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Scope

A report on the factors that affect sensitivity of ammonium nitrate emulsions (ANEs) is attached. This report focuses on the influence that typical components of ammonium nitrate suspensions such as sodium and potassium perchlorates and monomethylamine and hexamine nitrates have on ANE´s sensitivity.
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Background and Discussion

The Spanish proposal to be discussed at the 25th session of the Sub-Committee (ST/SG/AC.10/C.3/2003/31, ST/SG/AC.10/C.3/2004/64) consists of amending SP 309 to include sodium perchlorate, potassium perchlorates, monomethylamine nitrate and hexamine nitrates in a specific narrow range that are considered typical components of ammonium nitrate suspensions.

Some Competent Authorities (UN/SCETDG/24/INF.28) and explosives manufacturers (UN/SCETDG/24/INF.28 andUN/SCETDG/24/INF.25) have expressed strong views that these substances chemically sensitise the ANEs but have not been able to provide experimental evidence to support their claim. Spain has sought to remove the irrational subjectivity that opponents to its proposal have shown in relation to the concept of sensitisation with documents: UN/SCETDG/22/INF.4 and UN/SCETDG/23/INF.12. The test results tabled in these documents clearly showed that ammonium nitrate suspensions containing perchlorates and amine nitrates did not present a higher sensitivity than standard emulsions. This paper specifically addresses the behaviour of emulsions when they contain these substances with the view of allaying any concerns that may still exist in the stakeholders minds. 

The testing was designed to show a comparison between the behaviour of a standard emulsion (one salt emulsion with 17% water) and an emulsion obtained when 10% ammonium nitrate is substituted by perchlorates and amine nitrates, subjected to a detonation from a booster charge (Test 1(a)). The behaviours encountered were similar, within experimental error limits, which leads us to assert that the perchlorates and amine nitrates have no significant sensitising effect on the standard emulsion. In addition, the testing results have shown the interesting effect of reducing the water content of an ammonium nitrate, one salt emulsion. A marked increase in the emulsion’s sensitivity was found when the water content was reduced from 17 % to 9 %.

The following conclusions can be reached from the experimental evidence obtained:

a)
The substitution of 10 % ammonium nitrate by sodium perchlorate, potassium perchlorate, methylamine nitrate or hexamine nitrate in a standard ammonium nitrate emulsion does not have a significant influence on the sensitivity of the emulsion. On the other hand, a reduction in water content considerably increases the sensitivity of the emulsion. The addition of these additives in the quantities tested does not modify the nature of the risk, in accordance with the Series 1 & 2 tests.

b)
As some experts have pointed out already (UN/SCETDG/24/INF.37), the classification of a substance should be determined by the results of applying the corresponding tests. This is purely an acknowledgment of the fact that it is impossible to determine the behaviour of a substance from a definition in terms of chemical composition, especially when the behaviour under scrutiny is influenced just as much by chemical composition as it is by physical state (i.e., homogeneity, particle or droplet size, density, etc).
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0. SUMMARY AND CONCLUSIONS


The Spanish proposal to be discussed at the 25th session of the Sub-Committee (1, 2) seeks the modification of the typical composition of ammonium nitrate suspensions to include perchlorates and amine nitrates that have been used commercially in these substances for many years. Some Authorities have expressed doubts about this proposal (3) and even Dyno Nobel (4) and Orica Explosives (5) have stated their opposition, alleging that these substances chemically sensitise the ANEs. However, no experimental evidence has been published to support this opposition. The purpose of this report is to evaluate the sensitisation ability of sodium and potassium perchlorates and monomethylamine and hexamine nitrates when they form part of the composition of an ANE. 


Prior to this report, UEE has already undertaken studies (6, 7) that showed that ammonium nitrate suspensions containing these substances did not manifest a higher sensitivity than standard emulsions. It was considered that the absence of experimental data on AN emulsions containing these substances was driving the reactions from the sceptical authorities and therefore, on this occasion it was decided to study the behaviour of emulsions when they contain these substances.


The experimental set up of the study seeks to compare the behaviour of a standard emulsion (one salt emulsion with 17% water) with emulsions where a 10% ammonium nitrate has been replaced by the substances under study (perchlorates and amine nitrates). The samples were subjected to the test that we consider is the best predictor of sensitivity, i.e., detonation from a booster charge (Test 1 (a)).The behaviours observed on the samples were similar, within experimental error limits, which leads us to assert that the perchlorates and amine nitrates tested have no significant sensitising effect on the standard emulsion. As part of this study on sensitisation, the effect of reducing the water content of an ammonium nitrate, one salt emulsion, was also included in the test program, and a high increase in the emulsion’s sensitivity was observed when the water content was reduced from 17 % to 9 %, a value well within the range of the existing limit specified in Special Provision 309 (5 %).

