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ABSTRACT

The surface activity of one-micron particle size y-octahvdro-1,3,3,7-
tetranitro-s-tetrazine (yHMX) is enhanced by cobalt-60 gamma irradiation,
Serface activity was measured by a radiometric detemination of adsorption
of carbon-1t laheled steary! trimethyl ammonium bromide (ST AB) from solu-
tirn At dosesrangine fmm 5 to 60 Mrads, the enhanced surface activity
is shown to be related to dose and the evolution of composite gaseous pro-
duets derived from bulk as well as sarface molecules,  Although a one-
Mrad trradiation of y=HMN\ in vacuo produces no change in surface activity,
such anirradiation of y-HMX in contact with water vapor results in an en-
hancement of surface activity that is comparable to the effect of a 15-Mrad
dose,  Exposure of =HMN to NO, and NO increases surface activity by
28 and J2%, respectively: irradiation of these samples with one Mrad

gives no additional enhancement.

The increased rate of thermal decomposition is not specific to radiation=
enhanced surfuce activity promoted by water vapors hut 15 found to be a
function of gamma-ray interaction with bulh molecules as well.  However,
the increased rates of thermal decompositionof unirradiated samples of y-
HMX exposed 1o NO and NO, are attributed solely to thermally unstable
reaction products of NO-HM\ and NO,~iIMN surface adducts,

INTRODUCTION

In the simplest case, a surface inn or molecule of a solid has at most
five-fold coordination while its subjacent neighbor has a completed coordi-
nation mmber of six.  Theinteratomic distonces, either between ions or
within a given molecule, arerelatedto the prevailing fraction of the nomal
coordination number for a particular system,  From six-fold coordination
of ions within the crystal 1o single vapor molecules, the Na-Cl distance
decreases from 2.81 to 2.51 A, In agreement with this observation, the
arrasof surface layers are shown to be fess than those of the internal
layers,  As a result, the binding forces as well as the distances in the sur-
face layer are different from those in the interior of the erystal. I addi-
tion, changesin the internudcdear distnees affect the state of polarization

of ion . Accordingly, the thermal vibrations of ions or molecules in
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surface layers are less hamonic and henca the electron density distributions
are less symmetrical than those located in bulk.

The description of the surface layer of a solid as containing ‘ons or
molecules in a lower than normal coordination and having internuclear dis-
tances different from those in the bulk of the solid doesnot in itself s;;ppiy
the key to a better und-rstanding of surface chemistry. The relationship
between reaction rates and the structure of a surface layer under stress
wrnld zroidn additional information.  The bulk properties of macroscopic
crystals compnsed of approximately 10* atoms in depth cannot be affected
drastically by differences which exist between the structure of the interior
and that of a surface layer. However, even for macrocrystals, rate phe-
nomena that are initiated in the surface are likely 1o be influenced by such
differences in spite of the infinitesmal ratios of surface to bulk volumes.
The reactivity of solids which are surface initiated is highly sensitive to
changes induced by the screening of the surface with adsorbed atoms or
molecules.

In the screening process, an approach to the normal coordination number
is achieved. Theelectron clouds of the adsobed species supply the geo-
metric balance necessary for greater symmetry of electron distributions
within the surface layer. A nascent surface is under physical tension be-
cause of the tendency of the atoms or molecules to assume closer packing.
Adsorbed species which can improve the screening of the solid decrease
the stateof tension by causing the surface layer to expand.  In the dry
state, the surface of nitrogen indide is unsymmetrical and as such is un-
stable.  As a result of this surface instability the solid particles are
easily detonated and in some instances detonate spontaneously. Hosever,
when a water film isdeposited on its surface pitrogen iodide becomes sta-

bilized.

