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SCOPE 
 
This document aims to satisfy the request for information that some experts made at the session of 
the Working Group on Explosives on the last July meeting, answering the questions posed in 
document ST/SG/AC.10/C.3/46/Add.1, paragraph 7. 
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July 2003) 
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BACKGROUND 
 
The Working Group on explosives met during the July session of the Sub-Committee of Experts on 
the Transport of Dangerous Goods. During the extensive discussion about Ammonium Nitrate 
Suspensions (UN 3375), some questions were posed to the expert from Spain, and a preliminary 
reply was given (see paragraph 7 of ST/SG/AC.10/C.3/46/Add.1). This document aims to give a 
more accurate reply to those questions. 

 



UN/SCETDG/24/INF.18 
page 2 
 

Some experts expressed their interest on the behaviour of suspensions in temperature cycles. 
Attached to this document there is a study performed by UEE on this matter. The behaviour has 
been analysed, determining densities and undertaking Series 1 and 8 Gap Tests, after submitting the 
suspensions to a thermal treatment consisting of 3 cycles of 12 h at 40 ºC and 12 h at 0 ºC. As it can 
be seen in the UEE report, all the suspensions analysed passed the test. The results obtained are 
very similar to those obtained by the standard emulsion. 
 
Questions and answers 
 
(a)  How does the density change through temperature cycles? 
 
This question makes reference to the effect on density caused by temperature cycles to which the 
product may be submitted. That is to say, the density of the product should be compared at the same 
temperature before and after submitting it to temperature cycles. In this sense, when ammonium 
nitrate suspensions are submitted to temperature cycles they show a slight decrease in density. This 
effect is due to the crystalline phase transition III-IV of the ammonium nitrate that takes place at 32º 
C, which increases the specific volume of the ammonium nitrate crystals. As can be seen in the 
technical report of the attachement, the drop in density is between 10 and 50 kg/m3. 
 

(b) Will insulated tanks be a requirement? 
 
Not in general. Only if it is anticipated that the suspension will be submitted to extreme 
temperatures would it be advisable to use insulated tanks. This requirement is related to the quality 
and performance of the final explosive, not with changes in the sensitivity of the matrix suspension. 
If the suspension is submitted to temperature cycles, there is an undesirable growth of the crystals in 
suspension that implies deterioration in its reology and consequently greater difficulties in its 
handling. As can be seen in the attached report, following submission to temperature cycles the 
suspensions amply pass the Series 1 and 8 Gap Tests, which indicated that its sensitivity has not 
been appreciably increased when having been submitted to these temperature cycles. 
 

(c)  Review the AN percentages and make them more relevant to the materials tested, and also 
review the paragraph on the trace flame suppressants 

 
The examples of ammonium nitrate suspensions given in the reports are not meant to be restrictive. 
It should be born in mind that the definitions both of emulsions and suspensions and gels, given in 
the Special Provision 309 are not meant to be a criterion for classification. The classification of a 
substance as UN 3375 is determined by its passing the Series 8 Tests. Thus, in the case of 
emulsions, the percentage of ammonium nitrate can be up to 85 % and water can be reduced to 5 %, 
and yet no examples are given of ammonium nitrate above 80 % or of water below 12 %. 
 
As already indicated, these examples are not meant to be restrictive or limiting and therefore do not 
reflect all the possibilities of ammonium nitrate suspensions. Thus, no examples of suspensions 
with flame suppressants are included. It would be logical to think that the addition of a flame 
suppressant such as sodium or potassium chloride does not involve an increase in the sensitivity of 
the suspension. And, as also mentioned, the substance can be classified as UN 3375 once it has 
passed the Series 8 Tests. It may also be said that in the case of emulsions no examples of 
emulsions with flame suppressants were included and this has not been a reason to withdraw these 
components from the definition of the emulsions. 
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When drawing up the definition of ammonium nitrate suspensions and gels, the aim was to maintain 
the same criteria that were used to define ammonium nitrate emulsions. 
 

(d) Rethink the use of the word "unsensitised" in the introduction and the introduction of 
chemical sensitisers in suspensions and gels 

 
The term "non sensitised" in the Special Provision 309 refers to a substance with a sensitivity so 
low that it cannot be classified as explosive (Class 1) and of course with no detonating capacity 
when initiation is tried with a detonator or booster. To convert these substances to Type E blasting 
explosives a process consisting of reducing its density to levels that make it sensitive to initiation 
with a booster is necessary beforehand. 
 