From our experimental results we then conclude:
1.-
The substitution of 10 % ammonium nitrate by sodium or potassium perchlorate or methylamine or hexamine nitrate in a standard ammonium nitrate emulsion does not have a significant influence on the sensitivity of the emulsion. On the other hand, a reduction in the water content considerably increases the sensitivity of the emulsion. If Test 1 (a) is taken as the best proxy for sensitivity, then the addition of these substances in the quantities tested does not alter the risk level in the emulsions analysed.

2.-
The classification of a substance should be determined by the results of applying the corresponding tests, in accordance with the idea already expressed by some experts (8). The sensitivity of explosive substances or precursors depends just as much on chemical composition as it does in physical state. It is impossible to determine the behaviour of a substance from a definition in terms of chemical composition that ignores the physical characteristics of the substance. 

1. INTRODUCTION


The recommendation presented by the Spanish Competent Authority (1) at the 24th session of the Sub-Committee of Experts on the Transport of Dangerous Goods held in December 2003, proposed the modification of Special Provision 309 to introduce the interval of chemical components that are normally used in Ammonium Nitrate Suspensions and Gels. This recommendation was drafted in the Working Group on Explosives held during the 23rd session of the Sub-Committee (9).


Several documents in relation to the Spanish proposal were presented at the 24th session of the Sub-Committee (3, 8, 10-14). The Spanish expert considered it appropriate to postpone the matter until the session to be held in July 2004. This was supposed to give an opportunity to discuss in depth all arguments in favour or against the proposal before a vote was cast on the subject.


Among the documents presented at the 24th session of the Sub-Committee were two reports, from Dyno Nobel (4) and Orica Explosives (5), that opposed the Spanish proposal. Both documents were based on the assumption that sodium and potassium perchlorates and monomethylamine and hexamine nitrates chemically sensitise suspensions. In the Dyno report (4) it is literally stated that “their known sensitising effect on emulsions, suspensions and gels” or “hexamine nitrate or monomethylamine nitrate compositional ingredients proposed by the Expert from Spain in reference B, should be classified as sensitising agents”, etc. The “sensitisation” concept is taken for granted and yet no evidence is present  to support this statement. 

Orica’s report (5) proposes a procedure and criteria for the Modified Vented Pipe Test (MVPT). Based on our own experimental evidence we have serious reservations about this proposal. A detailed report (15) with our latest findings in the study of this test demonstrates the absence of experimental support for some of the conclusions in Orica’s report. Focusing now exclusively on the matter of “sensitisation”, the Orica’s report textually states that “All chemically sensitised suspension composition tested to date gave positive outcomes under the proposed procedure of the MVPT, with some trials finishing in less than half the time allowed under the proposed criterion. It is recommended that Special Provision 309 should not be amended to include chemically sensitised suspensions”.


In the same line as these reports, some Competent Authorities have also expressed their opposition or doubts on the Spanish proposal alleging the “sensitising character” of these chemical components.


Finally, the expert from Sweden presented a document (16) for discussion at the 25th session of the Sub-Committee proposing a new UN number for Sensitised Ammonium Nitrate Emulsions, Suspensions and Gels. In this proposal the expert describes sodium and potassium perchlorates and monomethylamine and hexamine nitrates as “chemical sensitisers” and supports his proposal with Orica’s conclusion (5) that ANEs containing these substances present a different behaviour in the Modified Vented Pipe Test than those without them.

In this report we will focus on the behaviour of these substances when they form part of ANEs. We hope to shed some light to clarify the “sensitisation concept” and perhaps the most important aspect, we will show some experimental results to support our statements.

To date, the only experimental evidence available has been in the public domain after the Spanish expert presented documents UN/SCETDG/22/INF.4 and UN/SCETDG/23/INF.12 corresponding to reports prepared by UEE (6, 7).  These documents show that the sensitivity of ammonium nitrate suspensions that contain these perchlorates and/or amine nitrates is not higher than that of a standard emulsion with a 17 % water content. In order to clarify these concepts even further, UEE has carried out a study on the supposed sensitisation capacity of these products on emulsions. 

