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AMMONIUM NITRATE CHANGES DURING THERMAL ANALYSIS 

G. Rasuli~, S. Jovanovi~ and Lj. Milanovi& 

PANCEVO CHEMICAL WORKS, PAN(~EVO, YUGOSLAVIA 

A study was made of the difference occurring in ammonium nitrate during investigation 
by DTA and by DSC. The results show that the DTA of ammonium nitrate (p.a.) is ac- 
companied by the cwstal transformation I V - * I I I ~ I I - * I  and melting. During DSC in- 
vestigation of the same ammonium nitrate samples, the salt undergoes the transformations 
IV~  III and IV-, II in parallel; then follow the crystal transformations II1~11--*1 and 
melting. The investigation conditions and the history of the samples do not essentially 
influence the crystal transformations during thermal analysis. 

The crystal transformations of ammonium nitrate have been the subject of exami- 
nation by numerous investigators with different methods and techniques. In the past 
ten years the significance of differential thermal analysis and differential scanning 
calorimetry in the determination of the temperatures and energies of crystal trans- 
formations has been increasing. 

However, during examinations of ammonium nitrate, wi th the application of dif- 
ferent commercial equipment and under different examination conditions, differences 
in behaviour have been observed during DTA relative to those during DSC. 

The intention of this paper was to register and explain the differences occurring 
in ammonium nitrate during its examination by means of DTA and DSC, in one 
laboratory, on the sample and under examination conditions as similar as possible. 

Ammonium nitrate is the most widely used nitrogenous fertilize,. It is applied as 
the nitrogenous component in the majority of mixed and complex fertilizers, and 
accordingly is an important product of the chemical industry. Many negative features 
of this salt are attributed to its crystal transformations, in the temperature interval 
from 20 ~ to 169 ~ . Reliable values of the specific heat of ammonium nitrate, and the 
energies and temperatures of its crystal transformations, are necessary for control 
and optimization of the production process [1, 2]. However, the enthalpy of melting 
has still not been exactly determined, while the processes occurring during its 
cooling and the behaviour of ammonium nitrate in the temperature interval from 25 ~ 
to 85 ~ , which is certainly of the greatest technical significance, have not been exactly 
defined [3]. 

The calorimetrically measured energy of the crystal transformation IV - *  III is 
21.00-21.24 J/g [4, 5], while that determined by means of DSC is 16.7 J/g [6]. 

The temperature of the crystal transformation IV ~ II I ,  determined by means of 
X-ray diffraction, has been reported as 32+10 ~ [7] and 43-51 ~ [8]. On DTA and 
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DSC, the temperature of this transformation was found to be between 31 ~ [9] and 
55 ~ [10-12] .  The DTA and DSC curves show the good accordance of the melting 
temperatures, that is the temperatures of solidification, with the temperatures of the 
crystal transformations I -+ II and II -* III measured by other techniques [13]. 

The greatest differences between the DTA and DSC techniques appear for the 
temperature and energy of the crystal transformation IV -+ II1. DSC examinations 
either register the transformation IV -+ II, or point to transformation of phase IV to 
metastable phase III ,  accompanied by the appearance of exothermic peaks [14]. 

Because of the difference in the results obtained with the thermal method com- 
pared with those of other methods used, special attention has been called to the 
influence of the experimental conditions on the temperatures and energies of crystal 
transformations determined by means of DTA and DSC [15, 16]. 

Experimental 

The examinations were carried out with ammonium nitrate of poa. quality, products 
of the firms Merck, Chemapol, Kemika, Zorka-Sabac and Laphoma. 

The samples contained 0.12-0.30% (by mass) of water, the concentration of which 

was determined by Karl-Fischer titration. 
DTA was carried out on a MOM derivatograph, from ambient temperature up to 

250 ~ with heating rates of 1, 2.5, 5 and 10 deg/min, in a static atmosphere of air, 
in platinium crucibles of different sizes and forms, with covers and without them, 
and in a ceramic crucible. Depending on the size of the crucible, the weight of sample 
ranged from 150 to 1500 mg. 

DSC examinations were carried out on a Perkin-Elmer DSC-1 differential scanning 
calorimeter in the interval from ambient temperature up to 160 ~ at heating rates of 
4 and 8 deg/min, in a dynamic atmosphere of nitrogen and helium. The weight of 
samples was between 11 and 22 mg. 

