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U RAfKGROTlND OF THE INVENTTON 

The present invention relates generally to explosive 

materials and to methods of preparing such materials and 

relates mo:re particularly to explosive double salts and to 

5 their preparation. .This invention is a resultsof a con- 

tract with the Department of Rnerqy (Contract' No. W-7405- 

. ENG-36) .a 

A double salt is a salt made up of two different types 
. . 

. . 
of cations\and one type of anion or of two different types 

. . 
.': . . . .: 10' of anions and one type of cation. 

I '  

In research on explosive materials, mixtures of vari- 

ous materials have been made, melted, and recrystallized. 

Such study of eutectic mixtures (i.e., mixtures wherein 

the molten phases are miscible, but the solids are immis- 

15 cible) has been done in order to try to obtain very inti- 

mate mixtures of materials. It is well known in the art 

area of explosives that when the grain size of a eutectic 

composition of oxidizer and fuel A is finer than that of a 

eutectic B with similar chemical composition, the energv 
20 release in a detonation of A will be faster than in a det- 

onation of B because,mixing of the oxidizer and fuel will 

occur in a shorter period of time. When a eutectic is 

crystallized from a melt, better mixing of the ingredients 

of the eutectic is possible than can be obtained by qr'ind- 

25 ' ing and mixing the powders which were used to form the eu- 

tectic. Additionally, crystallizing a eutectic is often 

safer than grinding and mixing together powders which are 

explosives. 



: A  large variety of materials have been mixed together 

in attempts to find good eutectic compositions. This has 

included work in which ammonium nitrate (hereinafter re- 

ferred to as AN) and diethylenetriamine trinitrate (here- 

'inafter referred to as DETN)-were mixed and melted togeth- 

er in an attempt to find a good eutectic. However, appli- 

cants do not know of any discovery by others of any com- 

pound formed between'AN and DETN or between AN and any 

other fuel which contaihs only carbon, hydrogen, nitrogen, 

. and oxygen. 

Conventional military explosives such as TNT have the 

oxidizer and fuel combined in one molecule, assuring very 

short diffusion distances for the chemical reaction that 

drives the detonation. The same benefit would be true of 

an explosive in which the oxidizer and fuel were separate 

molecules but which combine to form a crystalline com- 

pound. Ammonium nitrate is such a compound, but it has 

the disadvantage of having.an excess of oxidizing power. 

Other nitrate salts have also been used as explosives, but 

they have had an excess of fuel or other disadvantages 

that preclude their use. It would be very desirable to 

obtain a compound with oxidizer/fuel ratio that is nearly 

equal to one. 

Therefore, there has been an extended search for such 

explosive compounds. For approximately fifty years, this 

search has gone on for an explosive double salt compound 

w i t h  a near unity oxidiaer/fuel ratio because it would 

have more explosive potential than would a mechanical mix- 

ture of the same ingredients used to form the compound. 

An especially.desired goal has been to find an explosive 

double salt which will have essentially only gaseous pro- 

ducts when it explodes because solid products detract from 

the power of the explosive and its ability to do work. 
However, despite this fifty-year search, such a mate- 

rial until now has not been discovered. 



SUMMARY OF THE INVEh?TION 

objects of this invention are a double salt having ex- 

plosive properties and forming essentially gaseous pro- 

ducts upon exploding, as well as a method of preparing 

such a compound. 
Other objects of this invention are a very fine- 

grained eutectic composition (of which the grain is finer 

than the grain of any previously known eutectic of the ma- 
terials forming the eutectic composition), as well as a 

method of preparing such a fine-grained eutectic. 

Addi'tional objects, advantages, and novel features of 

the invention will be set forth in part in the description 

which follows, and in part will become apparent to those 

skilled in the art upon examination of the following or 

may be learned by practice of the invention. The objects 

and advantages of the invention may be realized and at- 

taineb by means of the instrumentalities and combinations 

particularly pointed out in the appended claims. 