2. EXPERIMENTAL PART


The emulsions tested are shown in Table 2.1. An emulsion with 17 % water (EM1) has been used as standard. The behaviour of this emulsion is well known as it has been used in previous studies. The rest of the emulsions considered have been chosen on the basis of substituting 10 % of ammonium nitrate for perchlorates (EM5 and EM8) or amine nitrates (EM7 and EM9). In the case of the EM7 and EM9, the percentage of paraffin oil was reduced as the amine nitrates act as fuel. The influence of the water content has also been studied, reducing it from 17 % to 9 % (EM6). The viscosity of the samples ranged between 40 and 60 Pa∙s.

Table 2.1. Emulsions tested

	
	EM1
	EM5
	EM8
	EM7
	EM9
	EM6

	Ammonium nitrate
	76.0
	66.0
	66.0
	67.5
	67.5
	84.0

	Sodium perchlorate
	-
	10.0
	-
	-
	-
	-

	Potassium perchlorate
	-
	-
	10.0
	-
	-
	-

	Monomethylamine nitrate
	-
	-
	-
	10.0
	-
	-

	Hexamine nitrate
	-
	-
	-
	-
	10.0
	-

	Water
	17.0
	17.0
	17.0
	17.0
	17.0
	9.0

	Paraffin oil
	5.6
	5.6
	5.6
	4.1
	4.1
	5.6

	PIBSA emulsifier
	1.4
	1.4
	1.4
	1.4
	1.4
	1.4



The trials corresponding to the UN Gap Tests, 1(a) and 2(a), Koenen Tests, 1(b) and 2(b), and Time/pressure Test, 1(c)(i), were carried out according to the procedure described in Sections 11.4.1, 12.4.1, 11.5.1, 12.5.1 and 11.6.1 of the Manual of Tests and Criteria (17). The procedures and materials used have already been described in detail in a previous report (7).

3. RESULTS AND DISCUSSION


In order to evaluate the influence of perchlorates and amine nitrates on the sensitivity of ammonium nitrate emulsions, a typical matrix emulsion (EM1) was used as standard. To compare the different emulsions according to sensitivity, Test 1 (a): UN Gap test was used. This test is used to measure the ability of a substance, under confinement in a steel tube, to propagate a detonation by subjecting it to the detonation from a booster charge. The higher the sensitivity of the substance, the greater its reaction, and therefore so are the effects on the tube and witness plate. The result of the test is the length of the fragmented part of the tube. The test result is considered “+” and the substance to propagate detonation if the tube is fragmented completely or if the witness plate is perforated. As indicated in the procedure, two trials were carried out for each emulsion and the length of the fragmented tube shown in Table 3.1 is that corresponding to the trial in which the results were most severe. 
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	3.1. Emulsion EM1



The standard EM1 emulsion passes Test 1(a), part of the pipe remaining intact (Photograph 3.1). An emulsion with higher sensitivity will present higher tube fragmentation. 


Firstly, 10% ammonium nitrate was substituted for sodium perchlorate (EM5 emulsion) or potassium perchlorate (EM8 emulsion), maintaining the same percentages for the rest of the components. Applying Test 1 (a) to these emulsions, it was seen that in both cases they pass the test. Comparing the length of the fragmented tube with that obtained with the EM1 emulsion (23 cm), it can be seen that the EM5 emulsion with sodium perchlorate shows a slightly lower value (21 cm), and the EM8 emulsion with potassium perchlorate a slightly higher value (29 cm). Taking into account the experimental error limit, it can be said that the lengths of fragmented tube are quite similar. The test values and data are shown in Table 3.1, and Photographs 3.2 and 3.3. show the state of the tube and plate after one of the trials.

Contrary to what has been suggested, the test results indicate that the substitution of part of the ammonium nitrate for sodium or potassium perchlorate does not significantly change the sensitivity of the emulsion.
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	3.2. Emulsion EM5
	3.3. Emulsion EM8



In the next step, we prepared samples by substituting 10 % of the ammonium nitrate for monomethylamine nitrate (EM7 emulsion) or hexamine nitrate (EM9 emulsion) that were subjected to Test 1(a). The results obtained can bee seen in Table 3.1, and Photographs 3.4 and 3.5 show the tubes and witness plates for the trials. In this instance, the lengths obtained were slightly higher than those obtained by the EM1 emulsion (23 cm), 26 cm for the EM7 emulsion and 27 cm for the EM9 emulsion. 

