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Abstract 
 

ADN (ammonium dinitramide) is seen as possible replacement oxidizer for ammonium 

perchlorate in rocket propellant formulations. The advantage of ADN is beside its good 

oxygen balance no content of chlorine and to give signature reduced plume of smoke of 

the rocket motor. The disadvantage of ADN is twofold: its lower intrinsic thermal stability 

compared to ammonium perchlorate together with autocatalytic decomposition and its 

high reactivity already at ambient temperatures with some standard ingredients of rocket 

propellants. The stability of ADN can be sufficiently improved by addition of stabilizers, 

which suppress the autocatalytic decomposition. But the high reactivity of ADN causes in 

part severe compatibility problems and the achievement of acceptable use times of ADN 

containing formulations is questioned therefore. The solution for this is a careful selection 

of ingredients based on compatibility determination. ADN is still a not well-known sub-

stance with respect to its compatibility. Its reactivity as function of temperature and time 

should be determined therefore with several measurement methods which probe the test 

mixture in different ways. Reactivity means the excess reaction induced by the two com-

ponents in contact over the sum of the reaction parts of the two components alone. This 

excess reaction is expressed as excess conversion, for which limit values have to be de-

fined. The used measurement methods are mass loss, gas generation and heat generation. 

They probe the substances by split off reaction gases and by the net sum of the heats of 

reactions. Mass loss is complementary to gas generation but it has a principal advantage 

over gas generation in getting the excess conversion. On the compatibility of ADN with 

HMX, RDX, FOX 7, GAP diol, HTPB, DOA, nitrocellulose (NC), polyGlyn and polyNimmo is 

reported. 
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1. Introduction 
 

Ammonium dinitramide (ADN) is a possible oxidizer for rocket propellant formulations. Its 

advantage bases on the reduced signature of the rocket exhaust plume and possible 

higher specific impulses. Table 1 lists some properties of ADN in comparison of the com-

mon oxidizers ammonium nitrate (AN) and ammonium perchlorate (AP). The data of hy-

drazinium nitroformate (HNF) are given also. ADN decomposes autocatalytically and must 
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be stabilized for application in formulations. In a previous work at ICT, stabilizers have 

been found which stabilizes ADN in such a way that only the not preventable intrinsic de-

composition of ADN is active /1/. This is shown in Fig. 1. The autocatalytic increase of mass 

loss is suppressed by added substances Si. With some of them ADN shows only a linear in-

crease in mass loss over longer times corresponding to a reaction of zero order. After con-

sumption of the stabilizing ability mass loss increases again. 

 

Table 1: Performance data of the oxidizers ADN, AP, AN and HNF. The values of the 

heats of explosion and gas volumes have been calculated by the ICT-

Thermodynamic-Code. The other data are from the ICT-Thermochemical 

Data Base. 
 

Sub-

stance 

molar 

mass 

O2-

bal-

ance 

enthalpy of forma-

tion ∆Hf
0   

+] 

QEX,  

liquid 

water *) 

density 

gas vol-

ume  

*] 

TM

 g/mol % kJ/mol J/g J/g g/cm3 cm3/g °C 

ADN 124.056 + 25.8  − 149.8  − 1207.5 3337 1.81 592 92.9 

AP 117.489 + 34.0 − 295.8 − 2517.7 1972 1.95 533 130; D 

AN 80.043  + 20.0 − 365.6 − 4567.5 2479 1.73 459 169.9 

HNF 183.081 + 13.1 − 76.9  − 420.0 5579 1.91 568 124; D 

*)  QEX value with water as liquid at 20°C 

*]  gas volume from thermodynamically controlled combustion, at 25°C without water 

+]  FOI value for ADN ∆Hf
0 = -162.8 kJ/mol (-1312 J/g), QEX(wg) 2562 J/g, QEX(wl) 3232 J/g. 

 D means decomposition; temperature varies with the sensitivity of the observation. 
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Fig. 1: Mass loss at 80°C of ADN-ICT-1998 alone and with added substances. The stabilizing 

effect is achieved with all additives. The lower the mass loss in the region up to 60 

to 70 days the better the stabilizing effect. 