To.achieve-the foregoing and other ohjects, and in ac- 

cordance with the purposes of the present invention, as 

embodied and broadly described herein, the composition of 

matter of this invention comprises a double salt compound 

which is a 50:50  molar percent addition compound of AN and 

DETN. The compound was determined to have the formula 

This compound is fully characterized'by (i.e., can be 

identified by) its X-ray diffraction pattern and its phase 

diagram, as described below. The actual molar ratio of 

AN:DETN in the compound may differ slightly from a 50 :50  

malar ratio (perhaps up to a few.percent) because of solid 
solution effects and crystalline defe.cts. 

Throughout this application it should be understood 

that the temperatures given for the spontaneous or rapid 



growth of the compound are not based on thermodynamics but 

are temperatures at which an experienced practitioner will 

observe the experimental results indicated in this appli- 

cation in a reasonable period of time. When time is un- 

limited, the.same result should be observed wherever the 

compound is stable (as shown in Figure 2). Temperatures 

which are not based.on thermodynamics will be prefaced by 

"aboutn because of the possibility of a range around the 

given temperature. :.Thermodynamic temperatures are given 

as measured, but it should be understood that they may al- 

so have experimental errors. We have no reason to believe 
0 that the thermometers used have errors larqer than 1 C. 

The present invention also comprises, in accordance 

with its objects and purposes, a method for preparing in 

essentially pure form the new composition of matter des- 

cribed above, said method comprising: (a) mixing AN and 

DETN in a . relative . molar ratlo of about 50:50 ;  (b) heating 

the mixture so that its eutectic melts; and (c) maintain- 

ing the temperature of the melt below 124'~ but higher 

than the temperature of eutectic melting for a period of 

time sufficient to enable the compound to form. Addi- 

tion of seeds of the compound ensures the rapid conversion 

of melt to solid. Thereafter, the temperature of the com- 

pound must be maintained above 46'~ to prevent its slow 

dissociation back into AN and DETN. However, when the 

molar ratio of AN:DETN in step (a) above is 6 5 : 3 5  and when 

the temperature in step (c) above is maintained above 

about 110'~ (the temperature on the liquidus line for 

the mixture) but below the temperature on the liquidus 

line corresponding to that composition for the compound 

then the thermodynamics and kinetics of recrystallization 

from the melt both appear to be appropriate so that the 

compound will form most easily gnd will be as vjsually 

distinct as possible from crystalline DETN. Once the com- 

pound is prepared, crystals of the compoiind can he used as 



seed crystals to produce large quantities of the 

compound. 

The present invention also comprises, in accordance 

with its objects and purposes, a very fine-grained eutec- 

tic (finer than any previously known eutectic of AN and 

DETN) , which forms when the compound of the invention dis- 
sociates. This dissociation occurs when the temperature 

of the compound is allowed to fall below 46'~. The re- 

sulting decomposition product itsblf has useful explosive 

properties and is believed to be new and unobvious due to 

it's very fine grain size. The fine grain size results 

from recrystallization from a solid phase, instead of the 

normal eutectic crystallization from a melt. 

The present invention also comprises, in accordance 

with its objects and purposes, a method of producing the 

fine-grained eutectic described above, the method compris- 

ing allowing the temperature of the compound of the inven- 

tion to fall below 46'~. 

The compound of the invention exhibits the following 

significant advantages. When it explodes, the products of 

the explosion are essentially all gaseous. This is very 

important because this property results in greater ability 

to do work than if some products were not gaseous. 

Additionally, because the compound of the invention is 

a compound, its detonation properties (i.e., its detona- 

tion velocity and pressure) can be predicted and will be 

greater than or equal to those of any mechanical mixture 

of AN and DETN having the same density as the compound of 

the invention. 

The ingredients AN and DETN, from which the compound 

is prepared, are inexpensive. Furthermore, the compound 

forms eutectics with other explosive compounds (e.g., 
AN). The compound/AN eutectic has a processing tempera- 

ture for casting of explosive items of above about 114Oc 

to below the temperature on the liquidus line correspond- 

ing to the particular composition. This ranqe is neither 



too high nor too low for practical applications. This 

means that the compound of the invention can be cast as a 

molten slurry at temperatures attainable by high pressure 

steam, and hence it is expected that it can be used in 

, . s  plants presently used to fill TNT based munitions. The 

,processing temperature range can be lowered by the addi- 

. tion of other soluble materials such as ethylene diamine 

. .  , dinitrate. Additionally, the compound is quite insensi- 

tive, as shown by the results of impact tests described 

10 below.: Furthermore, even if the compound dissociates 

(which occurs if the temperature of the compound falls be- 

low 46O~), the dissociation product is itself a useful 

composition of matter since it is a fine-grained eutectic 

explosive. 