Similar to the results obtained with emulsions containing perchlorates, the results obtained are, within the experimental error limits, quite similar to those obtained when this test is applied to the standard EM1 emulsion. We can assert that the substitution of a certain percentage of ammonium nitrate for monomethylamine nitrate or hexamine nitrate does not significantly change the sensitivity of the emulsion.

	[image: image4.jpg]



	[image: image5.jpg]




	3.4. Emulsion EM7
	3.5. Emulsion EM9
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	3.6. Emulsion EM6



Finally, the effect of substituting part of the emulsion’s water content for ammonium nitrate was considered. An emulsion (EM6) with a 9 % water content was studied, a percentage somewhat higher than the 5 % limit given in Special Provision 309. Applying Test 1(a) to EM6 emulsion gives a “+” result. The sample does not pass the test as the tube is totally fragmented (Photograph 3.6). This result should not come as a surprise to experts in the widely known emulsion technology. The effect of water content on emulsion’s sensitivity has been already pointed out  by the Spanish expert (reference 14, comment 3) and additional references in relation to this point  can be found in the scientific literature, such as  H.A. Bampfield and J. Cooper (reference 18, page 283), “the desired sensitivities (of emulsions) are achieved by controlling water levels in the formulation”.


Despite being currently outside of SP 309, emulsions containing 10% of sodium or potassium perchlorates or monomethylamine or hexamine nitrates show a behaviour in Test 1(a): UN Gap test quite similar to that shown by a standard emulsion with a water content of 17%. However, EM6 emulsion, a one salt emulsion with a water content of 9 %, and thus clearly within Special Provision 309, presents a markedly higher sensitivity, failing Test 1(a).

Table 3.1. Test 1(a): UN Gap test

	Emulsion
	Density

(kg/m3)
	Temp

(°C)
	Fragmentation length (cm)
	Witness plate
	Result

	EM1 Ammonium nitrate 76.0%,

Water 17.0%,

Paraffin oil 5.6%, PIBSA emulsifier 1.4%
	1340
	19
	23
	No damage
	-

	EM5 Ammonium nitrate 66.0%,

Sodium perchlorate 10.0%, Water17.0%,

Paraffin oil 5.6%, PIBSA emulsifier 1.4%
	1370
	20
	21
	No damage
	-

	EM8 Ammonium nitrate 66.0%,

Potassium perchlorate 10.0%, Water 17.0%,

Paraffin oil 5.6%, PIBSA emulsifier 1.4%
	1380
	20
	29
	No damage
	-

	EM7 Ammonium nitrate 67.5%,

Monomethylamine nitrate 10.0%, Water 17.0%,

Paraffin oil 4.1%, PIBSA emulsifier 1.4%
	1310
	20
	26
	No damage
	-

	EM9 Ammonium nitrate 67.5%,

Hexamine nitrate 10.0%, Water 17.0%,

Paraffin oil 4.1%, PIBSA emulsifier 1.4%
	1340
	20
	27
	No damage
	-

	EM6 Ammonium nitrate 84.0%,

Water 9.0%,

Paraffin oil 5.6%, PIBSA emulsifier 1.4%
	1380
	20
	40
	Very domed
	+



For the sake of completeness, the rest of the Series 1 and 2 tests were also carried out. EM 6 emulsion was the only sample that had to be put to Test 2(a). EM6 passed Test 2 (a) as the pipe did not fragment nor was the plate perforated.


Table 3.2 shows the results obtained on applying the Koenen Test to the emulsions considered. All samples tested show a positive result in Series 1. However, they pass Series 2. The EM5 emulsion showed a limiting diameter of 1.0 mm and the rest of the samples, the same as the EM1 emulsion, showed a limiting diameter of 1.5 mm.