In line with this reasoning, we believe that the term "non sensitised" is also well applied to the case 
of the ammonium nitrate suspensions, independently of whether they contained sodium or 
potassium perchlorate and/or monomethylamine or hexamine nitrate. The addition of these products 
to the suspensions in the percentages specified in the definition does not increase their sensitivity 
above that corresponding to ANE emulsions (see document UN/SCETDG/23/INF.12). Therefore, 
when referring to ANE suspensions, we are talking about "non sensitised" substances that need to 
be previously sensitised by means of a process to reduce their density to levels that allow them to be 
initiated with a booster in order to convert them into Type E blasting explosives. 
 

(e) The expert from the United Kingdom will discuss the issue of thermal cycling directly with 
the expert from Spain. Others simply wanted information on the densities at the two 
temperature extremes likely to be encountered in transport 

 
As it can be seen in the attached technical report, suspensions submitted to thermal cycles showed 
no increase in their sensitivity that would prevent them from being classified as UN 3375. 
 
In the same report, density values are given for suspensions SP1-SP6 at 40 and 0 ºC, before and 
after thermal cycling (see pages 6, 9 and 10). 
 

(f) Have the experts from Spain done any tests on the crystals that appear when the material 
deteriorates? 

 
Commercial suspensions were dried so as to obtain humidity levels between 1.1 and 1.3 %, 
respectively. The crystals obtained were submitted to Test 3(a)(ii) BAM fallhammer obtaining 
limiting impact energies between 39 and 49 J. An emulsion dried to obtain a humidity level of 1.2 
was also tested, obtaining a limiting impact energy of 49 J. These values are above those obtained 
for ANFO (20-25 J). 
 

(g) Were there any problems with compatibility? 
 
Ammonium nitrate suspensions with the components described in the definition and sensitised as 
Type E blasting explosives have been widely used over the last 40 years, and no compatibility 
problems have been experienced. 
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The Test 8(a) Thermal stability test for ammonium nitrate emulsions, suspensions or gels has been 
developed to determine the stability of a candidate for "ammonium nitrate emulsion, suspension or 
gel, intermediate for blasting explosives" when submitted to high temperature conditions. The test 
requires the substance to be tested at a temperature 20 ºC above the maximum transport 
temperature. As can be seen in documents UN/SCETDG/22/INF.4 and UN/SCETDG/23/INF.12, 
the suspensions were tested at temperatures up to 40 ºC above the maximum transport temperature, 
passing this test. In the development of this test it was confirmed that no exothermic process was 
produced since the temperature of the samples were below those of the oven at all times. 
 
 
 
 
Attachment 
 
UEE's technical report: Performance of Gap Tests (Series 1 & 8) on Temperature Cycled 
Ammonium Nitrate Suspensions 
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SUMMARY AND CONCLUSIONS 
 

 The object of this report is to satisfy the request for information made by some experts during the 

Explosive Working Group meeting held in July 2003 (ST/SG/AC.10/C.3/46/Add.1). Taking into account the 

type of information requested, this study was designed to measure the densities at 40, 20 and 0 ºC of the 

ammonium nitrate matrix suspensions already analysed in previous studies (UN/SCETDG/23/INF.12), as 

well as to submit them to the Gap Tests corresponding to the Series 1 and 8 after having submitted the 

samples to thermal treatment consisting of 3 cycles of 12 h at 40 ºC and 12 h at 0 ºC. The Series 1 test was 

carried out at 40 and 0 ºC and the Series 8 test at 40 ºC only, since beforehand in the Series 1 test it was 

seen that this temperature was more demanding than that of 0 ºC. 

 

 As can be seen in the report, the tests are passed in all cases and the results obtained are similar to 

those of an ammonium nitrate standard emulsion (EM1). In addition, as expected, the density of the 

suspensions decreased with the temperature, showing variations of 1.0-1.5 kg/m3.K. 

 



  page 4 
 

1. INTRODUCTION 
 

With the main object of making the content of Special Provision 309 totally coherent with the wording 

of UN 3375, at the July 2003 meeting the Spanish Authority presented a proposal, Document 

ST/SG/AC.10/C.3/2003/13, consisting of a modification of Special Provision 309, introducing a paragraph 

referring to a specific range of compositions for suspensions and gels, in order to include various ingredients 

used specifically in suspensions and gels. The proposal was based on the tests presented in the document 

UN/SCETDG/22/INF.4 and on further clarifying tests that Spain undertook and presented to the Sub 

Committee in documents UN/SCETDG/23/INF.12 and UN/SCETDG/23/INF.32. 