, 15 The present invention also comprises, in accordance 
with its objects and purposes, explosive articles of manu- 

. . facture for'med from the compound of the invention and ex- 

plosive articles of manueacture formed from the fine- 

grained eutectic of the invention. 

20 . BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which' are incorporated in 

and form a part.of the specification, illustrate various 

embodiments of the present invention and, together with 

the description, serve to explain the principles of the 

25 . invention. In the drawings: 

FIGURE 1 is a photograph at a linear magnification of 

105X of crystals of the compound of the invention and an 

adjacent region of molten AN/DETN mixture. 

FIGURE 2 is an experimentally determined phase diagram 

30 of the compound of the invention. 

FIGURE 3 is a photograph at a magnification of 3 3 8 ~  of 

a crystal of the compound of the invention and some 

AN/compound eutectic. 

FIGURE 4 is a photograph at a magnification of 3 3 8 ~  of 

35 the same region as Fiq. 3 which shows the fine-grained eu- 

tectic composition of t h e  invention which founc6 when t h e  



compound of the invention decomposed be1 ow 46OC, specif- 

ically in this case at 22Oc. Note that it is very dif- 

ficult to distinguish individual crystals of AN or DETN 

because they are so small. The lower parts of ~iqures 3 

and 4 show the conversion of the compound of the invention 

to its pseudomorph, described below. 

FIGURE 5 is a photograph at a aqnification of 338X of '7 
crystals of AN and DETN grown from a melt (i.e., prior 

art), rather than by decomposition 'of the compound of the 

invention. These crystals appear to be about ten times 

the size of those in Fig. 4. There is also a region of 

melt at the top of this photograph. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the practice of the invention, the starting materi- 

als for pr.eparing the new compound of the invention are AN 

( e . ,  ammonium nitrate, NH4N03) and DETN (i.e., di 

ethylenetr iamine tr initrate, (NA3CA2CH2) 2NH2] +3  NO^-) 3) . 
~ h /  starting material AN is commercially availahle in 

high purity form. However, DETN is not commercially 

available and must he prepared. 

The preparation of DETN can be done in any of several 

ways. Two suitable ways are to react diethylene triamine 

with excess nitric acid and precipitate the salt by the 

addition of methanol, or to evaporate water from solutions 

of the salt. Other conventional means for isolating inor- 

ganic salts could be used. 

The compound of the invention can be prepared from AN 

and DETN in the following manner. Powders of AN and DETN 

are mixed in a particular molar ratio (described below), 

and the mixture is heated to a temperature which is suffi- 

ciently high to melt the AN/DETN eutectic but which is be- 

low the temperature on the liquidus line corresponding to 

that composition on the phase diagram of AN/compound. If 

the temperature is above the AN/compound eutectic tempera- 

ture, then the closer the temperature is to the AN/com- 
pound eutectic temperature, the greater is the dr i v i n q  .. 



force for compound formation. A temperature of about 

114'~ is nearly optimum. Then the molten mixture is 

maintained at that temperature for a period of time suffi- 

cient to enable the compound of the invention to form. 

5 Getting the compound to form is not a trivial matter be- 

cause the molar concentration of reactants must be approp- 

riately selected as described below, the temperature at 

I; which the lcompound forms must be selected as described 

: above, and:.the time period for its formation must also be 
i 

10 ' sufficient. Therefore, others who have melted the react- 

ants AN and DETN together might have formed the compound 

to some extent; but they would not necessarily have formed 

it to any extent. Applicants fortuitously noticed by us- 

ing a microscope that crystals of the compound formed as 

15 they raised the temperature of a particular melted molar 

ratio of AN and DETN. The crystals that formed could not 

be AN or DETN because the AN and DFTN had already melted; 

thus, they were recognized to he something new. To appli- 

.cantsg knowledge, nobody previously has made the compound 

20 of the invention. A photograph of crystals of the com- 

pound is shown in Fig. 1. 