. melting points and phase transitions of solids can be changed by
moleceies which are good screeners. Correlationshave been made of solid-
state reactions with van der Waals forees of various ambient atmospheres.
Thereaction MgO + F,0, » MeFe O, proceeds very slowly at a given tem-
perature in a vacunm, whereasin the presence of gases the rate is gréatf}'
accelerated.  The greater the van der Waals forces of the physically ad-
sorbed gases (Ar, N, et (i.e., the more the surface resembles the ideal
crystal, the greater was the observed reactivity of the solids.

o



The screening of surfaces possessing highly polarizable and thermo-
dynamically stable anions and highly polarizing cations induces changes
in the mutual electronic interactions of the ions (continuous polarization).
Thermodynamically, there is little difference between Hg(N,), and Ba(N,),
because the energy is vested in the labile electronic structure, N,-.  But
the tendency for Hg** to extract an electron from N,- is much greater than
it is for Ba**. The difference in behavior between the transition metal
and alkali‘alkaline earth metal azides isbased on the ease of this con-

tinuous polarization. Crystals of Hg(N,), remain stable as long as the

surface is screened with water.  Removal of water creates a less symmetri-
cal surfuce film in which the alactennic interactinn is increased ) such an
extent that the crystal detonates.  Cupric acetylide (Cu(:,) detonates on

heating. But if the surface symmetry is increased by partial nxidation into

Cu0, the crystal decomposes on heating without detonating.

The examples cited above (Ref 2) show that the inherent differences
which exist between the structure of the “perfect’ crystal and that of its
surface layer in which the initiating processes exist is indeed of chemical
significance and that reaction rates in such cases can be affected by
changes induced at the surfaces. It should be emphasized, however, that
the study of the relationship of surface propertics to bulk properties has
been confined primarily to inorganic systems. Little or no woek has been
done in relating the two properties for organics or explosives (inorganic as
well ¢s organic). In fact, there isno definite poof that such a relationship
even exists. Knowledge of the existence of such a relationship would help
1o indicate how the condition of the surface of an explosive affects the ex-
plosive process and would also supply practical information on altering the
sensitivity of explosives.

It is conceivable that the physical and chemical propertie sof explosives
can be aitered in a desired direction by changes induced at the surfaces.
By controlled exposure of the sirface to adsorbate species it is possible to
elucidate the mechanism of autocatalytic decomposition.  As another ex-
ample, by using soft electromugnetic radiation, it may be possible to induce
the formation of a mono-layer polymeric film on the surface of an explosive.
In the case of explosives nomally sensitive to electrical and frictional
energies, the threshold of initiation may be raised to a desired level by the
deposition of a polymeric coating.  The polymer (e «., polystyrene) not only
forms a protective coating by virtue of its inertness, but may also stabilize

the explosive by the screening effect of the high electron density existing
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between the carbon cores.  In addition, such a protective coating may be

- effective in reducing the electrostatic interaction between particles  Such

a reduction may be desirable in the formulation of some explosives compo-
sitions.

This report describes a preliminary phase study of the relatioship of in-
duced changes in surface activity to the themal decomposition of »~HMN.
A radiometric solution adsorption method developed in this laboratory (Ref
1) was usedto indicate the changes induced at the surface of y=HMX by
cobalt-60 gamma radiation. ' '

EXPERIMENT AL

Preporation of Fine Particle HMX

Gamma-HMYX was precipitated rapidly in water as a textured powder from
a solution of 10 g HMX in 25 ml dimethyl sulfoxide {DMS0).  The precipi-
tate was immediately filtered and woshed: it wasthen placed on absorbent
paper to accelerate drving.  The polymorph of HW\ prepared in this manner
was shown by infrared and x-ray analyses 1o be of the gamma form.

The average particle size of this material was found by electron micros-
copy to be about 0.63 micron.  This value is in reasonable agreement with
the particle diameter of 0.90 micron calcalated from the observed BET sur-
face areaof 2.6 m* g.

Surfoce Arecs

Measurements were made by the BET method of Jow temperature (-197)
adsorption of N, and or Ar.

