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A Study of Reduced-Sensitivity RDX

J. OXLEY
J. SMITH
R. BUCO
J. HUANG

University of Rhode Island, Chemistry Department,
Kingston, Rhode Island

Five lots of RDX (1,3,5-trinitro-1,3,5,-triazinane) were
believed to have different shock sensitivities based on
large-scale gap test (LSGT) results. Laboratory investiga-
tions included direct-insertion mass spectrometry, liquid
chromatography, powder X-ray diffraction, polarized light
with hot-stage microscopy, infrared and Raman spectro-
scopy, and differential scanning calorimetry (DSC). DSC
proved useful at distinguishing differences between lots.
The RDX lots studied included three made in the United
States by BAE Ordinance Systems (Holston), one from
Eurenco (formally SNPE), and one from Dyno Nobel. Of
Holston RDX, two lots had been reprocessed by Eurenco
to reduce sensitivity. Increased sensitivity appeared to
correlate with increased HMX (octahydro-1,3,5,7-tetrani-
tro-1,3,5,7-tetrazocine) content. Aging and heating of
RDX with HMX content appeared to contribute to the for-
mation of an RDX=HMX eutectic, which could explain the
enhanced sensitivity observed in some samples.

Keywords: insensitive RDX, large-scale gap test, RDX,
RDX=HMX eutectic
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Introduction

In the late 1990s, Eurenco (formally SNPE), reported that their
RDX (1,3,5-trinitro-1,3,5,-tri-azinane), made by the Woolwich
process and a proprietary recrystallization, demonstrated spe-
cial insensitivity in the large-scale gap test (LSGT). Other
manufacturers (Australian Defense Industries, Royal Ordnance
Defense, and Dyno Nobel) later claimed similar insensitivity for
their RDX. With the exception of Dyno Nobel, the others also
used the Woolwich synthesis method (hexamine and nitric
acid). Dyno Nobel used the Bachmann process (Type II RDX
from hexamine, ammonium nitrate, acetic anhydride) like
RDX manufactured in the United States by Holston. The
RDX prepared by this method is known to contain 8–12%
HMX [1]. Dyno Nobel claimed ‘‘reduced-sensitivity RDX’’
was obtained with a proprietary recrystallization process.

The U.S. Army commissioned Eurenco to transform two
lots of Holston RDX into ‘‘insensitive’’ or ‘‘reduced-sensitivity’’
RDX via their recrystallization process. A concern with evalu-
ating the different RDX lots was that insensitivity was not
observed in traditional, small-scale sensitivity tests. Only in
the LSGT was the sensitivity reduced (Table 1). The
LSGT required RDX have a binder, which made direct correla-
tions with the neat RDX powders difficult. Furthermore, some
studies have suggested that the Holston RDX recrystallized by

Table 1
Large-scale gap test on baseline and aged (60�C) samples (the

lower the pressure, the more sensitive the RDX)

RDX sample Baseline (kbars) 60�C (kbars)

SIRDX 46.3 46.0
Dyno Nobel 44.3 45.2
Holston #1 43.4 39.2
Holston #2 41.6 29.1
Holston 35.6 34.7
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Eurenco lost its insensitivity with time. The University of
Rhode Island (URI) was asked to perform a number of analyses
to determine the source of returned sensitivity. The samples
evaluated are the same as cited in Table 1. The baseline samples
are shown in Table 2.

The LSGT uses formulated charges that include binders that
can affect the shock sensitivity of the RDX. Factors such as void
volumes and particle size will alter shock sensitivity. While uncer-
tainties in the LSGT were large, the military believed that the
results were of significant concern. Knowledge of RDX manufac-
turing processes mentioned above gives strong justification that
sample purity is related to shock sensitivity. Seven tests were
devised to determine whether physical=chemical differences
existed between the five lots of RDX provided to URI. Mass spec-
trometry and liquid chromatography were used primarily to test
the purity of the RDX products. Both infrared and Raman spec-
troscopy characterize the samples based on intrinsic vibrational
properties and are related to sample purity and composition. X-
ray diffraction was also used to verify purity as well as seek out
differences in structural morphologies between the samples. Polar-
ized light=hot-stage microscopy and DSC compared thermal prop-
erties such as phase changes and temperatures associated with
rapid thermal decomposition. The detection of differences (i.e.,
sample purity, morphology, thermal behavior) between samples
by any of the techniques used in this study would provide valuable
clues related to dissimilarities in shock sensitivities between the
five samples.