The compound of the invention has formed without seed . 

crystals on.l~y..,within a quite narrow temperature and com- 
. . ' '.. 

position r nge. However, the compound is stable and will f - 
25 form slow1,y::by growth from seeds over a much wider temper- 

: 1' 

ature and composition range. As seen on the phase diagram 

shown in Fig. 2, that temperature ranqe of formation and 

observation is fa maximum when the molar ratio of DETN:AN 

is about 35:65.  At that molar ratio, the temperature 

30 range of formation o@ the compound is from about 114'~ 

to the temperature on the liquidus line. If others had 

made a melt of AN and DETN at that molar ratio, probably 

.the temperature wnu1,d ,not have heen within that narrow 

range for a period o! time sufficient to form the com- 

35 pound; and if the melt quickly cooled down through that 



narrow temperature range before recrystallization, then 

the crystals would have been a mixture of AN and DETN, not 

crystals of the compound of the invention, because AN and 

DETN recrystallize faster than the compound forms. This 

means that the temperature must be held within the narrow 

range of formation of the compound while the compound 

forms. However, as stated above, the temperature range at 

which the compound can exist (and be stable) after it has 

formed is broader than the range in which the compound can 

form quickly. 

As shown on the phase diagram in Fig., 2, the compound 

can theoretically form when the molar ratio of DETN:AN is 

anywhere between O and 100% DETN; however, that does not 

imply ease of observation or formation. When that molar 

ratio is 50:50, the compound forms within the range from 

about 114 to 124Oc; and at temperatures up to 124Oc, 

only 'crystals of compound (without melt) are present. 

However, as mentioned above, when the molar ratio of 

DETN:AN is about 35:65, the formation of the crystals of 

the compound of the invention can be most easily observed 

because the temperature range where only compound and melt 

.exist is largest at that molar ratio. 

Of the attempts at forming the crystals of the com- 

pound of the invention from 35:65 mixtures on a microscope 

elide, in 9 out of 10 runs, the lonq, needle-shaped crys- 
tals of the compound of the invention formed. In the one 

unsuccessful run, the fact that the crystals of the com- 

pound of the invention did not form is not understood a t .  

t h i 8  time because it is believed that t h e  same procedure 

was carried out for all of the 10 runs. 

Once the crystals have formed, they can be used, if 

desired, as seed crystals to ensure the formation of the 

compound and to eaee its formation in other AN/DETN m i x -  
tures.   he addition of such seed crystals to a mixture of 
AN and DETN a t  a temperatllre hetween 46Oc and ll4Oc 



will eventually lead to a mixture of the compound and ei- 

ther AN or DETN, whichever is in excess. The rate of the 

conversion is faster at temperatures above the AN/DETN eu- 

tectic temperature (i.e., above 1 0 7 ~ ~ )  than at lower 

temperatures. 

It is believed that small amounts of impurities can be 

present in the AFT and DETN and will not adversely affect 

the formation of the compound of the invention. 
i 

One alternate (althouqh not preferred) method for pre- 

paring the compound of the invention is to add nitric acid 

to a mixture of the triamfne and perchloroethylene, then 

to add ammonium nitrate, then to heat to distill off the 

water which formed, and then finally to add seed crystals 

of the compound to ensure its formation. 

Another method of preparation is to evaporate an aque- 

ous solution of AN and DETN at temperatures above 4 6 O ~ .  

Addition of  seed crystals of compound helps initiate its 
% 

crystallization. Similarly, an excess of AN helps over- 

come 'the high solub'ility of AN. 

When the compound was subjected to an impact test, 

described in Example 4 below, it was found to be relative- 

ly insensitive; but it is clearly an explosive. 

Another identifying characteristic of the compound of 

the invention (as discussed above) is that the compound is 

thermodynamically unstable with respect to AN and DETN and 

decomposes to the starting materials when the compound is 

not maintained at a temperature above 4 6 O ~ .  This decom- 
position takes place rather slowly. The factors that con- 

trol the rate of this transformation are very complex, and 

it is not possible to predict the degree of dissociation 

as a function of temperature alone. At room temperature 

the conversion requires a period of days. 