Gos Anclyses

The identification of gaseous products of radiolysis was performed by
mass spectrometry under a service contract with Gollob Anadytical Services,
Berkeley Heights, New Jersey,



Determination of Chonges in Surface Activity

Changes in surface activity were determined (as a function of changes
in saturated adsorptions of carbon-11 labeled stearyl trimethyl ammonium
bromide (STAB) from solution) by the radiometric method previously re-

ported (Ref 1).

Measurement of Trapped Gases

The release of occlided gases was done with M5S0 as the solvent.
Degassed DMSO and irradiated samples of HMN weremixed in a closed
system affixed with a breakseal.  After dissolution of the HMX, the sclu-
tion was frozen at -TH” and the gas pressure measured with a Mo Cleod
gauge.  All volumes were adjusted to STP.

RESULTS AND DISCUSSION

Annealing Studies

To more effectively pmduce and determine changes at the surface. HUN
of (.65 micron particle size was used for this study,  The reasonable
agreement obtained between calculated and observed particle size indi-
cites that thix material is nonporous.  Therefore anv adsorbate STAB
molecule interaction would be confined to the surface of the substrate,

HMX.

Since the area covered by the STAB mo'ecule 1t saturated adsomtion is
less than one half the total surface arca of HM\ thef 1), we have concluded
that the adsomption of NTAB oceurs by means of an ionte interaction be-
tween STAB and a polar stte. Therefore, any change in siriace activity
(active sites of a polar nature) produced by incident radiation conld be
mea~ired o the corresponding change in the saturated-adsorption values of
STAB. The nomal coverage for NTAB (Gapproximately 300 would make 1t
pnssible to detect deviations from this value in either direction. Objec-
tions to the method may be based on the possibility of sintering of fine
particles of y-HMX in the solvent system of the adsorbate, STAB. The
changes produced on the surface of y-HM\ could concersably be annealed
by contact with a liquid phase.  The experiment s summarized in Figure
1 {(p 19) were conducted to detemine the variable parameters involved and
to establish conditions that would minimize the effects of these varnables,
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A number of separate samples of the STAB-solvent system in contact
with 0.65 micron y-HMX were assayed for STAB content at various time in-
tervals. The series consisted of unirradiated and iradiated HMX, both
sets being subdivided into two portions, one of which was degassed and
the other of which wasnot. For both sets, STAB is shown to desorb ex-
ponentially from the HM\ surface asa function of tir:e of contact with the
adsorbate solvent. Although physical adsomtion is clearly demonstrated
in both casesit is quite obvious that the surface activity of the irradiated
HMX is significantly enhanced (to the extent of displacement of the two
sets of curvesby approvimately 70%).  Within the range of surface activity

~ measured by this solution adsomption m=thod, there is no observabie differ-

ence between the annealing effect of the solvent on the irradiated samples
and its effect on the control samples.  Therefom, the annealing process
must be independent of the radiation effect and dependent on some other
factor. ‘

Optical microscopic measurements showed nat, as desomption takes

“place with time in both sets, the particlesof p-HMNX sinter from the ininal

size of 0.63 micron to an «quilibrated size of approximately 10 microns in
the span of 15 to 21 hours (the asvmptotic portion of the curves <hown in
Fig 1). Concurrent with this change,the crystalline fom of the HMX con-
verts from 3 to B. as <hown by infrared analyses.  The desomption of STAB.
and hence the annealing process, can be attributed in either set to a de-
crease in the spedific surface activity proportional to a decrease in surface
area. The increase in crystal size corresponds in each set 10 a decrease

of 0.4 mg STAB desorbed per gram of HMNX.

An apparent differeace in the rateof crystal growth existsbetween the
irradiated samples tha! were degassed and thase that were not degassed,
vhereas the comparable unirradiated samples show no similar difference.
The difference in ratesof crystal growth could be attributedto the formation
of some polar surface constituents that are loosely bound and others that
are not removed by degassing ai ambient temperature.  The presence of the
former has a retarding rffect on therate of crystal growth, but the removal
of the latter results in a rate curve which is similar to that of the control.

where the two curves are suprmposable during the first hour of sample
equilibration, these complic ating andeoncurrent processes become negli-
gible.  The selection of a fixed 1 tiod of one hour for the equilinration of
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all samples gave reproducible data and rendered the solution adsorption
method a useful tool for comparative measurements of surface activity.