Table 2
Baseline RDX samples

SIRDX Insensitive RDX from SNPE (Eurenco)
DNRDX Insensitive RDX from Dyno Nobel
HRDX 93k517–041 Holston RDX made about 1994
HIRDX-1 0800s00 Holston RDX reprocessed

Dec. 2000 (lot 1)
HIRDX-2 2715s-2 Holston RDX reprocessed

Jan. 2002 (lot 2)
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Experimental

Direct-Insertion Mass Spectrometry (MS)

A Finnigan MAT TSQ 700 triple stage mass spectrometer
equipped with a direct-insertion probe was used to collect the
mass spectrum of each sample. Test solutions for samples were
prepared by dissolving �1mg RDX in 1mL of acetonitrile in a
2-mL Agilent amber glass autosampler vial with screw-cap sep-
tum. A 10-mL gas-tight syringe was used to inject 1 mL of the
solution into an aluminum sample holder, which was then
placed on a sample heater block to drive off the solvent. The
dried sample was inserted into the direct-insertion probe and
placed in the ion source of the mass spectrometer. The direct-
insertion probe followed a temperature program that began at
50�C and ramped at 10�C per min to a temperature of 180�C,
then by 20�C per min to a final temperature of 300�C. Samples
were analyzed in triplicate.

High-Performance Liquid Chromatography (HPLC)

A Hewlett Packard 1100 series HPLC equipped with an Agilent
Hypersil BDS-C18 column (4.00� 100mm) and a diode array
detector tuned at 214 and 235 nm was used. The acquisition
method was isocratic, using a 60:40 mix of deionized water:
methanol (HPLC grade) as the mobile phase at a flow rate of
0.5mL=min. The instrument acquired data for 10-min, followed
by a 10-min equilibration before the next injection. Test
solutions were prepared by placing �10mg of RDX in a
1-mL volumetric flask, adding of 1 mL of nitrobenzene and
enough HPLC-grade acetonitrile to fill the flask. The solution
was transferred into an Agilent 2-mL amber glass autosampler
vial with screw-cap septum. Samples were analyzed in triplicate.

X-Ray Powder Diffraction Spectroscopy (XRD)

A Bruker AXS (Siemens) D5000 theta=theta X-ray diffract-
ometer equipped with a 40-position autosampler was used.
The system consisted of a 2-kW max power generator capable
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of 20–40 kV and 5–40 mA, a copper anode tube (wavelengths:
Ka1, 1.5406 Å; Ka2, 1.54439 Å; Kb, 1.39222 Å) with average
Ka of 1.54184 Å, K2=K1 ratio of 0.5, and low-speed shutter, as
well as a scintillation counter operating at 841.1V with an
amplifier gain of 2 and 1mm, 0.1 mm, 0.6mm, fixed optics,
respectively. Samples were gently mounted on aluminum
holders and a glass slide was used to spread and level the sam-
ple. Spectra were acquired through a locked-coupled step scan
between 5 and 50� by 0.020� steps at 2 s per step with fixed-
speed synchrotron rotation turned on. The power generator
was run at 40 KV and 40 mA. Raw X-ray diffraction spectra
were corrected for Ka2 and used to compare the samples. All
crystalline samples were analyzed in triplicate.

Raman Spectroscopy

Approximately 5 mL of each acetonitrile RDX solution
(1000mg=mL) was deposited, by means of a micropipette, onto
a Tienta Sciences SpectRIM stainless steel, hydrophilic-coated
microscope slide. Droplets were arranged on the slide in a grid,
allowing 10 samples in the upper third of the slide. To reduce
possible cross-contamination, each droplet was allowed to dry
before the next was added. A Raman spectrum of each sample
was acquired using a Bruker Senterra Dispersive Raman Spec-
trometer interfaced to an Olympus BX51M microscope. The
microscope was capable of 200� and 500� magnification and
was equipped with an Infinity 1 digital CCD camera. After
aligning a sample in the viewfinder and capturing an image of
the spot, the shielding doors around the microscope stage were
closed; the shutter moved from bright field to dark; and the
Raman spectrum was acquired. The laser excitation wave-
length was fixed at 785 nm, and the instrument was set to use
a 50� 1000 mm slit. Data were accumulated for 100 s per scan,
with only one scan being reported per sample. The Raman spectra
were collected in three regions, 80–1500 cm�1, 1480–2600 cm�1,
and 2370–3280 cm�1, at a resolution of 3 to 5 �1. The three
regions were mathematically baseline corrected to align with
each other and compiled to give the full reported Raman
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spectrum. Where two regions overlapped, the portion of the
signal that overlapped was signal-averaged to give the complete
spectrum (80–3280 cm�1). Original regional scans, raw data
and baseline corrected, were saved in raw data format,
JCAMP-DX and Galactic SPC, and compiled full-range Raman
spectra were recorded in the same three file formats.