 

ADN is an aggressive oxidizer and compatibility problems are expected. To investigate the 

compatibility or reactivity of a not already well-known substance, several measurement 
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quantities should be used, if measurement methods are taken which probe the sample in 

a summarizing way as do mass loss, gas generation and heat generation. The best way 

would be to follow analytically by ion chromatography the dinitramide consumption in 

order to determine the conversion during a given temperature-time load. This is an ex-

pensive way of investigation and here the summarizing methods are used first to screen 

the compatibility behaviour. Further one should determine the reactivity at different 

temperatures to be sure that no reaction mechanistic change makes any problems in the 

temperature range at use. But this aspect is postponed also in this screening of the ADN 

compatibility and only one temperature was applied. 

 

 

2. Substances and measurement methods 
 
ADN was obtained from NEXPLO Bofors AB, Karlskoga, Sweden. The following data have 

been determined: 
 

ADN content (dinitramide)  98.0 mass-% 

water content   < 0.02 mass-% 

melting point (DSC)   92.4°C 

mass density    1.806 g/cm3  

impact sensitivity   4.0 Nm 

friction sensitivity   54 N 

autoignition temperature  167°C, at 5°C/min heat rate 

gas generation 80°C, 40h, 2.5g 0.17 ml/g 

 

The autoignition temperature was determined in a Wood metal bath apparature to 167°C 

with 0.2g sample amount at 5°C/min heat rate. The vacuum stability test (VST) determines 

the amount of evolved gas by a manometric apparature at initial vacuum. The standard-

ized apparatus with the mercury manometer was used. The obtained normalized gas evo-

lutions (0°C, 1atm) are listed below. 
 

 sample amount 2.5 g 

 test time  40 h 

      gas evol.  limit value

 temperature  75°C  0.10 ml/g  0.15 ml/g (deduced) 

    80°C  0.17 ml/g  0.30 ml/g (deduced) 

    90°C  n.d.   1.20 ml/g 

 

The limit values for this test are defined in terms of delivery conditions for 90°C and 100°C 

only. At these temperatures the ADN is already molten or is near its melting point. So 

lower temperatures have to be taken in order to be representative for the solid state ADN 

used in formulations in a temperature range up to 71°C (NATO-STANAG 2895 high tem-

perature limit). The VST limit value at 90°C is ≤ 1.2 ml/g. The recalculation of the experi-

mental value of 0.17 ml/g at 80°C with a factor 4 at 10°C temperature change gives a solid 

state representative gas generation of 0.68 ml/g for ADN at 90°C. This is below the limit 

value at 90°C. For comparison in the above compilation of results the deduced limit values 

(from 90°C value) are given for 75°C and 80°C. 

 

Three measurement methods have been applied: 

• heat generation rate dQ/dt (HGR) (heat flow) determined by microcalorimeter 

TAMTM of type 2 (four channel version), made by Thermometric AB, Sweden; with a 

water bath, equipped with nanoWatt amplifiers; sample amounts between 1.5g 

and 2g, measurements under argon and air, as indicated. This method determines 

the rate of the net sum of the heats of reaction from all ongoing reactions. 
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• mass loss (ML) by storing the samples in loosely stoppered glass vials placed in alu-

minium block oven with PID controlled temperature and remote weighing at inter-

vals adapted to the substance decomposition rate; two samples in parallel, sample 

amount 1g to 2g each. This method determines the net mass loss produced from all 

ongoing reactions. 

• gas generation (GG) determined with the standard vacuum stability test appara-

ture at 80°C over 7 days with 1.25g + 1.25g sample amounts, two samples in paral-

lel. This method determines the gas generation (permanent gases) produced from 

all ongoing reactions. 
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Fig. 2:  Mass loss as function of time and temperature of ADN NEXPLO. 
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Fig. 3:  Heat generation rate dQ/dt and heat generation Q of ADN NEXPLO at 80°C. 