 

The accompanying proposal and documents were discussed at the Working Group meeting on ANE, 

Trials and Fireworks (ST/SG/AC.10/C.3/46/Add.1). At the suggestion of one of the experts from the United 

States of America to postpone the voting until December in order to have time to study the information 

presented, Spain indicated that in December it would present a new proposal that would include the text 

developed at the Working Group meeting. Several delegates indicated that this was a step forward and 

encouraged Spain to present it in December. In accordance with this, Spain has presented a new proposal 

for the December 2003 session of the Sub-Committee of Exports on the Transport of Dangerous Goods 

(ST/SG/AC.10/C.3/2003/31). 

 

At the meeting of the Working Group on Explosives, the delegates recognised the effort and quality 

of the information supplied by the expert from Spain. Nevertheless, some delegates expressed their interest 

in knowing the behaviour of the density of the suspensions at extreme transport temperatures as well as the 

behaviour of the suspensions to temperature cycles. 

 

 In order to satisfy this interest, a study of the behaviour in temperature cycles of suspensions (SP1-

SP6), analysed in previous studies, was carried out. Behaviour was analysed, determining densities and 

undertaking Series 1 and 8 Gap Tests, after submitting the suspensions to a thermal treatment consisting of 

3 cycles of 12 h at 40 ºC and 12 h at 0 ºC. The Series 1 test was carried out at 40 and 0 ºC and the Series 8 

at 40 ºC. A standard emulsion (EM1) was also submitted to this thermal treatment and subsequent tests as 

reference.  
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2. AMMONIUM NITRATE SUSPENSIONS 
 

A detailed description of the ammonium nitrate suspensions can be found in document 

UN/SCETDG/23/INF.12. This report shows the behaviour of a series of suspensions, covering a wide range 

of compositions, in the Test Series 1, 2 and 8.  

 

For the current study, the same suspensions already studied were used and their compositions are 

shown in Table 2.1. This table also indicates their densities measured at 40, 20 and 0 ºC. 

 

 The viscosity of the suspensions analysed showed values between 380 and 540 p and that 

of the EM1 emulsion a value of 560 p.
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Table 2.1. Substances tested 
 

 SP1 SP2 SP3 SP4 SP5 SP6 EM1 

Ammonium nitrate 62.3 55.0 67.4 71.4 66.4 68.4 76.0 

Sodium nitrate - 8.0 - - - - - 

Sodium perchlorate 11.0 8.0 - - 8.0 - - 

Methylamine nitrate - - 15.0 - - 10.0 - 

Hexamine nitrate - - - 14.0 7.0 - - 

Water 13.0 14.0 12.0 14.0 12.0 13.0 17.0 

Paraffinic oil - - - - - - 5.6 

Glycol 13.0 14.0 5.0 - 6.0 8.0 - 

Emulsifier - - - - - - 1.4 

Thickener 0.7 1.0 0.6 0.6 0.6 0.6 - 

Density at 40 ºC (kg/m3) 1420 1410 1390 1420 1440 1390 1320 

Density at 20 ºC (kg/m3) 1450 1450 1410 1450 1470 1410 1340 

Density at 0 ºC (kg/m3) 1470 1470 1450 1480 1490 1430 1350 
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3. TESTS 1(a): UN GAP TEST 
 

3.1. Procedure 
 

The tests were carried out according to the procedures described in Sections 11.4.1 of the 

Manual of Tests and Criteria, ST/SG/AC.10/11/Rev.3. Photograph 3.1 shows the layout of the 

different elements in Tests 1(a). 
 

 

 

3.1. Test 1(a) 

 

 

Donor charge consisted of cast cylinders of Pentolite 50/50 weighing 160 g, with a 50 mm diameter 

and 50 mm in height. The density of the charges used was between 1631 and 1638 kg/m3. Cold-drawn, 

seamless, carbon steel tubes were used. The tubes had a 48.5 mm outside diameter and measured 400 mm 

in length, with a thickness of 4.0 mm. The witness plates were of mild steel measuring 150×150×3.2 mm. 

 

In all cases, according to the French cavitation method, microspheres K15 from 3M were 

added to the substances to be tested in the proportion of 500 mg per litre of substance. The 

mixtures were mixed to the point of total dispersion of the microspheres. 
 

