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Abstract: Erythritol tetranitrate (ETN) is a low melting, solid, nitrate ester 
with significant explosive properties.  The increased availability of its precursor 
(erythritol), which is now used as a sweetener, has attracted attention to the possible 
misuse of ETN as an improvised explosive.  However, ETN also has some potential 
to be used as a component of military explosives or propellants.  This article focuses 
on the properties of melt-cast ETN.  The sensitivity of the compound towards 
impact and friction was tested.  The explosive performance was evaluated, based on 
cylinder expansion tests and detonation velocity measurements.  The impact energy 
and friction force required for 50% probability of initiation was 3.79 J and 47.7 N, 
respectively.  A Gurney velocity value of G = 2771 m·s−1 and a detonation velocity of 
8027 m·s−1 at a charge density of 1.700 g·cm−3, were found for the melt-cast material.  
The sensitivity characteristics of melt-cast ETN does not differ significantly from 
either literature values or the authors’ data measured using the crystalline material.  
The explosive performance properties were found to be close to those of PETN.

Keywords: sensitivity, detonation velocity, melt-cast, erythritol tetranitrate, 
Gurney velocity

1 Introduction

Erythritol tetranitrate (ETN) is a solid, four-carbon unbranched ester of nitric 
acid, structurally similar to the two-carbon ethyleneglycol dinitrate and the 
three-carbon nitroglycerine.  Although ETN is an easily synthesized powerful 
explosive, it has not really attracted the attention of scientists as a useful 
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explosive [1], the high cost of erythritol, a necessary starting material for ETN, 
being one of the main reasons for this lack of interest.  Early books in the field 
of explosives simply mention its basic explosive parameters [2-4].  However 
new technology for erythritol production has been developed recently [5] and the 
price of erythritol has thus been significantly reduced.  The consequent current 
availability and affordability of erythritol has led to recent extensive research 
into the explosive properties of ETN. 

The first paper was published by Oxley et al. [6], who presented some 
analytical and thermoanalytical data for ETN.  Manner et al. [7] focused on 
analytical data and the influence of crystal morphology on the sensitivity of 
ETN to mechanical stimuli.  Our research group investigated the fundamental 
physical properties of ETN [1] and recently some analytical properties of ETN [8].  
Yan et al. [9] studied the thermal behaviour and decomposition kinetics of pure 
ETN and its mixtures with both pentaerythritol tetranitrate (PETN) and hexogen 
(1,3,5-trinitro-1,3,5-triazinane, RDX).  We also investigated the explosive 
properties of mixtures based on ammonium nitrate sensitized with erythritol 
tetranitrate [10].  Manner et al. recently reported the detonation parameters of 
pressed ETN, determined by cylinder expansion tests [11].

All of the studies on the explosive properties of ETN have focused on 
the crystalline material, in the form in which it is obtained from synthesis or 
recrystallization.  ETN is a compound with a low melting point, 61 °C [2, 3], 
substantially lower than the temperature at which exothermic decomposition occurs 
(158 °C) [9].  This significant difference between the melting and decomposition 
temperatures allows ETN to be melt-cast.  To the best of our knowledge, the 
properties of melt-cast ETN have not been published before, and therefore we 
have focused on research into the sensitivity and performance of melt-cast ETN.

2 Materials and Methods

Caution: No problems have occurred during the synthesis and handling of 
erythritol tetranitrate, but the material is still an explosive.  Laboratories and 
personnel should be properly prepared and safety equipment such as protective 
gloves, shields, and ear plugs should be used, even when working with small 
quantities of this substance.

2.1 Materials
Erythritol tetranitrate was prepared according to the method patented by 
Bergeim [12] and recently described in detail [10].  Erythritol (meso form − 
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(2R,3S)-butane-1,2,3,4-tetraol), with a declared purity of 99.5%, was obtained 
from a local pharmacy (trade name Extra-linie).  Other chemicals used were of 
analytical purity (p.a.).  The ETN was recrystallized from ethanol and resulted in 
a crystalline powder consisting of needle-like crystals of average length 230 μm 
and a length to width ratio of 6.5.  The product analysis, yield, crystal size and 
shape of ETN have already been described in detail in our previous work [1].  
Melt-cast ETN samples were prepared in the form of small pellets by dropping 
molten ETN onto a cold tile – the appearance of the samples is shown in Figure 1.