The decomposition product, as discussed above, is a 

f ine-grained composition of matter of AN and DETN in the 

form of a pseudomorph of the original compound. That is, 



t h e  o r i g i n a l  compound decomposes t o  a mixture of f i n e  
c r y s t a l s  of AN and DETN i n  a form which r e t a i n s  the  shape 
of t h e  o r i g i n a l  c r y s t a l  of compound; and t h i s  behavior 
c h a r a c t e r i z e s  t h e  compound. T h i s  can be seen in  a compar- 

5 ison of t h e  lower p a r t s  of Figures  3 and 4.  The g r a i n  
s i z e  of t h e  decomposition product (shown in  ~ i g u r e  4 )  ap- 

pears  t o  be about one-tenth t h e  s i z e  of t h a t  formed i n  
normail r e c r y s t a l l i z a t i o n  (shown i n  ~ i g u r e  5 ) .  For explo- j . .  

s i v e s ,  the  important s i z e  parameter is t h e  min imum d i f f u -  

10 s ion  d i s t ance  f o r  coGplete mixing during detonat ion.  

The phase diagram was experimenta1l.y obtained by using 
accepted standard techniques,  a s  a r e  described f o r  example 

i n  Fusion Methods i n  Chemical Microscopy, W. C. McCrone, 
In te r sc ience  ~ u b l i s h e r s ,  Inc.:NY, 1957 a t  pp. 2-4 and 

15 132-172. That re ference  is hereby incorporated here in  by 

reference.  
The formula of the  compound of t h e  invention was de- 

terdined a s  p a r t  of. t h e  phase diagram determination. ~f 
one forms t h e  compound from a 50:50 molar r a t i o  mixture of 

20 AN and DRTN, t h e r e  is no evidence f o r  an excess of e i t h e r  
. A N  or DETN a s  a sepa ra te  phase between 4 6 ' ~  and 1 2 4 ' ~ ;  

and t h i s  f inding  is t h e  proof t h a t  t h e  formula of t h e  com- 

. pound is 

25 This  is f u r t h e r  described i n  Example 3 below. 

Shown i n  Table I below a r e  t h e  x-ray d i f f r a c t i o n  pa t -  

t e r n s  of a mixture of t h e  compound of t h e  invent ion,  AN 

and DETN; t h e  pa t t e rn  of pure AN (polymorph I V ) ;  t h e  pa t -  

t e r n  of pure DETN; and a pa t t e rn  of the  pure compound ob- 

30 ta ined  a t  115'~. There is some e r r o r  i n  t h e  values 
which a r e  given i n  Table I because the  values were ob- 

t a ined  from f i lms  and standard t ransparent  tldtl s ca les .  

The reading e r r o r s  when converted t o  mi l l imeters  on f i l m s  



from 114.5 mm-diameter cameras should not exceed 0.5 mm. 

The 115'~ pattern was obtained on a modified precession 

camera on a flat film. Single crystal precession photo- 

graphs have also been obtained, but the correspondence be- 

5 tween spots of known index and the powder pattern has not 

as yet been made. It is believed that the pattern given j:'.:~. ' in the table for the mixture of the compound and AN and 
.( .; .., . e .  
! DETN is accurate enough so that the compound of the inven- L'; . . ; :  . . : ': . 
. tion ca'n be identified from that diffraction pattern. 
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TABLE I 

X-ray patterns of Compound, AN, and DETN using the 

methods described in Example 3. 

COMPOUND COMPOUND 
(+AN and DETN) ANIV DETN llS°C 
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W 

V = V e r y ,  W = Weak, M = Medium, S = Strong 
50 1 = Intensity, d = interplanar spacing in A 



Another characteristic of the compound of the inven- 

tion is that the compound crystallizes in space group 

PZl/c, with a = 10.48 1, h = 14.43 A, c = 14.20 A, - - - - 
and $ = 134.3O, wherein these parameters are defined 

5 in International Tables for X-Ray crystal lo graph^, vol. 1, 

The Kynoch Press; Birmingham, England, 1952, and in F. 