No significant post-irradiation annealing of the enhanced surface activity
of HMX was observed within a 30-dav period. This stability is apparently
independent of integrated dose over the 4- to 40-Mrad range. A significant
decrease of sutface activity was observed only after 96 days post-irradiation
for a sample exposed to a 16-Mrad dose. Since all measurements were made
within a 5-day period, annealing of radiation-enhanced surface activity was
not considered as a variable,

The chemical stability of irradiated y-HMX is illustrated in Table 1 (p
14).  Both the type and quantity of the products of the radic!ysis are con-
stant and independent of post-irradiation time.  Apparently, there are no
secondary gas phase or gas-solid phase reactions; and there is no diffusion
of any interstitial gaseous products of radiolysis to the surface within a ‘
36-day period. In fact, only residual quantities of occluded gases are pres-
ent, as will be shown tater. [rradiated y-lIMX is, therefore, shown to be
stable generally in exposuresto products of radiolysis as well as to the at-
mosphere over the period of time studied.

Dose-Surface Activity interrelationships

The r 'tation-enhanced surface activity of y-HMX was studied as a func-
tion of integrateddose to establish optimum conditions for a maximum ratio
of surface-to-bulk molecular interaction with incident gamma radiation.

Figure 2 (p 20) showsthe effect of various doses of gamma rays on ad-
sorption isotherms of STAB on HMX. The curves are all of the same type;
but with increasing dose, the amount of adsomption risesmore streply with
increasing concentration, and the rventual saturated adsorption at the
plateau is higher. This indicates that the number of ion-dipole interactions
between STAB and HMYX increases with dose. Presumably, radiolysis of
surface molecules produces groups of a more strongly polar character than
normally exist in HMX. The surface area of the unirradiated HMX (2.6
m*/g) decreased 22% to 2.1 m*-g after 64 Mrads irradiation.  But the cor-
responding specific adsorptions (unit area basis) increased from 0.65 to
1.3 mg STAB m? respectively, or by a factor of two.

~3
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The dose depeadence of saturated adsorption cormsponding to radiation-
enhanced surface activity is shown in Figure 3 (p 21). There isan induc-
tion period for radiation-enhanced surface activity during the first 5 Mrads.
Of particular interest is the fact that one Mrad is the maximum dose to
which y-HMX can be exposed without undergoing changes in surface acti-
vity as indicated by STAB adsorption.  After an irradiation period of 5
Mrads, there is a linear relationship between dose and surface activity.
The “y"" intercept of this line is approximately 1.9 mg STAB g HM\.

When the surface activity is plotted versus the composite gaseous pro-
ducis of radiolysis (Fig 4, p 22), the extrapolated linear portion of the
curve following an induction period also intercepts the ordinate axis in the
region of 1.9 mg STAB g HMX. Apparently, integrated dose and evolved

composite gaseousproducts are related to enhanced surface activity.

When the Compton interaction of gammas with matter is taken into con-
sideration, the observed interrelation cannot be attributedto evolved gases
derived solely from radiolyzed surfuce molecules.  Because gas evolution
and dose are related to surface activity in the same manner, the assumption
is made that gaseous products of radiolvsis, as derived from bulk as well
as surface molecules, are being evolved from approximately one-micron
y-HMX. Urizar (Ref 3) has indicated the reverse to be the case, presum-
ably for Jarge-particle 8-HMX. Certainly, particle size would affect the
deg-ee of gas occlusions.