Figure 1. Shape and size of crystalline ETN (left) and melt-cast ETN pellets 
(right).  The fine-scale divisions are in millimeters

Figure 2. Cross-sections of the measurement arrangements: detonation velocity 
(left) and cylinder test (right) 
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Mercury fulminate (MF), pentaerythritol tetranitrate (PETN) and hexogen 
(RDX) were used as reference explosives for comparisons with ETN’s sensitivity.  
The preparation of brown mercury fulminate, its crystal size and shape have 
been published in our previous paper [13].  PETN, with particles smaller than 
200 µm, was provided by Explosia a. s. (Czech Republic) under the trade name 
“Pentrit NS”, and RDX was sourced from Chemko Strazske (Slovakia).

2.2 Impact sensitivity
Impact sensitivities were measured using a Kast fall hammer, produced by OZM 
Research, as were the pistons (BFH-SR) and cylinders (BFH-SC).  A 0.5 kg 
hammer was used for MF, a 1 kg one for PETN and ETN, and a 2 kg hammer 
for RDX.  Probit analysis [14] was used for the evaluation of the data and for 
the construction of sensitivity curves.  Each sample was tested at five energy 
levels with fifteen trials at each level.  One pellet of ETN with weight ~20 mg 
was used for each trial.  Crystalline ETN and other explosives were used in the 
powdered state in volumes of 40 mm3 for each trial.

2.3 Friction sensitivity
Sensitivity to friction was determined using an FKSM-08 BAM device supplied 
by OZM Research. BFST-Pt-100S type test plates and BFST-Pn-200 pestles 
were used, all produced by OZM Research.  Each sample was measured at five 
energy levels with fifteen trials at each level.  Probit analysis was again used for 
evaluation of the data obtained and for the construction of sensitivity curves.  
Melt-cast ETN samples were prepared by directly dropping of molten ETN onto 
a rough test plate and allowed to solidify.  Other explosives were used in their 
crystalline state.

2.4 Gurney velocity
Four reduced scale cylinder tests were performed to determine the Gurney 
velocity of melt-cast ETN.  Copper tubes, 200 mm in length, with a 15 mm 
internal diameter and a wall thickness of 1.4 mm, were used.  The exact 
dimensions of the tubes were measured within 0.01 mm accuracy to produce 
the actual metal to explosive mass (M/C) ratio.  The tubes in a vertical position 
were gradually filled with molten ETN at 75 °C to obtain homogeneous charges 
without cavities.  The final charge densities were 1.700 ± 0.003 g·cm−3.  The 
expansion of the tubes was recorded photographically using a UHSi 12/24 
high-speed framing camera (Invisible Vision).  Back lighting was provided by 
an argon flash bomb.  The expanding wall velocities were measured by a first 
generation photonic Doppler velocimeter (PDV, prototype device produced by 
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OZM Research) with three active channels and bare fibre probes [15].  Original 
voltage-time oscilloscope records were evaluated using short-time Fourier 
transform (STFT) in a MATLAB based software to obtain the velocity vs. time 
profiles in a way which is described in detail in [16].  The PDV probes were fixed 
in positions of about 120 mm, 135 mm and 150 mm from the upper end of the 
tube with the probes’ axes angled to the copper surface normal by 5° towards 
the detonator.  The distance of the probes from the cylinder surface was kept at 
11.5 mm, which allowed undisturbed observation of a seven-fold cylinder volume 
expansion (V/V0

 ≈ 7).  The wall velocity at V/V0
 ≈ 7 is sometimes referred to as 

the terminal velocity (v) in the case of the standard copper cylinder test, with 
reference values available in the literature [17-19].  Using the terminal expansion 
velocity, the Gurney velocity (G) for ETN was calculated according to the Gurney 
equation for cylindrical charges [20]:
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2.5 Detonation velocity
The detonation velocity of erythritol tetranitrate was measured using ionization 
probes and a digital oscilloscope.  The ionization probes were prepared from 
0.1 mm twisted copper wire.  Four charges of erythritol tetranitrate were prepared 
by filling polypropylene tubes having an internal diameter of 16.6 mm and wall 
thickness of 4.2 mm.  Two of these tubes were filled by careful hand pressing of 
ETN crystalline powder, which resulted in charge densities of 0.83 g·cm−3 and 
0.86 g·cm−3.  Fine powder was added in small increments in order to achieve 
a regular density distribution along the charge.  The remaining two tubes were 
filled with molten ETN, in the same way as for the cylinder test charges, and 
resulted in  charge densities of 1.64 g·cm−3 and 1.66 g·cm−3.