Measurements in air and in argon with a TAMTM microcalorimeter. 
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The Fig. 2 shows the mass loss of ADN at 75°C, 80°C and 85°C and Fig. 3 the heat genera-

tion rate and heat generation at 80°C, measured with a TAMTM microcalorimeter in glass 

ampoules under air and argon. The values are good, see for comparison /1/. The compo-

nents taken for the compatibility determinations have been those from the ICT stock pile 

and were used without further purification and treatment. In their state used here they 

would have been used directly for formulation work. Always 1:1 mixtures by mass of ADN 

with the components have been used. 

 

 

3 Methods to determine compatibility or reactivity 
 
A chemical reaction between two components is recognizable by its effects, namely for-

mation of reaction products, reaction heat and consumption of reaction educts, Eq.(1). 

 

(1) A + B  ⎯⎯→  gases  +  liquids  +  solids   +   reaction heat 
 

Ideally compatible components will not create any reaction between themselves when 

brought into contact, but this is not often the case. To the already existing decomposition 

reactions of the components alone additional decomposition ways generally for both 

components are created. Educt A forms PA, educt B forms PB and A+B form P and each of 

them open additional reactions with A and B each. An additional chemical conversion is 

created with regard to the chemical conversions of the components alone. Several meth-

ods can be used to determine the additional chemical conversion: 

  •  gas generation 

  •  mass loss 

  •  heat generation (obtained by integration of heat generation rate) 

  •  analysis of educts and products as function of time 

 

With adiabatic self heating a correlation was found between self heating, gas generation 

and substance conversion of ADN /2/. For assessing compatibility or reactivity the best is to 

use a procedure based on the excess chemical conversion. The excess reaction part or the 

excess conversion is best obtained by the difference of measured quantities P. That means 

the values of the single components are subtracted from the value of the mixture. This is 

analogous to the thermodynamic description of mixtures with excess quantities. The here 

used reactivity functions RP(t,T) are defined as the difference of measured quantities P, 

Eq.(2), which are scaled with the substance amounts of the mixture and taken as absolute 

or reference value normalized quantities. With 1:1 mixtures by mass one has MGi / MG = 0.5. 

Eq.(3) shows the fully normalized reactivity expression RPr(t,T), which is a conversion quan-

tity and correctly RPr(t,T) is named excess conversion function. 
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Meaning of symbols in Eq.(2) and Eq.(3): 

RP reactivity function or excess reaction function, determined with measurement  

quantity P 

RPr normalized reactivity function or excess conversion function, determined with 

measurement quantity P and the corresponding reference values Pi,ref
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  MG mass of the mixture at t=0 

  MG1 mass of component 1 in mixture at t=0 

  MG2 mass of component 2 in mixture at t=0 

  PG measurement quantity P of mixture 

  P1 measurement quantity P of component 1, with sample mass M1 at t=0 

  P2 measurement quantity P of component 2, with sample mass M2 at t=0 

  PG,ref reference value of measurement quantity P of mixture, amount normalized 

  P1,ref reference value of measurement quantity P of component 1, amount normalized 

  P2,ref reference value of measurement quantity P of component 2, amount normalized 

 

To investigate not well known substances, one must use several measurement methods to 

determine compatibility in order to get a high enough reliability for the assessment, if 

one uses so-named summarizing measurement methods as mass loss, heat generation and 

gas generation. In the mixture of components we have ongoing decomposition reactions 

of the components and between the components with changing reaction intensity and 

possible changes in decomposition mechanisms with temperature. Therefore single meas-

urement values often are not enough to assess compatibility, especially with unknown 

substances. A fairly reliable way is to use two methods which probe the samples in a dif-

ferent way, means for example with gas generation and heat generation. Three conven-

ient measurement quantities P can be used isothermally: 

  •  mass loss ML (ML(t,T) = 1–M(t,T)/M(0)) 

  •  gas generation GG 

  •  heat generation (HG) Q.  