The derivatograph was calibrated by means of the dehydration of barium chloride 
dihydrate, the crystal transformation of sodium nitrate, the dehydration of magnesium 
sulphate heptahydrate, the dehydration of calcium sulphate dihydrate, the crystal 
transformation and melting of silver nitrate and the melting of tin, while the DSC was 
calibrated by means of the melting of indium and the boiling of benzene. 

The samples for examination, previously ground in an agate mortar, were kept 
before examination in double polyethylene bags and in a desiccator at ambient tern- 
perature and at 5 ~ and 32 ~ 

Results and discussion 

All DTA curves of ammonium nitrate reveal peaks for the transformations IV -+ III ,  
III -+ II, II -+ I, and melting. However, the temperature of the beginnings and the 
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maxima of the transformations do not correspond to the l iterature data determined 

by means of d i la tometry or optical methods. 

The termperatures of the beginning and the maxima of the peaks relating to the 

crystal transformations and ammonium nitrate melting in the various crucibles are 

shown in Table 1. 

As expected, at low heating rates, lower temperatures of beginning of crystal 

t ransformation were obtained, the differences being 2 - 6  ~ for  an increase in heating 

rate from 1 to 10 deg/min. With the increase in mass of the sample, or wi th  the use 

of  a cover at the same mass, we obtained temperatures higher by 1 - 4  ~ However, in 

our opin ion none of the investigation condit ions could cause an increase of 17--24 ~ 

in the temperature of the crystal transformation IV ~ III relative to the values ob- 

tained by other techniques [7]. 

The temperature differences for other crystal transformations and ammonium 

nitrate melt ing are wi th in  the l imits of the measurement errors for the wide range 
of heating rates and sample masses used. Under defini te condit ions, the temperatures 

of the crystal transformations III -* II and II ~ I and melting, obtained by means of 

DTA analysis wi th a derivatograph, correspond to the results obtained wi th other 

techniques. 

The energies of the crystal transformations and of ammonium nitrate melting, 

determined by DTA analysis, are shown in Table 2. 

Comparison of the found energies of the crystal transformations wi th the l i terature 

values reveals that, during DTA analysis in plat inum crucibles, regardless of the heating 
rate, ammonium nitrate undergoes to crystal transformations IV ~ I I1-~ I I - * 1  

melting. The metastable transformation IV -~ III is not  registered as a peak, but 
considering the energy changes, i t  is observed at higher sample weight and higher 
heating rate (10 deg/min). 

DTA gives a reliable value for the energy of the crystal transformation II ~ I, 

which agrees wi th the l i terature values. The energies of the transformations IV ~ III 
and III -* II are influenced by the condit ions of determination, and probably by the 

Table 1 Temperatures of beginning and maximum of crystal transformation peaks and ammonium 
nitrate melting 

Crucible 
Temperature of crystal transformations and ammonium nitrate melting (~ 

IV--* III III ~ II II -~ I melting 
beginn, max beginn, max beginn, max beginn, max 

small platinum 
small platinum 
with cover 
large platinum 
large platinum 
with cover 
platinum plate 
ceramic 

49--52 54--57 83--88 92--96 120--126 128--134 163--168 169--177 
50--53 55--57 84-87 91--95 124--126 128--132 164--166 170--175 

52--54 55--62 86-~9 92--105 124--125 
54--56 57--64 86--90 92--100 124--130 

50--54 63--90 84--12993--138 117--169 
45--50 50--58 84--90 94--103 124--132 

129--143 163--170 170--180 
129--138 165--171 170--179 

150--180 168--219 175--295 
135--143 164--173 175--184 
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mode of sample preparation and its moisture content. The melting energy of ammo- 
nium nitrate found with this technique is higher than the values obtained with other 
methods. The cause of this deviation lies in the process of thermal decomposition of 
ammonium nitrate, which occurs with melting during thermal analysis. 

The DSC curves of the given samples of ammonium nitrate, looked completely 
different. A small, not clearly shaped peak was observed between 26 ~ and 34 ~ only 
for some samples. This corresponded to the crystal transformation IV-+ II1. The 
second very clear peak appears in the temperature interval 43-50 ~ , i.e. practically 
the same interval as for the transformation IV ~ III in the DTA curve. 