Table 3.2. Tests 1(b), 2(b): Koenen test

	Emulsion
	Hole diameter (mm)
	Limiting diameter

(mm)
	Result

	
	1.0
	1.5
	2.0
	
	Series 1
	Series 2

	EM1 Ammonium nitrate 76.0%,

Water 17.0%, 

Paraffin Oil 5.6%, PIBSA emulsifier 1.4%
	F
	F
	O,O,O
	1.5
	+
	-

	EM5 Ammonium nitrate 66.0%,

Sodium perchlorate 10.0%, Water 17.0%,

Paraffin Oil 5.6%, PIBSA emulsifier 1.4%
	F
	O,O,O
	
	1.0
	+
	-

	EM8 Ammonium nitrate 66.0%,

Potassium perchlorate 10.0%, Water 17.0%,

Paraffin oil 5.6%, PIBSA emulsifier 1.4%
	
	F
	O,O,O
	1.5
	+
	-

	EM7 Ammonium nitrate 67.5%,

Monomethylamine nitrate 10.0%, Water 17.0%,

Paraffin oil 4.1%, PIBSA emulsifier 1.4%
	
	F
	O,O,O
	1.5
	+
	-

	EM9 Ammonium nitrate 67.5%,

Hexamine nitrate10.0%, Water 17.0%,

Paraffin oil 4.1%, PIBSA emulsifier 1.4%
	
	A,F
	O,O,A
	1.5
	+
	-

	EM6 Ammonium nitrate 84.0%,

Water 9.0%,

Paraffin oil 5.6%, PIBSA emulsifier 1.4%
	
	F
	O,O,O
	1.5
	+
	-


Table 3.3. Tests 1(c) (i): Time/pressure test

	Emulsion
	Time to reach maximum pressure

(s)
	Maximum pressure

(kPa)
	Result

	EM1 Ammonium nitrate 76.0%,

Ammonium nitrate 17.0%,

Paraffin Oil 5.6%, PIBSA emulsifier 1.4%
	1.19
	567
	-

	EM5 Ammonium nitrate 66.0%,

Sodium perchlorate 10.0%, Water 17.0%,

Paraffin oil 5.6%, PIBSA emulsifier 1.4%
	0.36
	916
	-

	EM8 Ammonium nitrate 66.0%,

Potassium perchlorate 10.0%, Water 17.0%,

Paraffin oil 5.6%, PIBSA emulsifier 1.4%
	0.44
	303
	-

	EM7 Ammonium nitrate 67.5%,

Monomethylamine nitrate 10.0%, Water 17.0%,

Paraffin oil 4.1%, PIBSA emulsifier 1.4%
	0.28
	729
	-

	EM9 Ammonium nitrate 67.5%, 

Hexamine nitrate 10.0%, Water 17.0%,

Paraffin oil 4.1%, PIBSA emulsifier 1.4%
	0.30
	406
	-

	EM6 Ammonium nitrate 84.0%,

Water 9.0%, 

Paraffin oil 5.6%, PIBSA emulsifier 1.4%
	0.36
	917
	-



Finally Table 3.3 shows the results obtained when applying Test 1(c) (i): Time/pressure Test to the different emulsions. In all cases the test is passed since no emulsion reaches a maximum pressure of 2070 kPa.


Table 3.4 shows a summary of the results obtained in the Series 1 and 2 Tests. The four sample emulsions that contain some perchlorate or amine nitrate (i.e., not included in the definition of Special Provision 309) pass Series 2 tests, and therefore would not be classified in Class 1. In other words, substituting a small amount of ammonium nitrate in a standard emulsion with the additives under study does not modify the nature of the risk of the emulsion in question (EM1).

Table 3.4. Series 1 & 2 Tests.

	Test
	UN Gap
	Koenen
	Time/Pressure
	Series passed
	SP

309

	Series
	1
	2
	1
	2
	1
	2
	
	

	EM1 Ammonium nitrate 76.0%,

Water 17.0%, 

Paraffin oil 5.6%, PIBSA emulsifier 1.4%
	-
	
	+
	-
	-
	
	2
	Yes

	EM5 Ammonium nitrate 66.0%,

Sodium perchlorate 10.0%, Water 17.0%,

Paraffin oil 5.6%, PIBSA emulsifier 1.4%
	-
	
	+
	-
	-
	
	2
	no

	EM8 Ammonium nitrate 66.0%,

Potassium perchlorate 10.0%, Water 17.0%,

Paraffin oil 5.6%, PIBSA emulsifier 1.4%
	-
	
	+
	-
	-
	
	2
	no

	EM7 Ammonium nitrate 67.5%,

Monomethylamine nitrate 10.0%, Water 17.0%,

Paraffin oil 4.1%, PIBSA emulsifier 1.4%
	-
	
	+
	-
	-
	
	2
	no

	EM9 Ammonium nitrate 67.5%,

Hexamine nitrate 10.0%, Water 17.0%,

Paraffin oil 4.1%, PIBSA emulsifier 1.4%
	-
	
	+
	-
	-
	
	2
	no

	EM6 Ammonium nitrate 84.0%,

Water 9.0%,

Paraffin oil 5.6%, PIBSA emulsifier 1.4%
	+
	-
	+
	-
	-
	
	2
	Yes
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