Mass loss is complementary to gas generation, but because of the normalization advan-

tage the mass loss is a very convenient measurement quantity. 
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With mass loss, one has immediately the formulation as excess conversion function or 

normalized reactivity function, Eq.(4). With gas generation GG and heat generation Q 

mostly one uses the excess reaction functions, Eq.(5) and Eq.(6). In these equations GGi(t,T) 

and Qi(t,T) are already initial mass normalized. With their normalization the excess con-

version functions are obtained, Eq.(7) and Eq.(8), respectively. To find the appropriate val-

ues for the normalization constants Pi,ref is not an easy task. The heat of explosion QEX and 

the gas volume VEX after combustion in a ballistic bomb are taken often, but they are from 

view of reaction kinetics not the correct data. The quantities Pi(te,T), standing for GGi(te,T 

and Qi(te,T), are the reference quantities, which do not change in value beyond the time 

te, but this at the measurement or test temperature T. With gas generation and heat gen-

eration one has to measure up to such an end time te(T) to get the corresponding nor-

malization factor, which is from reaction kinetic view the correct one. Very strictly seen, 

also thereby an error is possible, because the assessment data are gained only in the initial 

range of conversion. The decomposition reactions may sum up in another ratio than at 

the end range of conversion. 
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There is another procedure described in the literature /3,4,5/ to quantify the incompatibil-

ity. However, the criteria have been developed for nitric acid ester formulations, especially 

for NC-based gun propellants in contact with non-energetic materials, mostly polymers 

/4,5/. The quantity P used was the heat generation, measured at 85°C over 168h = 7 days. 

The authors have taken the ratio of the data of the mixture to the sum of the data of the 

two components. This ratio procedure defines the quotient DP as a measure of compatibil-

ity, Eq.(9), with the quantities used already above. In Eq.(10) the fully normalized expres-

sion is given, only conversion quantities are used. Eq.(11) shows the expression of Eq.(9) 

for 1:1 mixtures by mass. Evidently this procedure is usable not only with heat generation.  
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Principally both methods, excess conversion function RPr and conversion ratio DPr, should 

come to the same assessment result. At a first glance the advantage of the ratio DP seems 

to be that no limit criteria from case to case must be found. If real conversion numbers are 

used the criteria should be independent from the measurement method P. In practice it 

was encountered that the criteria of the ratio method are not always decisive. The rela-

tion between DP and RP is shown with Eq.(12) for 1:1 mixtures by mass. From there it be-

comes clear that the DP is not directly assigned to the excess conversion or excess reaction 

extent. The ratio quantity DP is not used here therefore.  
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The general criteria according to /3/ using heat generation (P=Q) are with Eq.(11): 

         DQ > 3     incompatible 

   2 ≤ DQ ≤ 3     assessment with other methods necessary 
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According to /3/ these criteria have been developed by heat generation values obtained at 

85°C over 7 days, validated for nitric acid ester based propellants in contact with non-

energetic materials. With these criteria one can assess only incompatibility. The method in 

this form allows not to state compatibility. Sometimes the method is called therefore 

‘relative incompatibility’. 

 

In /5/ the following criteria are given for DQ and RQ, established with the same sample ma-

terial and test substances as for the assessment in /3/: 

DQ [-] RQ [J/g] assessment 

> 2 > 40 incompatible 

1 ≤ DQ ≤ 2 30 ≤ RQ ≤ 40 assessment with other methods necessary 

< 1 < 30 compatible 

 

In /6/ another set was used to assess the reactivity between NTO and RDX based on TGA 

mass loss data: 
 

         DP > 2     incompatible 

         DP < 0.5     incompatible, but assessment with other methods may be necessary 

0.5 ≤ DP ≤ 2     assessment unreliable, assessment with other methods necessary 

         DP = 1     may be compatible (indifferent behaviour) 

 

 

4. Assessment criteria for reactivities RP

 

For the assessment of compatibility or reactivity but also for stability, one must fix three 

conditions with ‘single point’ measurements: 

•  test temperature 

•  test time 

•  limit value of the excess conversion at test temperature and test time  

for stability:  limit value for conversion at test temperature and test time 

 

To get the data in an effective time period suitable temperature-time data for the tests 

must be chosen, which represent a sufficient use time at ambient temperatures. The com-

pilation in Table 2 shows such data extrapolated from some temperature-time data used 

in stability and compatibility tests. Eq.(13) was used to obtain the corresponding times tE 

at 25°C from test time tT and test temperature TT. 
 