Infrared Spectroscopy (IR)

A SensIR Travel IR attenuated total reflectance (ATR) IR
spectrophotometer was used to collect the IR absorbance spec-
trum of each sample. Samples were placed over the diamond
window and subjected to 6 tons of pressure by the sample pis-
ton. Background scans (64) were collected at 4 wavenumber
resolutions from 4000 to 400 cm�1 and then 64 scans of the
sample under the same conditions. Samples were analyzed in
triplicate.

Differential Scanning Calorimetry (DSC)

A Thermal Analysis (TA) Q100 DSC equipped with a refriger-
ated cooling system was calibrated against zinc and indium on a
weekly basis; baseline correction was calibrated each day
against an empty sample pan. The acquisition program equili-
brated the cell, zeroed the heat flow at 40�C, and ramped
(usually by 20�C per min) to 400�C. Samples (0.5–0.9mg) were
held in hermetically sealed aluminum pans. Samples were ana-
lyzed in triplicate.

Polarized Light Microscopy

A Nikon E400 POL polarizing light microscope, equipped with a
5.1-megapixel digital CCD camera, both quarter- and full-wave
retardation plates, and a Mettler Model FP82HT hot stage
were used to collect digital images of RDX and HMX samples
(2–3mg). The stage had a 30-mm2 window and viewing area
of �10mm2. Images were captured at the highest resolution
in 15-s intervals, with the first picture at ambient temperature;
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samples were heated from 190 to 205�C (1�C=min) with camera
views refreshed every second. At 205�C, heat was turned off,
and the sample cooled.

Results and Discussion

A number of experiments, reported herein, showed that Holston
RDX lots contained detectable amounts of HMX, while the
Dyno Nobel and Eurenco RDX did not. The total ion current
(TIC) chromatograms obtained by mass spectrometry using a
direct-insertion probe showed the samples of Dyno Nobel and
Eurenco insensitive RDX (SI RDX) had a single peak between
1.7 and 2.0 min. The mass spectrum was consistent with RDX
having mass=charge fragments at 42, 46, 56, 71, 75, 82, 98,
102, 112, 120, 128, 148, 157, 205, and 219m=z. In contrast,
the TIC chromatograms of the baseline Holston RDX and the
two reprocessed Holston RDX lots (by Eurenco) included two
peaks-the first between 1.7 and 2.0min (RDX fragmentation
pattern), and a second peak between 3.5 and 3.7 min. The latter
peak had a fragment distribution consistent with HMX (42, 46,
56, 71, 75, 82, 98, 102, 112, 120, 128, 148, 157, 205, 219, 222,
256, and 264m=z). Despite the recrystallization of the two
HolstonRDXlots byEurenco, someHMXremaineddetectable in
the samples. X-ray diffraction (XRD), Raman, and infrared
(IR) spectroscopy easily differentiated between pure RDX
and pure HMX by visual comparison of their spectra. The base-
line samples indicated that the Holston samples are differen-
tiated from pure RDX by the presence of HMX. The
techniques did not provide evidence of a different polymorphic
distribution.