Donald Bloss Crystallography and Crystal Chemistry, ~ o l t ,  

Rinehart ,.and Winyton, Inc. :New York, 1971 at pp. 162-174, 

which is hereby incorporated herein by reference. Using 

10 the measured parameters, assuming 4 molecules per unit 

cell, and using the method described in F. Donald Bloss, 

cited above, at pp. 347-348, (which is hereby incorporated 

by reference), the crystal: density was calculated to be 
3 1.61 g/cm . 

15 The density of the compound of the invention has been 
3 measured to be about 1.53 g/cm. by liquid displacement. 

This is described in Example 5 below. It is believed that 

this number is low because of possible trapped bubbles in 

the preparation. 

20 Although the compound of the invention is not stable 

at temperatures below 4 6 O ~ ,  it is believed that it might 

be possible to stabilize the compound to room temperature 

by introducing a small amount ,of potassium ion into the 

compound. Using some potassium ion instead of ammonium 

25 ion may wel'l change the physical properties of the com- 

pound of the invention so that it is stable at room tem- 

perature. This belief is based on the operation of potas- 

sium ion in ammonium nitrate where the addition of 15% by 

weight potassium nitrate changes the stability range of 

30  AN^^^ from 32' to A ~ O C  to - 15' to 110"~. 

The compound of the invention has been shown to be an 

explosive material by the impact. sensitivity test des- 

cribed in Example 4 helow. It is expected that the com- 

pound of the invention can be used in conventional ex- 

35 plosive applications by using conventional explosive 



techniques. However, as is well known in the art of ex- 

plosives, no explosive material should be put into routine 

use until sufficient safety tests are done on the materi- 

al; and neither this compound nor eutectic mixtures of AN 

5 and DETN have been fully evaluated. 

The fine-grained eutectic composition formed when the 

n : .. . compound of the invention dissociates at temperatures be- 

1 low 4p0c is a useful explosive material and will be a 

finer:.grained eutectic mixture of AN and DETN than can be' 

10 obtained by any other known method. 

EXAMPLES 

In the following examples,.' AN and DETN were mixed to- 

gether in various molar proportions. The AN was obtained 

from Mallinkrodt Company, and its stated purity was great- 

15 er than 99.5%. 

The DETN was prepared as follows: 50 ml of diethylene 

triamine (Eastman Kodak Company t4573) was mixed with 30 ml 

deionized water in a 3 liter flask equipped with a stirr- 

er, thermometer, and dropping funnel. While cooling with 

20 an ice bath to keep the mixture at ambient temperature, 

87.46 ml of 70% nitric acid was added. Methanol was then 

added dropwise (200-400 ml) to precipitate DETN. The 

white solid was collected by filtration, washed with meth- 
anol, and then dried. The chemical composition of DETN 

25 was determined by elemental analysis. 

EXAMP1,E 1 

In this example, a 29:71 molar mixture of DETN:AN was 

prepared on a microscope slide; and the temperature was 

raised gradually. At about 1 0 7 ~ ~ .  the mix melted; and 
30 as the temperature was raised further, long, needle-shaped 

crystals (shown in Fig. 1) were observed to form when the 

temperature was within the range from about 110' to 

about 118'~. This anamolous formation of oryotals from 

the melt was a signal that a new compound may have been 

35 forming. As described below, subsequent tests showed that 

this was indeed the case. 



EXAMPLE 2 

In this example, many runs were made on mixtures of 

known composition in order to establish the phase diagram 

shown in Fiq. 2. The circles are the experimentally de- 

termined liquidus pointswhere ANI was the final crys- 

talline phase. Triangles are 1iquid.u~ points where ANrI 

was the final crystal1ine;phase. Squares are liquidus 

points for the stable form of DETN, ,and diamonds are the 

liquidus Gbints for a leks stabie form of DETN.  his less 

stable form of DETN does'not necessarily seem to be a dis- 

tinct polymorph, but it may' instead be a strained or dis- 

ordered form. that crystallizes from supercooled melts. 