(13)  d365/F]d[t]a[t FET T/)TT(
TE

∆−⋅=
tE time in years at temperature TE, here 25°C 

tT test time in days at test temperature TT

F acceleration or deceleration factor per 10°C change, here 3  

TT test temperature in °C 

TE environmental temperature in °C 

∆TF temperature interval for actual value of factor F, here 10°C 

 

The measurements and their evaluation to get the data for the excess conversion must be 

used together with assessment criteria. To assess mixtures of not well known components 

some general validity for the limit values must be found. Based on the upper limit value 

from the reactivity test done with gas generation at 100°C, 40h, namely 1.0 ml/g (5 ml per 

2.5g+2.5g) (lower limit value is 0.6 ml/g), the limit values for the other measurement 

methods are deduced. With this limit value of excess gas generation 0.25% excess conver-

sion is assigned using the reference value of 400 ml/g for the mixture in test, means it is 
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able to produce in average 400 ml gas per gram of mass at total decomposition. Because 

of possible ‘negatively directed’ interactions between the components the limits for RGG 

are defined as -1.0 ml/g ≤ RGG ≤ +1.0 ml/g. The same holds for all other limit values. With 

the above gas evolution limit at 100°C and 40h (=1.667d) we obtain the ML reactivity cri-

terion at 90°C, 18d to be ± 0.9% excess conversion: ± 0.25% x 18d / (3 x 1.667d) = ± 0.9%. 

If we go now to 80°C and maintain the same degree of excess conversion we could extent 

the time by a factor of 3. But if measurements not longer than 10 days at 80°C are 

needed, the limit of ± 0.9% is divided by a factor of 3 x 1.8 = 5.4 and the limit excess con-

version of ± 0.17% at 80°C, 10d is obtained for RML. 

 

Table 2: Extrapolated times in years at 25°C from some temperature-time data used 

in stability and compatibility tests. 
 

Temperature, time 

Extrapolated time in years 

at 25°C with factor 3 per 

10°C temperature change  

100°C,    40h 17.3 

90°C,    18d 62.3 

90°C,     3d 10.4 

90°C,    10d 34.6 

80°C,    10d 11.5 

80°C,    7d 8.1 

75°C,    15d 9.99 

65°C,    7d 1.55 

65°C,    50d 11.1 

 

Table 3: Limit values for the three reactivity quantities RP. The allowed range for RP is 

from minus to plus: low limit ≤ RP ≤ high limit. The master limit values are 

given in the first line for every method. The deduced limit values are ob-

tained with factor 3 per 10°C temperature change. 
 

 RP

limits for assessment of 

excess conversion 
reference value PG,ref

ML RML    [%] 

  ± 0.9 % at 90°C, 18d 
 

  ± 0.17 % at 80°C, 10d 

  ± 0.25 % at 100°C, 40h 

Initial mass MG(0). 

Base is 0.25% at 100°C, 40h. 

GG RGG [ml/g] 
  ± 1 ml/g at 100°C, 40h 
 

  ± 0.67 ml/g at 80°C, 10d 

Base is 0.25% of 400 ml/g at 

100°C, 40h. 400 ml/g is the 

average final mixture gas 

generation value GGG(te,T). 

HG (Q) RQ     [J/g] 

  ± 9 J/g at 80°C, 10d 
 

  ± 9 J/g at 90°C, 3.33d 

  ± 48.6 J/g at 90°C, 18d 

  ±13.5 J/g at 100°C, 40h 

Base is 0.25% of 3600 J/g at 

80°C, 10d. 3600 J/g is the 

average final mixture hea

generation value Q

t 

G(te,T). 