The HMX and RDX in Holston RDX were well resolved by
high-performance liquid chromatography (HPLC) with reten-
tion times of 2.5 and 4.0min, respectively. Quantification of
HMX was obtained using standard curves with nitrobenzene
as an internal standard. Table 3 shows the percentages of
HMX determined in the baseline samples and in samples aged
at 60�C for one year. The RDX aged for one year at 60�C
showed an apparent increase in HMX relative to RDX content.
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Decomposition of RDX to form HMX has not been observed
even for RDX low-temperature decomposition [2,3]. However,
to test the possibility that the aging of RDX increased HMX
content relative to RDX, aliquots of Holston RDX, reprocessed
by Eurenco (lots 1 and 2), were heated just below the melting
point (200�C) of RDX for various periods of time up to
200min; these samples were subsequently analyzed by HPLC
to quantify both RDX and HMX. The RDX was found to
decompose faster than HMX at 200�C, (Fig. 1) so that the ratio
of HMX relative to RDX increased. Instead of a true increase in
HMX content, a better explanation for results in Table 3 is
variability in HMX content in different barrels of the repro-
cessed RDX returning from Eurenco (there have been some
reports to that effect).1

The data above differentiate the samples by HMX content.
Data acquired by IR, Raman, MS, or HPLC analyses showed
the least sensitive RDX samples; SI-RDX and Dyno Nobel
RDX exhibited no or only traces of HMX, even upon 60�C
aging. Comparing Tables 1 and 3 it appears that the most sen-
sitive formulations, in terms of the large-scale gap test, con-
tained the most HMX. Differential scanning calorimetry
(DSC) proved the most useful technique for observing the dif-
ferences among RDX lots. The DSC thermographs of RDX

1Struck, S. and Fishburn, B., personal communication.

Table 3
Percentage of HMX in baseline and aged RDX

Baseline (%)

60�C

6 Months (%) 1 Year (%)

SIRDX 0.0 0.0 0.1
Dyno Nobel 0.1 0.2 0.1
Holston #1 2.9 6.6 5.4
Holston #2 1.9 6.9 4.7
Holston 15.5 14.5 15.6
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and HMX are distinctly different. RDX exhibited a melting
endotherm around 204�C and an exotherm immediately there-
after centered at 249�C, whereas HMX had a melting endotherm
centered at 280�C followed by an exotherm at 286�C (Figs. 2 and 3).
All five baseline samples exhibited predominantly RDX
features, and no significant differences were observed from
examinations of their exothermic maxima (shown in Table 4
in replicate). However, in some of the samples, a second
endothermic event at or near 190�C was observed. This feature

Figure 1. HPLC Analysis of remaining RDX (Holston, lot 1)
and HMX during 200�C thermolysis.

Figure 2. DSC thermograph of RDX (SIRDX).
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was present in the unrefined Holston sample (H RDX) and
both the reprocessed Holston samples (HI RDX-2 and HI
RDX-1) (Fig. 4). This endotherm was not observed in SI
RDX or Dyno Nobel RDX (Fig. 5), unless these samples were
spiked with about 10% HMX. The early endotherm has been
attributed to an RDX=HMX eutectic [4–7] although the possi-
bility of low-temperature decomposition products cannot be
dismissed. McKenney and Krawietz [4] correlated the melting
temperature of RDX to HMX content.

The aged samples of RDX (one year at 60�C or ambient
temperature) were examined by DSC. Dyno Nobel RDX and
SI RDX yielded DSC thermographs similar to those of the base-
line samples, but the three Holston samples exhibited a marked
increase in the size of the endotherm near 190�C (Fig. 6). The
increase in the size of this feature in the unrefined Holston
sample (H RDX) was large enough to obscure the melting
endotherm observed in the thermographs of the baseline sample
(Fig. 7).

To examine the effect of heating RDX near its melting
point, several DSC experiments were performed. RDX samples
were thermally cycled three times from an elevated tempera-
ture to �20�C, with holds at the temperature extremes of
one-half hour. Elevated temperatures of 80, 190, and 200�C
were used. Upon cycling to 80�C, the thermographs of the repro-
cessed Holston samples (lots 1 and 2) and the unreprocessed