The detonation velocity was also measured in four cylinder expansion tests 
using the fibre optical probe method (FOP) [21].  The probes were prepared by 
perpendicular drilling of 8 holes with a diameter of 0.3 mm into a plastic optical 
fibre with 1 mm core diameter and 2.2 mm outer diameter.  The FOP was inserted 
into the last 40 mm of the charge parallel with the charge axis.  Air cavities in 
the holes are compressed by the passing detonation wave which causes them to 
produce a bright flash of light.  The light signal is transported by the fibre to an 
optoelectronic receiver and is then recorded by a digital oscilloscope.  A typical 
raw signal and the data evaluation methods are presented in Figure 3.
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Figure 3. FOP raw signal and detonation velocity evaluation.  The peak times 
taken from the raw signals are plotted against the positions of the 
holes.  The slope of the regression line is the velocity of detonation 
(mm·µs−1) 

2.6 Calculation of detonation parameters
The detonation parameters of ETN were calculated using the Explo5 V6.03 
thermochemical code.  The semi-empirical Becker-Kistiakowsky-Wilson (BKW) 
equation of state was used with the BKWN set of parameters as follows (α = 0.5; 
β = 0.38; κ = 9.32; θ = 4120), which is useful for thermochemical calculations of 
the properties of high explosives in a wide range of densities [22, 23].

3 Results and Discussion 

3.1 Sensitivity to mechanical stimuli
The impact sensitivity of ETN was evaluated using probit analysis [14].  The 
resulting sensitivity curves for crystalline and melt cast ETN are presented in 
Figure 4.  We compared the friction sensitivity of ETN with the sensitivities of 
MF, PETN and RDX (using the same method).  The values for 50% probability 
of initiation (taken from the sensitivity curves) for all of the explosives measured 
are summarized in Table 1. 
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Figure 4. Comparison of the impact sensitivity of ETN with that of MF, PETN 
and RDX

The form of ETN does not significantly affect the sensitivity to impact.  
Crystalline ETN is only slightly more sensitive than melt-cast ETN.  The impact 
sensitivity of ETN is about the same as that of PETN and higher than that of 
RDX.  A similar result for crystalline ETN was obtained by Oxley et al. [6], while 
Manner et al. [7] reported an impact sensitivity for crystalline ETN nearly twice 
as high as that for PETN.  However, our absolute values differ from the values 
obtained by Oxley et al. [6] and Manner et al. [7].  This can be explained by the 
use of a different apparatus and evaluation method.  Consequently, our sensitivity 
data for the reference explosives are also shown for comparison.

Table 1. Sensitivity to impact and friction
Impact energy for 50% 

probability of initiation [J]
Friction force for 50% 

probability of initiation [N]
MF 0.62 5.3
ETN (crystalline) 3.28 38.9
ETN (melt-cast) 3.79 47.7
PETN 3.93 75.1
RDX 6.94 127

The values of the impact sensitivity for the reference explosives (PETN and 
RDX) in this study differ significantly from our previously published data [24].  
The probable reason for this difference is the use of older types of pistons and 
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cylinders in the earlier measurements.  Older types of pistons and cylinders were 
out of the range of the diameter tolerance demanded by today’s use of STANAG 
4489.  Other conditions of measurement, methodology and measuring apparatus 
were the same as in our earlier study.

The friction sensitivity was also evaluated using probit analysis.  The 
resulting sensitivity curves for crystalline and melt-cast ETN are presented in 
Figure 5 and the values for 50% probability of initiation (taken from the sensitivity 
curves) for all of the explosives are summarized in Table 1.

Figure 5. Comparison of the friction sensitivity of ETN with that of MF, PETN 
and RDX

The form of ETN does not have a significant effect on its friction sensitivity.  
The experiments showed that the friction sensitivity of melt-cast ETN is slightly 
higher than that of crystalline ETN.  The sensitivities of both forms of ETN 
exceed the sensitivity of PETN.  The result for crystalline ETN is in agreement 
with the friction sensitivity previously published by Manner et al. [7]. 

3.2 Explosive properties
Copper tube cylinder expansion tests were performed to characterize the metal 
accelerating ability of melt-cast ETN.  A wall velocity for ETN of 1694 ± 8 m·s−1 
(V/V0

 = 7; density 1.700 ± 0.003 g·cm−3) was obtained using cylinder tests, as the 
average of 11 available results from the total number of 12 PDV probes.  The 
resulting standard deviation corresponds to a 0.5% variability of results, which 
is caused by slight variations in the cylinder dimensions and the materials’ 
lack of homogeneity. The average Gurney velocity value, G = 2771 ± 8 m·s−1, 
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was calculated from the Gurney equation using the measured wall velocity.  In 
this case, the variability of the results is only 0.3%, partly because the slight 
differences in tube dimensions were taken into account in the calculation.  For 
comparison, the wall velocity data presented for the two cylinder tests on 
pressed ETN were extracted from Figure 2 in [11] and the corresponding Gurney 
velocities for V/V0

 = 7 were calculated.  These results differ from ours by less 
than 1.5%.  The wall velocity profiles and tube expansions obtained by the three 
PDV probes in one of the cylinder tests, are shown in Figure 6.  The shadow 
photographs of the expanding charge casing show that some ruptures appeared 
at V/V0

 = 6.5, but none of them influenced the signal of the PDV probes.  It can 
be seen that the expansion of the tubes was fairly symmetrical (Figure 7).