The tests were carried out once the substances had been submitted to a thermal treatment consisting of 
3 cycles of 12 h at 40 ºC and 12 h at 0 ºC, and were undertaken at 40 and 0 ºC. 
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3.2. Results 
 

The data and results of the different tests made at 40 and 0 ºC are shown in Table 3.1 and 

Photographs 3.2-3.8, and Table 3.2 and Photographs 3.9-3.16, respectively. As can be seen, all 

the suspensions, and the EM1 emulsion, passed the test both at 40 º C and 0 º C after having 

been submitted to thermal cycles. Comparing the results obtained with those corresponding to the 

same test carried out at 20 º C with no thermal treatment, it can be seen that the differences in the 

effect on the tube are not similar. In some cases the effect is greater and in others is lesser. In any 

case, there is no substantial difference and, as indicated before, in no case was the whole tube 

fractured. It should be born in mind that the ANE emulsion EM2 (UN/SCETDG/23/INF.12) did not 

pass this test, which was carried out at 20 º C and with no thermal treatment. 
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Table 3.1. Tests 1(a): UN gap test at 40 ºC. 
 

Substances 
Density 
(kg/m3) 

Temp 
(°C) 

Fragmentation 
length (cm) 

Witness plate 
Product 
remains 

Result 

SP1 Ammonium nitrate 62.3%, Sodium perchlorate 11.0%,  
Water 13.0%, Glycol 13.0%, Thickener 0.7% 1410 39.6 16 No damage No - 

SP2 Ammonium nitrate 55.0%, Sodium nitrate 8.0%,  
Sodium perchlorate 8.0%, Water 14.0%, Glycol 14.0%, Thickener 1.0% 1400 39.4 27 No damage No - 

SP3 Ammonium nitrate 67.4%, Methylamine nitrate 15.0%,  
Water 12.0%, Glycol 5.0%, Thickener 0.6% 1370 39.2 28 Slightly domed No - 

SP4 Ammonium nitrate 71.4%, Hexamine nitrate 14.0%,  
Water 14.0%, Thickener 0.6% 1380 39.5 32 Slightly domed No - 

SP5 Ammonium nitrate 66.4%, Sodium perchlorate 8.0%,  
Hexamine nitrate 7.0%, Water 12.0%, Glycol 6.0%, Thickener 0.6% 1430 39.6 29 Slightly domed No - 

SP6 Ammonium nitrate 68.4%, Methylamine nitrate 10.0%,  
Water 13.0%, Glycol 8.0%, Thickener 0.6% 1370 39.4 19 No damage No - 

EM1 Ammonium nitrate 76.0%, Water 17.0%, Paraffinic oil 5.6%,  
Emulsifier 1.4% 1310 39.7 29 Slightly domed No - 
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Table 3.2. Tests 1(a): UN gap test at 0 ºC. 
 

Substances 
Density 
(kg/m3) 

Temp 
(°C) 

Fragmentation 
length (cm) 

Witness plate 
Product 
remains 

Result 

SP1 Ammonium nitrate 62.3%, Sodium perchlorate 11.0%,  
Water 13.0%, Glycol 13.0%, Thickener 0.7% 1420 0.6 14 No damage Much - 

SP2 Ammonium nitrate 55.0%, Sodium nitrate 8.0%,  
Sodium perchlorate 8.0%, Water 14.0%, Glycol 14.0%, Thickener 1.0% 1420 0.5 25 No damage Much - 

SP3 Ammonium nitrate 67.4%, Methylamine nitrate 15.0%,  
Water 12.0%, Glycol 5.0%, Thickener 0.6% 1430 0.5 19 No damage Much - 

SP4 Ammonium nitrate 71.4%, Hexamine nitrate 14.0%,  
Water 14.0%, Thickener 0.6% 1450 0.4 20 No damage Little - 

SP5 Ammonium nitrate 66.4%, Sodium perchlorate 8.0%,  
Hexamine nitrate 7.0%, Water 12.0%, Glycol 6.0%, Thickener 0.6% 1460 0.5 16 No damage Much - 

SP6 Ammonium nitrate 68.4%, Methylamine nitrate 10.0%,  
Water 13.0%, Glycol 8.0%, Thickener 0.6% 1400 0.5 22 No damage Medium - 

EM1 Ammonium nitrate 76.0%, Water 17.0%, Paraffinic oil 5.6%,  
Emulsifier 1.4% 1350 0.4 23 No damage Little - 
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Photographs 3.2 - 3.8. Tests 1(a): UN gap test at 40 ºC. 