Figure 3. DSC thermograph of HMX.
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Holston sample exhibited noticeable increases in the promi-
nence of the endothermic feature near 190�C. Enhancement of
this endotherm was not observed in the HMX-free Dyno Nobel
or SI RDX samples. When the upper temperature was 190�C,
the subsequent DSC scan appeared little different from that
of the samples cycled up to 80�C, with the exception that the
second exothermic peak was markedly larger than the first
(Fig. 8). (In the baseline samples of RDX, the second exother-
mic peak appeared only as a slight shoulder on the main
exotherm). In the samples cycled to 190�C, the first exothermic
peak had decreased so much in height that the second
endotherm was about the same height. This is consistent
with results observed during isothermal heating at 200�C:
RDX decomposed faster than HMX. The increases in relative
HMX content could contribute to the formation of the
RDX=HMX eutectic. When reprocessed Holston RDX (lots 1
and 2) were thermally cycled three times to 200�C no DSC
peaks were detected. This was interpreted as complete decom-
position of the RDX samples. RDX samples held at 200�C for
shorter periods of time (i.e., 24min) and subsequently cooled
and scanned showed an endotherm about 171�C and a small
exotherm at about 201�C before the major exotherm with two
peaks at 243�C (RDX) and 255�C (HMX) (Fig. 9). We inter-
preted this to mean that intermediate decomposition products
formed to create a new low-temperature eutectic and a less
thermally stable mixture.

A Nikon Eclipse 400 Pol polarized-light microscope
equipped with a Mettler Toledo FP82HT hot stage was used
to observe changes in morphology of the RDX samples rapidly
equilibrated at 190�C and then heated at 1�C per min to 205�C.
Over the range of heating, pure HMX did not melt. Pure RDX
(SIRDX) melted but rapidly recrystallized upon cooling. Hol-
ston RDX, containing HMX contaminant, melted over the
190–205�C range; however, it did not completely recrystallize
upon cooling. When samples of SIRDX and HMX were placed
in contact side-by-side on a microscope slide, melting initiated
at the RDX side of the boundary at 190�C. As the temperature
was increased from 190 to 205�C at 1�C per min, the liquid RDX
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Table 4
DSC of RDX samples

Scan rate 20�C=min Scan rate 10�C=min

Sample
name

Endo-
therm
(�C)

Heat
(J=g)

Exo-
therm
(�C)

Heat
(J=g)

Endo-
therm
(�C)

Heat
(J=g)

Exo-
therm
(�C)

Heat
(J=g)

SIRDX 208 46 254 3542 206 134 242 4796

206 51 253 2503 206 167 242 4913

Dyno
Nobel

207 136 250 5257 202 133 242 3706

207 142 252 4902 200 114 241 4434

Holston
0800s00
(lot 1)

205 37 253 3008

208 54 257 1519

Holston
2715s02
(lot 2)

208 83 250 4515 203 87 241 4719

207 149 256 2785 202 172 248 10,507

Holston
93k517–
041
unrepro-
cessed

207 142 249 6079 205 105 247 2533

206 91 249 5280

n.d. ¼ not detected.
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at various scan rates

Scan rate 5�C=min Scan rate 1�C=min

Endotherm
(�C)

Heat
(J=g)

Exotherm
(�C)

Heat
(J=g)

Endotherm
(�C)

Heat
(J=g)

Exotherm
(�C)

Heat
(J=g)

204 95 239 4370 204 87 240 3327

201 55 220 4158

202 53 238 4486 n.d. n.d. 219 3520

201 54 240 2770 191 55 220 3542

189 66 244 3693 188 39 222 3982

192 30 242 3663 186 49 221 4288
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rapidly spread across the boundary and incorporated the solid
HMX. By 205�C, the entire sample was melted, but when
cooled back to ambient temperature, some of the material did
not recrystallize.

The studies reported above were performed with the unfor-
mulated RDX, i.e., no binder, whereas the gap tests, by which

Figure 4. DSC thermograph of RDX (Holston, lot 2) with
expansion of endothermic region.

Figure 5. DSC thermograph of RDX (Dyno Nobel) with
expansion of endothermic region.
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sensitivities were evaluated, were performed on formulated
materials. Samples of plasticized RDX explosive (PAX=AFX
194) were examined by DSC. The one distinguishable difference
between the thermographs of PAX=AFX 194 and the parent

Figure 6. DSC thermograph of RDX (Holston, lot 2): Top
(baseline) and upon aging at 60�C, middle (6 months), bottom
(1 year).

Figure 7. DSC thermograph of RDX (Holston): top (baseline)
and upon aging at 60�C, middle (6 months), bottom (1 year).
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crystalline RDX was an endotherm centered at 80�C. This
feature was attributed to the plasticizers (dioctyl adipate, car-
nauba wax, and ozokerite wax). The thermographs of
PAX=AFX 194 formulated from SIRDX were very similar to
the thermographs of neat SIRDX: an endotherm at 204�C and
an exotherm near 250�C. However, the thermograph of
PAX=AFX 194 formulated from Dyno Nobel RDX showed an

Figure 8. DSC thermograph of RDX (Holston, lot 1) ther-
mally cycled 190�C to �20�C three times, held at extremes
30min.