Figure 6. Example of the wall velocity and expansion profiles obtained by 
a cylinder expansion test of melt-cast ETN

The detonation parameters for pressed ETN have been published recently 
[11].  The detonation velocities of crystalline hand-pressed ETN and melt-cast 
ETN were measured at a charge diameter of about 16 mm, which should be 
enough to exclude diameter effects according to [11].  The peak detonation 
velocity of 8027 ± 27 m·s−1 at a charge density of 1.700 ± 0.003 g·cm−3 was 
determined in four cylinder expansion tests.  All of the measured values are 
summarized in Table 2, where the available values are compared with the 
literature data for PETN [26] and the values of ETN and PETN computed using 
the Explo5 thermochemical code.  Both measured and calculated detonation 
velocities of ETN at high densities are 1% lower than those for PETN.  The 
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observed values are in agreement with Manner et al. [11], with the differences 
being lower than 1% at the same densities.

Figure 7. High-speed camera shadow photographs of the expanding cylindrical 
charge (overall on the left and a detailed view on the right)

Table 2. Detonation velocities of ETN.  All values are rounded to the nearest ten
Detonation velocity [m·s−1] 

Density [g·cm−3] 0.83 0.86 1.65 1.70
ETN experimental 4420a 4630a 7940b 8030b

ETN calculated 4800 4900 7890 8100
PETN [26] 4890 5000 7930 8110
PETN calculated 5040 5150 7970 8150

a hand-pressed crystalline powder
b melt-cast

4 Conclusions

The sensitivity and performance properties of erythritol tetranitrate were 
determined for powdered and melt-cast material.  Probability curves, which 
describe the sensitivity of ETN towards impact and friction, were measured and 
compared with those of well-known explosives.  The frictional force required for 
ETN initiation was found to be nearly half of that required for PETN.  However, 
no significant difference was found between powdered and melt-cast material.  
The Gurney velocity and detonation velocity of melt-cast ETN were found to 
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agree with the literature values of pressed samples at similar densities.  The 
detonation velocity of melt-cast ETN was found to be 1% lower than that of 
PETN at the same density.

Acknowledgement
This work was supported by the Technology Agency of the Czech Republic 
under Project No. TA02010923.

References
 
 [1] Matyáš, R.; Künzel, M.; Růžička, A.; Knotek, P.; Vodochodský, O.  Characterization 

of Erythritol Tetranitrate Physical Properties. Propellants Explos. Pyrotech. 2015, 
40: 185-188.

 [2] Fedoroff, B. T.; Sheffield, O. E.  Encyclopedia of Explosives and Related Items. 
Vol. 5., Picatinny Arsenal, New Jersey 1972.

 [3] Naoúm, P.  Nitroglycerine and Nitroglycerine Explosives. The Williams & Wilkins 
Co., Baltimore 1928.

 [4] Urbański, T.  Chemistry and Technology of Explosives. Vol. II., PWN − Polish 
Scientific Publisher, Warsaw 1965.

 [5] Moon, H. J.; Jeya, M.; Kim, I. W.; Lee, J. K.  Biotechnological Production of 
Erythritol and Its Applications. Appl. Microbiol. Biotechnol. 2010, 86: 1017-1025.

 [6] Oxley, J. C.; Smith, J. L.; Brady, J. E.; Brown, A. C.  Characterization and Analysis 
of Tetranitrate Esters. Propellants Explos. Pyrotech. 2012, 37: 24-39.

 [7] Manner, V. W.; Tappan, B. C.; Scott, B. L.; Preston, D. N.; Brown, G. W.  Crystal 
Structure, Packing Analysis, and Structural-Sensitivity Correlations of Erythritol 
Tetranitrate. Cryst. Growth Des. 2014, 14: 6154-6160.

 [8] Matyáš, R.; Lyčka, A.; Jirásko, R.; Jalový, Z.; Maixner, J.; Mišková, L.; Künzel, M.  
Analytical Characterization of Erythritol Tetranitrate (ETN), an Improvised 
Explosive. J. Forensic Sci. 2016, 61(3): 759-764.