 

   

3.2. Suspension SP1 3.3. Suspension SP2 3.4. Suspension SP3 

   

3.5. Suspension SP4 3.6. Suspension SP5 3.7. Suspension SP6 

 

 

 

 3.8. Emulsion EM1  
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Photographs 3.9 - 3.15. Tests 1(a): UN gap test at 0 ºC. 

 

   

3.9. Suspension SP1 3.10. Suspension SP2 3.11. Suspension SP3 

   

3.12. Suspension SP4 3.13. Suspension SP5 3.14. Suspension SP6 

 

 

 

 3.15. Emulsion EM1  
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4. TEST 8(b): ANE GAP TEST 
 

4.1. Procedure 
 

 The test has been carried out following the procedure described in section 18.5.1 of Document 

ST/SG/AC.10/29/Add.2, 17 February 2003. Photographs 4.1 and 4.2 show the setting of the different 

elements used to carry out this test. 

 

 

  

4.1. Test setting 4.2. Test setting 

 

 

 Donor charge cylinders of Pentolite 50/50 with a diameter of 95 mm and a height of 95 mm were 

used. The charge densities used ranged between 1631 and 1638 kg/m3 and the masses ranged from 1073 

to 1097 g. 

 

 The tube and witness plate steel was ST-52. This steel has a tensile strength between 500 

and 650 MPa and an elongation between 19 and 21 %. The tubes had an outer diameter of 95.0 

mm, a thickness of 11.3 mm and a height of 280 mm. The plate dimensions were 200×200×20 

mm. 
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 The polymethyl methacrylate cylinders had a diameter of 95 mm and a height of 70 mm 

according to the procedure. 
 

The tests were carried out once the substances had been submitted to a thermal treatment consisting of 
3 cycles of 12 h at 40º C and 12 h at 0º C, and were undertaken at 40 ºC. No tests were carried out at 0º 
C because from the results obtained in the Series 1 test, the samples presented greater sensitivity to a 
shock wave at 40 ºC. 

 

 

4.2. Results 
 

The data and the results of the different tests are shown in Table 4.1 and Photographs 4.3 - 4.8. As can be 

seen, all the suspensions analysed passed the test. The results obtained are very similar to those obtained 

by the standard emulsion EM1 at 20º C without thermal treatment (UN/SCETDG/23/INF.12). 
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Table 4.1. Test 8(b): ANE gap test at 40 ºC. 

 

Substances 
Density 
(kg/m3) 

T 
(°C) 

Tube Plate 
Product 
remains 

Result 

SP1 Ammonium nitrate 62.3%, Sodium perchlorate 11.0%, Water 13.0%,  
Glycol 13.0%, Thickener 0.7% 1410 39.8 Fragmented in large and 

small pieces Slightly bent No - 

SP2 Ammonium nitrate 55.0%, Sodium nitrate 8.0%,  
Sodium perchlorate 8.0%, Water 14.0%, Glycol 14.0%, Thickener 1.0% 1400 39.8 Fragmented in medium 

and small pieces Bent No - 

SP3 Ammonium nitrate 67.4%, Methylamine nitrate 15.0%, Water 12.0%,  
Glycol 5.0%, Thickener 0.6% 1380 39.7 Fragmented in large and 

small pieces Bent No - 

SP4 Ammonium nitrate 71.4%, Hexamine nitrate 14.0%, Water 14.0%,  
Thickener 0.6% 1420 42.1 Fragmented in medium 

and small pieces Very bent No - 

SP5 Ammonium nitrate 66.4%, Sodium perchlorate 8.0%,  
Hexamine nitrate 7.0%, Water 12.0%, Glycol 6.0%, Thickener 0.6% 1430 40.0 Fragmented in large and 

small pieces Very bent No - 

SP6 Ammonium nitrate 68.4%, Methylamine nitrate 10.0%, Water 13.0%,  
Glycol 8.0%, Thickener 0.6% 1360 39.9 Fragmented in large and 

small pieces Slightly bent No - 
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Photographs 4.3 - 4.8. Tests 8(b): UN gap test at 40 ºC. 
 

   

4.3. Suspension SP1 4.4. Suspension SP2 4.5. Suspension SP3 

   

4.6. Suspension SP4 4.7. Suspension SP5 4.8. Suspension SP6 

 

 
_____________ 

 