Figure 9. DSC thermograph of RDX (Holston, lot 1) heated
24min at 200�C prior to DSC scan at 20�=min.
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endotherm near 190�C, even though the thermographs of
the crystalline RDX from Dyno Nobel aged for one year did not
develop this second endotherm (Figs. 10 and 11). The 190�C
endotherm was present in the thermographs of all the PAX=AFX
AFX 194 formulated from the Holston samples. In the thermo-
graph of PAX=AFX 194 formulated from the unrefined Holston
RDX, the 190�C endotherm was barely resolved from the melt
endotherm, while in the thermographs of PAX=AFX 194
formulated from reprocessed Holston RDX, the endotherm near

Figure 10. DSC thermograph of RDX (Dyno Nobel) formu-
lated as PAX=AFX 194 aged one year at ambient conditions.

Figure 11. DSC thermograph of RDX (Dyno Nobel) aged one
year at 60�C.
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190�C was so large that it completely obscured the melt
endotherm.

The reprocessed Holston RDX lots 1 and 2 were initially
insensitive (i.e., gap test 42–43 kbar); they only became sensi-
tive after accelerated aging at 60�C or after sitting for months
at ambient temperature. In evaluating the reason aging might
affect the formulated RDX, the 190�C RDX=HMX eutectic
must be considered. Isothermal heating of reprocessed Holston
RDX at 200�C showed that RDX was lost faster than HMX
(Fig. 1) so that the ratio of HMX relative to RDX increases.
Instead of a true increase in HMX content, a better explanation
for results in Table 3 is variability in HMX content in different
barrels of the reprocessed RDX returning from Eurenco [7].
Even if HMX content does not actually increase with age, it
is possible that the RDX=HMX eutectic does. This study
showed that thermal cycling up to 80�C increased the size of
the 190�C eutectic in the unformulated RDX samples that initi-
ally contained some nominal amount of HMX. Since in the
unformulated RDX the eutectic can be detected after relatively
low-temperature heating (up to 80�C), it is possible that the
presence of plasticizers and binders might enhance mobility suf-
ficiently that the RDX=HMX eutectic increases over time
under ambient conditions. This hypothesis seemed to be con-
firmed by the observation that while the unformulated Dyno
Nobel RDX exhibited no low-temperature eutectic, even after
one year of heating at 60�C, the same material formulated as
PAX=AFX 194 showed a eutectic region in the DSC scan after
storage for one year at ambient conditions. Thus, it appeared
that the presence of the RDX=HMX eutectic, rather than
strictly the HMX content, enhanced sensitivity to the large-
scale gap test. The formation of the eutectic at storage tem-
peratures requires the presence of a minimum amount of
HMX and a mobilizing agent.

Conclusions

Sensitivity on the large-scale gap test correlates with the HMX
content of the RDX and the age of the formulation. SIRDX and
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Dyno Nobel RDX achieve insensitivity by almost complete
absence of HMX. Freshly formulated samples of reprocessed
Holston RDX are also insensitive, as are freshly made
PAX=AFX formulations made with aged, reprocessed Holston
RDX. RDX, containing sufficient amount of HMX, over time,
with the aid of mobilizing agents (polymer=binder ingredients),
forms a RDX=HMX eutectic (190�C), which sensitizes the for-
mulation. DSC data suggest that such resensitization occurs
with as little as 2% HMX in RDX, which had been formulated
and aged in the binder matrix; however, Borne and Ritter sug-
gest that it is likely to be difficult to observe a shock sensitivity
effect with such low levels of HMX [8]. Formation of an
RDX=HMX eutectic near 190�C has been previously reported,
but not with less than 17% HMX [2,3]. Although in DSC this
eutectic is not visible until 190�C, due to the conversions
observed in the samples that had been thermally cycled to
80�C and in samples aged at 60�C, it appeared the eutectic
can be obtained at even lower temperature. In fact, it seemed
the plasticizer enhanced the conversion. The PAX=AFX 194
made with Dyno Nobel RDX exhibited a 190�C eutectic after
a year of storage at ambient conditions even though the
unformulated RDX did not show this feature.
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