 [9] Yan, Q.-L.; Künzel, M.; Zeman, S.; Svoboda, R.; Bartošková, M.  The Effect of 
Molecular Structure on Thermal Stability, Decomposition Kinetics and Reaction 
Models of Nitric Esters. Thermochim. Acta 2013, 566: 137-148.

 [10] Künzel, M.; Němec, O.; Matyáš, R.  Erythritol Tetranitrate in Ammonium Nitrate 
Based Explosives. Cent. Eur. J. Energ. Mater. 2013, 10(3): 351-358.

 [11] Manner, V. W.; Preston, D. N.; Tappan, B. C.; Sander, V. E.; Brown, G. W.; 
Hartline, E.; Jensen, B.  Explosive Performance Properties of Erythritol Tetranitrate 
(ETN). Propellants Explos. Pyrotech. 2015, 40: 460-462.

 [12] Bergeim, F. H.  Production of Erythritol Tetranitrate. Patent US 1691954, 1928.
 [13] Matyáš, R.; Šelešovský, J.; Musil, T.  Sensitivity to Friction for Primary Explosives. 

J. Hazard. Mater. 2012, 213-214: 236-241.
 [14] Šelešovský, J.; Pachman, J.  Probit Analysis – a Promising Tool for Evaluation of 



429Explosive Properties of Melt Cast Erythritol Tetranitrate (ETN)

Copyright © 2017 Institute of Industrial Organic Chemistry, Poland

Explosive’s Sensitivity. Cent. Eur. J. Energ. Mater. 2010, 7(3): 269-277.
 [15] Strand, T.; Goosman, D. R.; Martinez, C.; Whitworth, T. L.; Kuhlow, W. W.  

Compact System for High-speed Velocimetry Using Heterodyne Techniques. Rev. 
Sci. Instrum. 2006, 77: 083108.

 [16] Pachman, J.; Künzel, M.; Němec, O.; Bland, S.  Characterization of Al Plate 
Acceleration by Low Power Photonic Doppler Velocimetry (PDV).  40th 
International Pyrotechnics Society Seminar, Colorado Springs, USA 2014.

 [17] Hornberg, H.; Volk, F.  The Cylinder Test in the Context of Physical Detonation 
Measurement Methods. Propellants Explos. Pyrotech. 1989, 14(5): 119-211.

 [18] Rumchik, C. G.; Nep, R.; Butler, G. C.; Breaux, B.; Lindsay, C. M.  The 
Miniaturization and Reproducibility of the Cylinder Expansion Test. 17th American 
Physical Society Shock Compression of Condensed Matter Conference, Chicago, 
AIP Press. 2011, 450-453.

 [19] Reaugh, J. E.; Souers, P. C.  A Constant-Density Gurney Approach to the Cylinder 
Test. Propellants Explos. Pyrotech. 2004, 29(2): 124-128.

 [20] Gurney, R. W.  The Initial Velocities of Fragments from Bombs, Shells, Grenades. 
Report No. 405, Ballistic Research Laboratories, Aberdeen, USA 1943.

 [21] Prinse, W. C.; Esveld, L.; Oostdam, R.; Roojien, M.; Bouma, R.  Fibre-Optical 
Techniques for Measuring Various Properties of Shock Waves.  23rd International 
Congress on High-Speed Photography and Photonics, Moscow, Russia 1998.

 [22] Sućeska, M.; Ang, H. G.; Chan, H. Y. S.  Study of the Effect of Covolumes in BKW 
Equation of State on Detonation Properties of CHNO Explosives. Propellants 
Explos. Pyrotech. 2010, 35(1): 103-112.

 [23] Sućeska, M.  Explo5 Version 6.03/2016 User’s Guide. OZM Research, Hrochův Týnec, 
Czech Republic 2016.

 [24] Musil, T.; Matyáš, R.; Lyčka, A.; Růžička, A.  Characterization of 4,6-Diazido-N-
nitro-1,3,5-triazine-2-amine. Propellants Explos. Pyrotech. 2012, 37: 275-281.

 [25] Tomlinson, W. R.; Sheffield, O. E.  Engineering Design Handbook. Explosive 
Series of Properties Explosives of Military Interest, Report AMCP 706-177, US 
Army: Washington D.C. 1971, pp. 233, 276.

 [26] Price, D.  The Detonation Velocity − Loading Density Relation for Selected 
Explosives and Mixtures of Explosives. NSWC TR 82-298, Naval Surface Weapons 
Center, Dahlgren, Virginia, USA 1982.