The third peak appears at 80-90 ~ with a considerably smaller area than expected; 
this corresponds to the crystal transformation I I I - *  I1. Finally, the fourth, very clear 
peak appears at 123-131 ~ , the temperature interval of the crystal transformation 
II ~ I (Fig. 1). 

E!do III--B-I IV --~" Irl V I ~ I 

100 200 Temperature ,~ 

Fig. 1 Thermal curves of the same sample of ammonium nitrate investigated by DSC and DTA 

The differences observed between the DTA and DSC curves led us to carry out 
preliminary examinations on the influence of the sample size, the crucible type, the 
heating rate, the sensitivity of the instruments, and different inert gas atmospheres. 

However, with only minor exceptions, all the thermal curves showed the same 
changes for ammonium nitrate. 

30 samples of p.a, ammonium nitrate from different products were examined by 
DSC in an attempt to explain the observed phenomenon; the energies of all the regis- 
tered transformations are shown in Table 3. The energies of the crystal transforma- 
tions of ammonium nitrate show that, except in traces, none of the examined samples 
underwent the crystal transformation IV ~ III at 26 -36 ~ 
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Table  3 Energies of crystal transformations of ammonium nitrate, determined on 
differential scanning calorimeter (samples from original packaging) 

Sample Weight, Energy of crystal transformation, J/g Producer 
no. mg 26--34 ~ 43--50 ~ 8 0 - 9 0  ~ 123-131 ~ 

1. 20.40 - - 8.597 49.045 
2. 19.31 - - 9.082 5 1 . 0 8 7  

3. 21,27 - 1.113 7.256 23.581 
4. 14.07 1.184 17.139 4.799 54.065 
5. 20.90 - 2 1 . 6 4 9  5 . 3 7 0  - 

6. 14.62 - 23.451 2.699 56.919 1 - 1 8  
7. 14.24 - 22.538 - 61.455 Merck 
8. 14.76 -- 19.961 3.565 57.033 
9. 16.35 - 20.756 1.073 55,133 

10. 14.81 -- 21,966 -- 54.768 
11. 13.82 - 21.324 1.269 57.942 
1 2. 12.58 -- 21.681 1.394 56.957 
13. 13,29 -- 21.767 - 56.726 
14. 16.51 -- 21.245 0.744 54.971 
15. 16.02 -- 18.993 3.832 54.911 
16. 14.77 - 20.982 2.374 64.273 
17. 13.97 -- 20,836 1.255 61.442 
18. 18.25 - 21.045 1.0922 56.649 
19. 17.33 - 2.277 14.775 66.234 12--21 
20. 14.76 0.832 13.961 9.565 62.142 Kemika 
21. 17.48 0.702 16.755 9.632 58.693 
22. 15.96 -- 6.483 12.692 56.536 22--24 
23. 17.24 -- 16.836 10.579 58.187 Zorka 
24. 14.81 -- 22.973 5.980 64.123 
25. 11.82 -- 23.294 2.226 59.497 25--27 
26. 12.00 -- 22.289 0.950 56.271 Laphoma 
27. 11.50 -- 18.980 2.287 57.168 
28. 14.25 -- 21.357 3.693 65.487 28--30 
29. 13.88 -- 23.062 1.896 -- Chemapol 
30, 12.84 -- 21.437 -- 60.2116 

The  crysta l  t r a n s f o r m a t i o n  at 4 3 - 5 0  ~ cou ld  be e i the r  IV -+ III o r  IV -~ II [12 ] .  

The  energy  o f  t r a n s f o r m a t i o n  t ha t  we de te rm ined  in th is in terva l  is nearer  to  the  

energy  o f  the  t r a n s f o r m a t i o n  IV -+ II, b u t  the  t w o  t r a n s f o r m a t i o n s  have f a i r l y  s imi lar  

energies. 

In all curves, the  t r a n s f o r m a t i o n  I I 1 - *  II is c lear ly  expressed by  a small  peak  at 

8 0 - - 9 0  ~ . Howeve r ,  the  energy  o f  th is  crysta l  t r a n s f o r m a t i o n  was by  f o u r  t imes smal ler  

t han  the  l i t e ra tu re  value. Th is  suggested t ha t  o n l y  1 / 4  o f  the  sample o f  a m m o n i u m  

n i t ra te  u n d e r w e n t  the  t r a n s f o r m a t i o n  II I  -+ I1. 