 

To find the right reference value with heat generation is the same problem as with gas 

generation. The question is what is the total heat generated when all the component mix-

ture has reacted to the state where no further heat is generated, and this has to be 

achieved at the chosen test temperature. Additionally the ongoing reactions should be 
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the same along the complete reaction coordinate or conversion. Experimentally this is al-

most never achievable, therefore only assumptions are possible, which clearly depend on 

the nature of the components, see also Eq.(3) and Eq.(8). In average 3600 J/g are taken 

here as total heat output of the mixture in test. To be consistent, the same part of excess 

conversion is taken as with gas generation, namely ± 0.25%, and the limit value is ± 9 J/g. 

This value is at first independent from test temperature and time, it is just the allowed 

excess conversion expressed in excess heat generation. At 80°C and 10d test conditions the 

extrapolated time at 25°C is 11.5 years with factor 3 per 10°C temperature change. If this 

time period is sufficient as use time, then this limit of ± 9 J/g is assigned to these test con-

ditions and all other limits at other temperature-time data are deduced from this master 

limit. By this assignment a somewhat less stringent criteria is chosen with heat generation 

compared to mass loss and gas generation. With the assignment of 0.25% of 3600J/g to 

100°C and 40h the limit value of 6 J/g is obtained at 80°C and 10d. In Table 3 the master 

limit values of reactivity for the three measurement methods and deduced limit values are 

compiled. The final choice of assessment criteria used with ADN is listed in Table 4. 

 

Table 4: Used limit values for the three reactivity quantities RP to assess ADN com-

patibility at 80°C and at the given measurement times. The range is from 

minus to plus of the given values. 
 

quantity P 

determined  

at 80°C 

RP

40h 

=1.667d 
5d 7d 8d 10d 

ML  RML     [%] 0.028 0.085 0.12 0.14 0.17 

GG  RGG  [ml/g] 0.11 0.33 0.46 0.53 0.66 

HG (Q)  RQ      [J/g] 1.5 4.5 6.3 7.2 9.0 
 

   Reference bases for limits in Table 4: 

   Mass loss: the reference value is immediately obtainable as the mass value at 

0% conversion. Reference based on 0.25% conversion at 100°C, 40h. 

   Gas generation: reference value is strictly seen the reaction kinetic end value at 100% 

conversion. Reference based on 0.25% of 400 ml/g at 100°C, 40h. 

   Heat generation: reference value is strictly seen the reaction kinetic end value at 100% 

conversion. Reference based on 0.25% of 3600 J/g at 80°C, 10d. 

 

Table 5: Limit values LP for the three measurement methods ML, GG and HG (Q) to 

determine the stability of a component or formulation. The master limit val-

ues are given in the first line for every method. The deduced limit values are 

obtained with factor 3 per 10°C temperature change. 
 

 LP limits for assessment of stability reference value Pref

ML LML    [%] 
  ≤ 3% at 90°C, 18d 
 

  ≤ 0.56% at 80°C, 10d 

Initial mass M(0). 

Base is 3% at 90°C, 18d 

GG LGG [ml/g] 

  ≤ 2 ml/g at 100°C, 40h 
 

  ≤ 7.2 ml/g at 90°C, 18d 

  ≤ 1.33 ml/g at 80°C, 10d 

Base is 0.25% of 800 ml/g at 

100°C, 40h. 800 ml/g is the 

average final substance gas 

generation value GG(te,T). 

HG (Q) LQ     [J/g] 

  ≤ 105 J/g at 90°C, 18d  
 

  ≤ 19.4 J/g at 80°C, 10d 

  ≤ 29.2 J/g at 100°C, 40h 

Base is 3% of 3500 J/g at 

90°C, 18d. 3500 J/g is the av-

erage final substance heat 

generation value Q(te,T). 
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For completion, the limit values LP to determine the stability of a component or formula-

tion are listed in Table 5 for the three measurement methods ML, GG and HG (Q). Again 

in the first line the master limit value is given and below this some deduced limit values, 

whereby the factor 3 per 10°C temperature change was taken. The master limit value for 

mass loss was taken from the testing of NC-based gun and rocket propellants with the ML 

stability criterion at 90°C, 18d to be ≤ 3% of conversion, means measured mass loss.  