Inverted triangles are the .experimentally determined liq- 

uidus points or incongruent melting points for the com- 

pound. Hexagons are observed eutectic melting points in 

the  compound region. Dashed lines are liquidus 

lines for unstable phases. These dashed lines are only 

obs'ervable because of the slowness at which stable phases 

in this system crystallize from the melt. Therefore, the 

compound is stable and theoretically present to some de- 

gree for all compositions between pure AN and pure DETN at 

temperatures above 4 6 O ~  but below 114O~. The compound 
is also stable in the region between 114'~ and 124% 

where there is an excess of DETN. The compound is also 

stable in the region between 23 and 50 mole % DETN at tem- 

peratures above lldoc, but below the liquidus tempera- 

ture for the particular composition. 

EXAMPLE 3 

In this example, a 50:50 molar mixture of AN:DETN was 

mixed and then melted. When the compound formed from this 

50:50 molar ratio of AN and DETN, there was no evidence 

for an excess of either AN or DETN as a separate phase be- 
tween 46' and 124'~. This fact together with the fact 
that there was no evidence of a change in ionic species 

(lee., there was no significant amount of gas formed, 



there was no change in color, and there was no other evi- 

dence for chemical reaction) and the fact that the com- 

pound of the invention dissociates to form the two start- 

ing materials establishes that the formula of the compound 

5 of the invention is: 

The two starting materials reacted essentially com- 

pletely. at this molar ratio (as determined visually 

through the microscope) to form long, needle-like crystals 

10 at a temperature (122'~) where there was only a small 

amount of crystalline DETN and a large amount of AN/DETN 

molten solution initially. These crystals of the compound 

of the invention were then scraped off the microscope 

slide; there was no need to isolate the crystals from any- 

15 thing because they were the only crystals visible on the 

slide. Their,X-ray diffraction pattern was next measured 

as described below. 
The technique which was used to obtain the X-ray dif- 

fraction pattern of the compound of the invention is dis- 

20 closed in Harold P. Klug et al., X-ray   if fraction Proce- 

dures for Polycrystalline and Amorphous Mate.r.iabs, 2nd . .,2-,>.. 

ed., Wiley and Sons: New York, 1974, pages 175-222; and on 

pages 419-434 of that reference, the method used for in- 

terpretation of the powder diffraction data is given. 

25 i Those por'tions of that reference are hereby incorporated ' 
. I .herein by reference. The Debye-Scherrer method there des- 

cribed was used. A ~ebye-Scherrer X-ray camera obtained 

ftom.Philips electronics Instruments having type no. 

52056/0 was used. The sample was ground and screened in 

30 order to prepare a powder which would pass through a 200- 

mesh screen. The powder was mounted in a qlass capillary 

having internal diameter of 0.3 mm. The tvpe of radiation 

which was used was Cutca ( A  = 1.542 A ) ,  rendered free 



of 8 radiation by transmission through a strip of Ni 
foil. The X-ray film which was used was Eastman KOdak NO 

Screen. 

The X-ray diffraction pattern raw data was used to 

5 measure d spacings in a single step by the use of scales 

constructed to read in d spacings directly (as described 

on pages 431-434 of the Klug reference cited above). The 

X-ray diffraction pattern so obtained is given above in 

Table I. 

10 . It is possible to eliminate the patterns of AN and 

DETN by measuring the' x-ray diffraction pattern under con- 

ditions where these materials cannot be present in crys- 

talline form, and this has been done. A Charles Supper 

Precession camera was modified so that the sample could be 

15 rotated slowly and the camera used as a flat plate powder 

. camera. The sample temperature was controlled with a 

heated stream of flowing N2 gas supplied by a modified 

Enraf ~ o n i u s  "Universal Low Temperature Device for X-Ray 

Diffraction Cameras." The film plane was 40 mm from the 

20 sample axis. Cuka x-rays were again used to obtain 

front reflection data. The diffraction pattern obtained 

for the compound at 1 1 5 O ~  with this apparatus is given 

in Table.1. The sample was initially a 31.5:68.5 molar 

mixture of DETN:AN. This temperature is above the temper- 
25 ature at which the eutectic with AN melts, and the sample 

had an excess of AN'; therefore, the crystalline material 

could only be the 1:l compound. 

Single crystal diffraction patterns also have been ob- 

tained on the compound at room temperature. This experi- 
30 ment is described in more detail in ~xample 5. 

