 nvt fast neutrons, and 
1.75 x108R gamma radiation) PETN undergoes greater changes. 
The melting point is decreased by 7 to 13 degrees and the 
DTA exhibits a broad endotherm beginning at about 70°C and 
extending to about 140°C. The DTA for sample D12 shows the 
melt endotherm obscured by the broad endotherm. The decom¬ 
position endotherm, however, is not affected to any great 
extent (see Table 6). This broad endotherm may be indica- i 
tive of some endothermic chemical reaction or physical 
change involving the products of decomposition. The prod¬ 
ucts apparently are extensive, judging from the infrared 
spectra. Evidence for this is found in the appearance of 
spectral bands at frequencies of 1575 cm-1 and 1743 cm“1 
and by a decrease in the 2750 cm-1 band. The 1743 cm-1 
band is indicative of the carbonyl group and the 1575 cm 
band indicative of the nitroso group. No evidence of im¬ 
purities is shown by x-ray diffractograms (Fig 12), indi¬ 
cating that most of the impurities found are noncrystalline. 



Propellants 

Viscosity data (Table 9) and ultraviolet spectra (Fig¬ 
ure 13a through d) indicate that the nitrocellulose-base 
propellants (samples Ell, F22, and G21) are decomposed by 
reactor radiation. The large difference in viscosity values 
between the standard and the irradiated propellant is indi¬ 
cative of a gross breakdown of the nitrocellulose molecule. 
Further evidence is obtained from the ultraviolet spectra 
for irradiated M-6 and T-28, which show an increase in the 
absorbancy in the 260-390 my range. The large absorbance 
is due to the nitrated stabilizer and indirectly shows the 
depletion of the stabilizer content. The nitrocellulose, 
upon depletion of the stabilizer, is no longer stabilized, 
and therefore it is allowed to continue to decompose un¬ 
checked. This acceleration of the decomposition of nitro¬ 
cellulose by nuclear reactor irradiation has been reported 
by Urizar, et al. (Ref 6). 

Chemical Stability 

A summary of the data for each irradiated explosive 
according to exposure level is given in Table 10. The data 
for the propellants (nitrocellulose base) is discussed under 
Effects of Irradiation. 

The relative order of chemical stability of the four 
explosives under irradiation is based on a common exposure 
level. Tjjis level is found in the fast neutron exposure of 
2.0 X 1016 nvt an(j gamma exposure of 1.8 * 10®R. At this 
level, DATE is the most stable of the four explosives. It 
exhibits the smallest decrease in melting point, absence of 
decomposition as shown by the infrared spectra, and a small 
percentage weight loss. Further evidence of DATB's rela¬ 
tive chemical stability under irradiation is shown by the 
magnitude of change induced at the higher dose level (10.5 
X 1016 nvt, fast neutrons and 8.75 x 10°R, ganuna) or less 
than the changes exhibited by the other three explosives at 
the lower dose level (see Table 10). 

The large percentage weight loss (Ref 1) exhibited by 
HMX/EXON would indicate that it is less stable than TNT 
(Table 10). The mechanism of decomposi: ion for each ex¬ 
plosive is not known but it appears that ;-he decomposition 
products produced by HMX are mostly in the form of volatiles. 
When TNT decomposes, it produces considerably more solid 
decomposition products, which would result in a low per¬ 
centage weight loss. The data as a whole, however, indicates 

9 



Jt 

that HMX/EXON is slightly more stable to irradiation than 
TNT or PETN. 

Of the two remaining explosives, TNT is apparently 
more stable than PETN. The large decrease in melting 
point, the high percentage weight loss (Table 10), and the 
relatively major changes exhibited by PETN, as indicated by 
infrared spectra, are evidence of its relative chemical 
instability at the common exposure level. At a lower dose 
level (Table 10), PETN still appears to be less stable than 
HMX/EXON. Even at the very low fast neutron exposure of 
0.22 X 1016 nvt and gamma exposure of 0.48 * 10°R (average), 
the infrared spectra still indicates PETN undergoes slight 
changes. 

The effect of irradiation on the nitrocellulose-base 
propellants has been discussed earlier. 

From the data obtained, it is obvious that the nitro¬ 
cellulose-base propellants undergo major changes during the 
irradiation. These propellants, therefore, have a relative¬ 
ly low order of chemical stability under nuclear reactor 
irradiation. 
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TABLE 1 

Material irradiated in a high flux test reactor 

Material 

Sample 
No. 

TNT 
(trinitrotoluene 
2,4,6) 

HMX/EXON 2b 
(95% cyclotetra- 
methylenetetra- 
nitramine 5% EXON) 

DATB 
(diaminotri- 
nitrobenzene) 

PETN 
(pentaerythrito.1 
tetranitrate 

M-6 Propellant0 

T-28 Propellantf3 

T-36 propellant0 

All 
A13 
A21 

B12 
B13 
B14 
B21 
B22 
B24 
B25 
B26 

C13 
Cl 4 
C15 
C21 
C22 
C23 

D12 
D13 
D14 
D21 
022 
024 
025 
026 

Ell 

F22 

G21 

Approximate 
Amount 

Shipped, g 

1.0 
0.7 
1.7 

0.1 
0.3 
1.7 
0.3 
1.7 
0.4 
0.4 
0.4 

0.3 
0.3 
1.5 
0.4 
0.5 
1.6 

0.1 
0.? 
0.6 
1.7 
0.4 
0. 7 
1.7 
0.8 

0.3 

0.2 

0.2 

Exposure 
(Neutron 
E>0.18 Mev, 
10“ nvt) 

2.1 
1.6 
1.5 

2.0 
2.2 
2.0 
0.78 
0.73 
0.74 
2.3 
0.77 

2.2 
1.9 
2.0 
10.5 
10.5 
4.3 

1.7 
1.9 
0.77 
0.77 

0.66 
0.24 
0.21 

0.95 

0.40 

0.43 

Decay 
Time, 
Days3 

100 

Activity 
(ß+Y) , 
nc/g 

0.023 

69 1.6 

68 

68 

69 

67 

67 

67 

0.13 

0.13 

0.0049 

0.0052 

0.011 

0.021 

She decay time is number of days between irradiation date and date shipped 

to Picatinny (the date activity measurements were made). 

bHMX/EXON - 5% by weight EXON 461 (chlorofluoropolymer) binder. 

°See Reference 1 for propellant compositions. 
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TABLE 9 

Propellant viscosities 

Sample Viscosity 

Capsule E-ll 

Standard M-6 

1.019 

1.789 

Capsule F-22 

Standard T-28 

1.101 

2.037 

Capsule G-21 

Standard T-36 

1.072 

1.523 
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Fiq 3 Infrared spectra for irra¬ 
diated and standard DATE 
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(cont) Infrared spectra for irra 
diated and standard DATE 
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Fig 4 Infrared spectra for irra¬ 
diated and standard PETN 
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Fig 4 (cont) Infrared spectra for irra¬ 
diated and standard PETN 
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Fig 9 X-ray diffractograms for irra¬ 
diated and standard TNT 
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Fig 11 X-ray diffractograms for irradi¬ 
ated and standard DATE 
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Fig 11 (cont) X-ray diffractograms for irra¬ 
diated and standard DATE 
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Fig 12 X-ray diffractograms for irra¬ 
diated and standard PETN 
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Fig 13a Ultraviolet spectrum for irradiated 
propellant, Sample (capsule) Ell 
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Fig 13b Ultraviolet spectrum for standard 
propellant, M-6 
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Fig 13c Ultraviolet spectrum for irradiated 
propellant, Sample (capsule) F22 
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