To verify the above assumption, the dependence of radiation-induced gas
evolution on particle size in terms of surface area, I, is presented in
Table 2 (p 15). The ditference in surface areas of the two samples
studied is approximately one onder of magnitude.  No attempt is made to
interpret the variations of the Jose-dependent ratios of the constituent
gases as a function of surface area.  The combined disproportional vol-
umes of evolved and trapped gases are shown to be independent of surface
area but solely dependent upon integrated dose.  The ratio of evolved
gases as a function of decreasing surfice area is much greater at the lower
dose than at the higter dose, roughly 8 as against 3. The escape ratio
{volume evolved volume trapped) of the large-surface-area HMN is approx-
imately the same for both doses.  However, the escape ratio of the small-
surface-area sample is very small and increases slightly from 0.1 to0 0.3
with increased dose,
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The conclusion drawn from these ratios is that the smaller the particle
size, the greater the opportunity for gases to escape freely to the surface,
and the larger is the escape ratio and the more independent of integrated
dose. Based on 2,67 « 10* A° for the molecular volume of HMX, as de-
temined by Cady (Ref 1), and using a 0.65 ~ 0.65 » 1.64 g model corre-
sponding to 2.6 m*.'g, the ratio of surface to bulk molecules was calculated
to be 17300,  Apparently, for a depth of roughly 300 molecules the diffu-
sion rate of the gases israpid enough for their evolution to the surface to be
virtually complete soon after formation.

From 5 to 60 Mrads, the radiation-enhanced surface activity of y-HIM\, as
determined by the saturated adsorption of STAB. is clearly a linear func-
tion of the dose-dependent evalution of composite gaseous products derived
proportionately from surface and bulk molecules.  The lack of enhanced
surface activity at 1 Mrad suggests that the effect occurring at larger doses
may result from the presence of gaseous products of radiolysis adsorbed on
the surface of the y=HMX  Conceivably at one Mrad the relative pressures
of the reactive gaseous products are too low for adsorption to take place
(see Fig 5, p 23).  Allen (Ref 3) has shown that a gas phase in contact
with a solid subtrate can draw excitation energy from a considerable volume
of sdid. On an organic solid like HMX, radicals or atoms formed from ex-
citation and decomposition of adsorbed molecules would react with the sur-
face of the solid, producing abnormally active sites. The total dose of
one Mrad does not by itself induce anv measurable increase in polar sites
as determined by the radiometric methcd.  Therefore, any change in surface
activity observed in samples irradiated with the same dose but while in
contact with gases must be attributed 1o the presence of the gases.

Irradiation of HMX Gas Mixtures

To test this hypothesis, y-HMNX was irradiated with 1 Mrad in the pres-
ence of the various gases listed in Table 3 (p 16). In the presence of
water vapor, the radiation does in fact enhance the saturated adsorption by
13%.  Exposure to NC, and NO increases the adsorption without radiation,
by 28% and 2%, respectively: exposure to | Mrad gives no additional en-
hancement.  These results wonld imply that NO, and NO undergo chemical
reactions with surface molecules of y-HMY prior to irradiation and that the
surface adductsresulting theretrom are stable when subjected to the [-Mrad
dose,

Y




To shed additional light on the significance of these observed changes
in surface activity, mass spectrometric analyses were performed on the
gaseous productsof radiolysis of the solid gas phase mixtures. The gas
_analyses are recorded in Table § (p 17). Data on the NO, HMNX mixture
were not available because NO, cannot be analyzed easily with the macs
spectrometer,  The ratio of major products of radiolysis for H,0 HMX is
identical to the ratio for vacuo HMX.  The only significant difference be-
tween these twa systems is in the quantities of composite gases produced
by radiolysis.  The increased gamma interaction with y-HMN in the pres:
ence of water is consistent with the observed surface acitvities listed in
Table 3. The number of gascous constituents is the same for unirradiated
NOHMN as for irradiated NO HMX with the exception of minor quantities
of H,  There is apparently a dark reaction between NO and HMN that is
common to the radiation-induced reaction. The CO associated with this
reaction and the high ratio of N0 to N are not observed for any of the other
Systems.