EXAMPLE 4 

In this example, a sample of compound formed from a 

31.5:68.5 molar ratio of DETN:AN was subjected to an im- 

pact test. The impact sensitivity of the compound of the 

35 invention was measured on an RRL model impact machine with 



type 12A and 128 tools by a procedure which is fully des- 

cribed in the "Encyclopedia of Explosives and Related Ma- 

terials," Vol. 7, pages 1-35 through 1-55, PATR 2700, 

1975; and that reference is hereby incorporated herein by 

reference. Two series of tests were run, one in which 

fine sandpaper was placed under the explosive layer and 

another 1n;whdch. no sandpaper was used, the former test 

being referr* as a type 12A test and the latter being 
! 

.I 

.e. ' ' &  

referred to as a'type 12R test. The tests were the so- 

called "Rrucetonn or "up and downn or "stair-casen test 

for obtaining the so-called 50% height (i.e., the height 

of drop foi which one-half of the trials are "gow and one- 

half of the trials are nno-qon). In each of the two ser- 

ies of tests, 25 drops were made, the sample size for each 

individual drop having been 40 mg. For the type 12A im- 

pact sensitivity test (in which a sample was placed in a 

di,mple in the sandpaper and in which a 2 kg falling weight 

was used), the 50% height of the compound of the invention 

was found to be 150 cm. However, for that same height on 

the type 12B test, the test results were wno-gow at a 320 

cm drop. From the results of these tests, one can validly 

conclude .that the sample is a moderately insensitive 

exlplos ive . 
EXAMPLE 5 

In this example, sampies of compound formed from a 

31.5:68.5 molar ratio of DETN:AN were subjected to density 

tests. Sample volumes were obtained by displacement of a 

measured weight of benzene from a known volume pycnom- 

eter. Corrections were applied assuming the ammonium ni- 

trate was polymorph IV. The density of the compound was 

measured, to be greater than 1.53 9/cm3 by this technique. 

In another test, single crystals were prepared for 

x-ray diffraction experiments by separating them from 

31.5t68.5 molar ratio melts at about 120'~. Crystals 



have to be separated from excess melt at the growing tern- 

perature, but they can then be cooled and studied at room 

temperature. Conventional x-ray diffraction photoqraphs 

were obtained with a Buerger precession camera to deter- 

5' mine the following crystallographic properties for the 

compound : 

Space group: - P21/c 
Lattice parameters: a . =  10.48 A - 

~ensity (assuming 4 molecules/cell) p = 
3 1.61 g/cm. . 

This X-ray density is believed to be the true densit,y 

15 for the compound because it is not subject to the experi- 

mental errors associated with the displacement density. 

~ l l  crystals.separated from the melt were twins which were 

tw,inned on the 011 plane. 

  he foregoing description of preferred embodiments of 

20 the invention has been presented for purposes of illustra- 

tion and description. It is not intended to be exhaustive 

or to limit the invention to the precise form disclosed, 
and obviously many modifications and variations are possi- 

ble in light-of the above teaching. 

25 The embodiments were chosen and described in order to 
best explain the principles of the invention and its prac- 

tical application to thereby enable others skilled in the 

art to best utilize the invention in various embodiments 

and with various modifications as are suited to the par- 

30 ticular use contemplated. It is intended that the scope 

of the invention be defined by the claims appended 

hereto. 



ABSTRACT OF THE DISCLOSURE 

Applicants have discovered a new composition of matter 

which is an explosive addition'compound of ammonium ni- 

trate (AN) and diethylenetriamine trinitrate (DETN) in a 

5 50:50 molar ratio. The compound is stable over extended 

periods of time only at temperatures higher than 46'~, 

decomposing to a fine-grained eutectic mixture (which is 

also believed to b'e new) of AN and DETN at temperatures 

lower than 46'~~ The compound of the invrnLion has an 
3 10 x-ray density of 1.61 g/cm , explodes to form essential- 

ly only gaseous products, has higher detonation properties 

(i.e., detonation velocity and pressure) than those of any 

mechanical mixture having the same density and composition 

as the compound of the invention, is a quite insensitive 

15 explosive material, can be cast at temperatures attainable 

by high pressure steam, and is prepared from inexpensive 

ingredients. Methods of preparing the compound of the in- 

vention and the fine-grained eutectic composition of the 

invention are given. 
1 
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