T h e  crys ta l  t r a n s f o r m a t i o n  II -+ I at  1 2 3 - 1 3 1  ~ is accompan ied  by  an energy change 

o f  5 6 , 9 4 7 + 7 . 5 2 8  J /g.  Th is  resul t  is in good  accordance  w i t h  l i t e ra tu re  da ta  [11 ] .  

On the basis o f  these results we can assert w i t h  resonable  c o n f i d e n c e  t h a t  p.a. 

a m m o n i u m  n i t ra te  w i t h  a wa te r  c o n t e n t  o f  0 .12 - -0 .30% (by  mass) undergoes the 
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transformations IV - *  III and I V - * I I  at the same time during DSC examination; 
the latter is the faster, and the contr ibut ion of modification II of ammonium nitrate 

is three times larger than that of modification III at 50 ~ This is followed by the 
crystal transformation III -* II at 80 -90  ~ and by II -* I at 123--131 ~ for the entire 

sample. 
The grinding of samples in a laboratory mortar immediately before determination 

of the crystal transformations of ammonium nitrate by DSC might influence the 
crystal transformation IV -* III or IV --* I1. Accordingly, examinations were carried out 
on samples kept for 14 days at + 5 ~ or + 30 ~ after grinding. The results showed that 
the thermal history of the samples did not have an essential influence on the energies 
of the crystal transformations. The averages of 10 determinations of the energies of 
the crystal transformations are given in Table 4. 

Table 4 Average values of energies of crystal transformations of 
ammonium nitrate kept for 14 days at different tem- 
peratu res 

Temperature, ~ Crystal transformations, J/g 
37-45 ~ 77--82 ~ 122-123 ~ 

+ 5 20.08 1.71 49.38 
+ 30 20.06 1.86 48.41 

These results show that the energies of the crystal transformations IV -~ II and 
II -* I are lower than the energies of the same transformations of samples prepared for 
examination by grinding immediately before investigation. 

Conclusions 

Studies of the changes in ammonium nitrate by means of thermal analysis show 
that: 

1. During differential thermal analysis, ammonium nitrate undergoes the crystal 

tranformations IV -* III -~ II -* I -+ melting. 
2. During differential scanning calorimetry, the crystal transformations I V - * I I - *  
I -* melting occur. 
3. The investigation conditions and the history of the samples do not have an 

essential influence on the crystal transformations of ammonium nitrate. 

J. Thermal Anal. 30 1985 
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Zusammenfassung - Bei DTA und DSC yon Ammoniumnitrat  zu beobachtende Unterschiede 
wurden untersucht. Bei der DTA yon p.a. Ammoniumnitrat  verlaufen die Kristallumwandlungen 
IV--, III ~ I I - ,  I sowie der Schmelzvorgang. W~hrend der DSC der gleichen Ammoniumnitrat-  
proben verlaufen die 0berg~nge I V ~  III und IV--* I I  parallel, worauf die Kristallumwandlungen 
III -~ II --, I und der Schmelzvorgang folgen. Die experimentellen Bedingungen und die Vorge- 
schichte der Proben hat keinen wesentlichen Einfiul~ auf die w~hrend der thermischen Analyse 
verlaufenden Kristallumwandlu ngen. 

Pe310Me - MeToAaMH ~,TA H ~.CK npoBe/~eHo HccneAoBaHHe npeepalJJ, eHH~ B HHTpaTe aMMO- 
HHR. Pe3ynbTaTbl ~,TA HccneAOBaHHI~ 06pa3Lta HHTpaTa aMMOHHR (KBa,rlH(~)HKaU, HH N./3,.a) noKa- 
3arlH HanH4He KpHCTaJ3rlHHeCKHX npeBpaI.U, eHH~l THna JV "-~ III ~ II -* I H nnaBTleHHe. ~CK HCCfle- 
AOBaHHR TOFO )Ke caMoro 06pa3u, a noKa3allH, qTO npeBpaLU, eHHR THna IV ''b III H IV--* II npoTeKa- 
~OT napannenbHo, 3a KOTOpblMH cneAyeT npeBpaL~eHHe ]-Hna III --, II ~ I H nnaBneHHe. 3KcnepH- 
M e H T a n b H b l e  yCnOBHR H npoHcxo>KAeHHe o6pa3U, OB BnHRHHFI Ha KpHCTannHqeCKHe npeBpauJ, eHHR. 
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