Although radiation produces, as a function of NO pressure, 310 7 times
the quantities of gases derived from the Jark reaction, the respective spe-
;ific adsorptions are the same. The 1ype of polar sites produced by the
dark andradiation-induced reactions might be the same, but their number
may differ.  The 12% increased adsorption represents, ronghly, 50% cover-
age of the y-HMX surface area.  Because of steric hindrance, this coverage
may be considered maximum for STAB.  Presumably, though additional polar
sites may exist, they cannot accommodate any more 3TAB molecaies be-
cause of the already saturated condition of the surface of the ~HMX.

Therma! Decomposition Studies

In an attempt to relate changes in sarfuce properties to bulk behavior, a
study was made of the thermal decomposition rates of those samples of y-
HMNX showing enhanced surface activities, as ipdicated in Table 3. The
results of this study are shown in Table 5{p 18). Because the accelera-
tory rate, k,, of irradiated va uo HMN is 7% greater than that of unirra~
diated vacuo -HM\, no significance can be aseribed to the 17% increase in
k,, of irradiated H,0 HMX, NO HMX, and M), HMX.  Of notewonhy inter~
est are the percent inflection points of imadiated NO HMY, vacun HM\, and
NO, HMX, which are }1, 38, and 7. respectively, as compared to 7% for
unirradiated vacuo HMN. The onler of sustained aceeleratory period is

10
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NO,/HMX > NO'HMX > vacuo /HMX.  Any interpretation of thisorder is un-
doubtedly complicated by the combined effects of radiation and enhanced
surface activity. That the latter effect can play a role in the thermal de-
composition rate is discussed in the next paragraph.

The NO/HMX and NO, 'HIMN whi¢h were not irradiated and showed en-
hanced surface activity (12% and 28%, respectively) are representative of
~ changes that have been induced solely and selectively at the surface.
Therefore, comparison of their thermal decuniposition rates with that of the
control, unirradiated vacuo-HMN, is considered valid. The acceleratory
rate of thermal decomposition of both these samplesis 8% greater than that
of the control and the acceleratory period is 1% shorter.

The adscrmption studies have shown that one-third of the total surface
area of HMX is covered by the STAB molecule.  The unit cell of y-IMX,
according to Cady (Ref 4) and Pepinsky (Ref 6), has freely extended polar
NO, groups at each end, and NO, groups which are somewhat shielded (via
intermolecular hydrogen bonding) on four sides. This could account for the
one-third coverage by STAB since the suggested mode of adsorption for
quaternary salts is an ion-dipole interaction. Similarly, the NO and NO,
vapor molecules could be interacting chemically with the one-third of the
surface that is hydrophilic, producing thermally unstable melecular species
of the type: R-Nil,, RCHO, RCH,0H, and RNHNO,. The presence of these
species on the surface in such restricted concentrations conceivably could
increase the acceleratory rate of themal decomposition to the extent ob-
served.

CONCLUSIONS

The radiation-enhanced surface activity of HMX as determined by satu-
rated adsorption of STAB from solution is a function of the dose-dependent
evolution of composite gaseous products derived from both surface and bulk
moiecules.

(Gamma irradiation at low doses has been shown to interact nonspecifi-
cally with »-HMX in the presence of paramagnetic gas molecules.

11




Increases in the rate of thermal decomposition of y-HMX which has been
exposed, ‘withou' ircadiation, to O and NO, are attributedto thermally un-
stable reaction products of NO HMX and NO, ‘HMX surface adducts.

Although the radiometric method of ST AB adsorption frum solution has
served effectively to indicate qualitatively the {hanges that take piace at
the surface of HMX, it has serious inherent limitations. The water-alcohol
adsorbate system as a condensed phase in contact with the adsorbate pro-
duces a myriad of interactions competitive with the adsorbate-adsorbent
adsorption potential.  This report has demonstrated that these complex in-
teractions have a strong annealing effect on active polar sites and that
increases in the number of polar sites within the effectively large area
covered by STAB are not detected. >