 

 

5 Compatibility results 
 

5.1 Determination with mass loss 
 

The Figures 4, 5 and 6 show the mass loss data of the compatibility determination of ADN 

with HMX, RDX and FOX 7 up to 30 days together with the reactivity functions RML. With 

all three components there is nearly no reactivity in the time period up to 10 days. The 

measurements were extended up to nearly 80 days and in Fig. 7 and Fig. 8 these data can 

be seen. Fig. 9 compares the three reactivity functions up to 80 days and in Fig. 10 these 

functions are given for the range up to 30 days. ADN alone starts to melt at about 32 days 

and has melted at 38 days. Melting accelerates its decomposition. In mixture with HMX 

and RDX no real melting was observed. In mixture with FOX 7 at about 32 to 35 days a 

foaming of the sample was recognized. These different behaviours between the two ni-

tramines and FOX 7 can be correlated with the values of RML and the sign of the reactivity 

functions. With FOX 7 the sign is positive and the conclusion is ADN in contact with FOX 7 

will be more decomposed than alone. With HMX and RDX the sign of RML is negative 

which means ADN in contact with HMX or RDX will be less decomposed than alone. With 

FOX 7 a contribution to the reactivity by decomposing FOX 7 seems probable. 
 

reactivity function RML(t) and mas loss of ADN with HMX
80°C
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Fig. 4:  Mass loss data of ADN, HMX and ADN-HMX-mixture (1:1 by mass) and the 

reactivity function RML of ADN-HMX at 80°C. 
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reactivity function RML(t) and mas loss of ADN with RDX
80°C
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Fig. 5:  Mass loss data of ADN, RDX and ADN-RDX-mixture (1:1 by mass) and the 

reactivity function RML of ADN-RDX at 80°C. 

 

reactivity function RML(t) and mass loss of ADN with FOX 7
80°C
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Fig. 6:  Mass loss data of ADN, FOX 7 and ADN-FOX 7-mixture (1:1 by mass) and the 

reactivity function RML of ADN-FOX 7 at 80°C. 
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ADN + HMX (1:1)
80°C
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Fig. 7:  Mass loss data of ADN, HMX and ADN-HMX-mixture (1:1 by mass) and the 

reactivity function RML of ADN-HMX at 80°C up to about 80 days. 

 

ADN + FOX 7 (1:1)
80°C
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Fig. 8:  Mass loss data of ADN, FOX 7 and ADN-FOX 7-mixture (1:1 by mass) and the 

reactivity function RML of ADN-FOX 7 at 80°C up to about 80 days. 
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reactivity functions RML at 80°C
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Fig. 9:  Comparison of the reactivity functions RML of ADN-HMX, ADN-RDX and 

ADN-FOX 7 at 80°C up to about 80 days. 
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Fig. 10:  Comparison of the reactivity functions RML of ADN-HMX, ADN-RDX and 

ADN-FOX 7 at 80°C up to 30 days. 

 

 

5.2 Determination with gas generation 
 

The gas generation was determined with the standard configuration of the vacuum stabil-

ity test. The results are presented in the Figures 11, 12 and 13 for ADN-GAP diol (uncured), 

ADN-HTPB R45M (uncured) and ADN-DOA (dioctyl adipate). All three substances show 

small reactivity values with ADN. The data have been determined only up to 7 days. But 

the values are so small, that one can predict compatibility also up to 10 days by extrapola-

tion. 
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compatibility of ADN with binder GAP Diol
80°C
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Fig. 11:  Gas generation data of ADN, GAP diol and ADN-GAP diol mixture (1:1 by 

mass) and the reactivity function RGG of ADN-GAP diol mixture at 80°C. 
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Fig. 12:  Gas generation data of ADN, HTPB R45M and ADN-HTPB R45M mixture (1:1 

by mass) and the reactivity function RGG of ADN-HTPB R45M mixture at 80°C. 
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compatibility of ADN with plasticizer DOA
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Fig. 13:  Gas generation data of ADN, DOA (dioctyl adipate) and ADN-DOA mixture 

(1:1 by mass)  and the reactivity function RGG of ADN-DOA mixture at 80°C. 