RECOMMENDATIONS

The dark reaction existing between NO (and presumably also NO,) and
HMX may prove effective in inducing changes of a permanent nature
{chemisorption), preferably at the surface.  Another possible method of
accomplishing this would be by the activation of gas molecules to their
excited or dissociated states with electrodeless discharge in close proxim-
ity to the solid phase for efficient gas-solid interactions. The use of
2-6 ev energy electrons with half-thickness absorptions of one 1o two
molecular diameters could also conceivably induce changes confined to
surface molecules,

By means of a BET apparatus, surface properties can be more precisely
measured and quantitatively compared on a unit area basis.  The system
of measuring isrelatively simple, consisting of a gas phase in contact with
the solid material.  Heats of adsorption can be obtained from mulni- ;
temperature isotherms {isosteric heats of adsorption). From adsomptions at
low relative pressures, energy site distributions can be calculated.  With
immersional heats in conjunction with preadsorbed quantities of water vapor,
enthalpies, free energies, and entropies of adsorption can be determined
(Rel 7). such thermodynamic surface properties would be most sensitive to
induced changes and amenable to quantitative measurements.  In this

manner surface activities can be more effectively comparea to bulk properties

of metastable materials,

T
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. Goseou o
Products

H,
co
N}
NO
N,0
co,

Mass 526

Total

TABLE |

Post-irradiation stability of gomma-HMX®

cc (Gas) STP ~ 10°‘g HMX with Post-lrradiation Time (Doys)

0.004

0.017
0.023

0.051

0.006

b

at end of serial analyses,

4.3
5.7
365.7
91.4
60.0
5.7
0.6

583.%

Control® 3days 4 doys 6days 10 doys 24 doys 36 days

5.0 59 6.0 1.0 33
Bé6 300 30.9 329 27.1
3.7 071 107.1 HZ9 3586
8.6 1114 Hig 1214 1.4
6680 720 729 5.7 72.9
Re 4.1 1.1 61.4 53.7
0.6 7 0.8 0.8 0.7

5970 6753 6754 T30 620.7

2 . . : .
7 g samples {average particle size~0.1 y) from a common batch preparation, evacyated

and irradiated at same time for 16 hours -6 Mr.
As determined by mass spectrometric analysin,

Evacuated at same time and ip same manner ao irradiated samples: analysis performed

An organic constituent not identilicd {possibly cyanogen, NC-UN)

1
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TABLE 3

Dependence of surfoce activity of y-HMX on

irradiotion with vorious gases

Unirradiated y-HMX irrodiated? y-HMX

m'/g 23 21 19 21 23 - 20 2.3
Gas H,0 NO NO, Vacuo H,0 NO NO,
1 2 1 2 1 2
Satyrated COLIE 1A LML 123 130 1.35 132 155 LI
“Adsorption LI12 160 L20 L13 132 120 137 147 L45 L2
) L13 L .29 1.12 184 123
mg STAB g X
L1t L33 B R 5. 1.19 166
Average Adsorption
unit £P 0.560 0.71 064 031 056 057 0.71 0.76 0.71 057

a?)ase * | Mrad.

b
#0.04 mg STAB unit ares,

16

*
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Yacuo

H,0

NO

NO,

TABLE 5

Thermal decomposition ratesd of y-HMX
i.radioted with various gases

Dose,
Mrod

1.0

10
10

1.0
1.0

1.0
1.0

iib, min™*

* 10

2.3
14.3

125
4.8
3.7

13.3
13.8
1.1

13.2
14.0
13.8

*values significant to +0.2.

k.&rcf?ﬂﬂmg rate of chain reaction.

€ .o
k,*, min

N 3‘}3!

8.6
8.6

8.1
9.4
9.2

7.8
9.0
9.8

8.5
9.7
0.1

SDecay rate of first order residual HUX deconposition reaction.

di}§ acceleratory and decay rates.

3

18

laf%exé '
Point, %

.9
38.3

47.0
39.1
383

334
40.7
42.0

43.8
48.6
7.7
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Fig1 Effect of adsorbate solvent system on stability of particle size of
irradioted and unirradiated .65, gamma HMX
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