 

 

5.3 Determination with heat generation 
 

The Figures 14, 15, 16 and 17 show heat generation data and reactivity functions obtained 

therewith for GAP diol, HTPB R45M and HMX. With HMX two evaluations have been 

made, which differ in the heat generation data of ADN. But in every case the values of RQ 

are so small that all three substances can be assessed compatible with ADN. The problem 

presented with Fig. 16 and Fig. 17 is that ADN seems to change its decomposition behav-

iour or better to say its heat generation rate in relatively short time periods of storage, 

here about 6 month. This may be attributed to change in water content. For further com-

patibility testing with heat generation the ADN will always be measured actually together 

with the contact mixture. 
 

reactivity function RQ(t) of ADN with GAP diol
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Fig. 14:  Heat generation data of ADN, GAP diol and ADN-GAP diol mixture (1:1 by 

mass) and the reactivity function RQ of ADN-GAP diol mixture at 80°C. 
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reactivity function RQ(t) of ADN with HTPB R45M(1:1)
80°C, Argon
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Fig. 15:  Heat generation data of ADN, HTPB R45M and ADN-HTPB R45M mixture 

(1:1 by mass) and the reactivity function RQ of ADN-HTPB R45M mixture at 

80°C. 

reactivity function RQ(t) of ADN with HMX
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Fig. 16:  Heat generation data of ADN, HMX and ADN-HMX mixture (1:1 by mass) 

and the reactivity function RQ of ADN-HMX mixture at 80°C, ADN measure-

ment 1. 
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reactivity function RQ(t) of ADN with HMX
80°C, air

-1

0

1

2

3

4

5

6

0 1 2 3 4 5 6 7 8 9

time  [d]

Q  [J/g]
RQ [J/g]

ADN-M2

ADN/HMX

RQ / M2

Q  ADN-HMX

RQ  ADN-HMX

Q ADN

 
 

Fig. 17:  Heat generation data of ADN, HMX and ADN-HMX-mixture (1:1 by mass) 

and the reactivity function RQ of ADN-HMX at 80°C, ADN measurement 2. 

 

 

6. Summarized assessment 
 

In Table 6 the compatibility data determined are listed. 

 

Table 6: Compiled compatibility data of ADN in 1:1 mixtures by mass at 80°C. See 

Table 4 for limit values at test times less than 10d. 
 

 Mass loss, air 

RML [%] after 

x d 

Gas generation 

initial vacuum 

RGG [ml/g] after x d 

Heat generation 

air / argon 

 RQ [J/g] after x d 

Total assessment 

Limit values→ 
 

Substance ↓ 

- 0.18 < RML < 

+0.18  at 10d 

- 0.46 < RGG < 

+0.46  at 7d 

- 9 < RQ < +9  

at 10d 

 

HMX + 0.01 at 10d nm 
+2.1 at 8d, air 

(+4.0 at 8d, air) 
compatible 

RDX  - 0.01 at 10d nm nm compatible 

FOX 7  -0.02 at 10d nm nm compatible 

GAP diol  +0.12 at 7d +3.1 at 8d, air compatible 

HTPB R45M  nm + 0.17 at 7d 
-0.26 at 8.5 d, 

argon 
compatible 

DOA  nm +0.09 at 7d nm compatible 

NC  nm not compatible  nm not compatible 

PolyGlyn  nm not compatible 
not comp., argon 

*) 
not compatible 

PolyNimmo  nm not compatible nm not compatible 

*) very high heat generation rate of above 1000 µW/g 

 nm: not measured 
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7. Conclusion 
 

This sample of ADN obtained from NEXPLO Company has good thermal stability. The 

compatibility studies reveal a compatibility problem with components containing nitric 

acid ester groups. This could be a general problem, because these components produce 

nitric acid as decomposition product. If it could not be scavenged effectively nitric acid will 

attack ADN and destroys it by autocatalytic reactions. The results have shown good com-

patibility of ADN with RDX, HMX, FOX 7, with the binders GAP diol and HTPB 45M and 

with the plasticizer DOA (dioctyl adipate). 
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