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synthesized triazolium salts

M protic and aprotic triazolium salts
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AMTN: first mentioned in literature 2002 by Greg W. Drake
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definition lonic Liquids (ILs)

+

M consisting entirely of cations and anions
@ without molecular solvent
B mp: < 100 T (definition)

attributed properties:

M electric conductivity

B thermal stability

M very low vapor pressure
M good solvent abilities

® high heat capacity
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history

first lonic Liquids (IL):

B 1888 ethanolammonium nitrate mp: 52-55 C S. Gabriel
B 1914 ethylammonium nitrate mp: 13-14 C P. Walden
R. Rogers
H. Ohno
E. Hurle Y. Chauvin P. Wasserscheid
S. Gabriel P. Walden J.S.Mﬁﬁes K. R. Seddon J. Davis

1850 1900 1950 2000

Y
[cation] CI/ AICI,

since 1996 exponential growth of scientific publications about ILs
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aspects favoring ILs

M organic cation with low structural symmetry
(e.g. asymmetric imidazolium cation)
® weak intermolecular interactions

M anion with diffuse negative charge

® O \
symmetric ‘ ‘ . ‘ .
cation ‘ . . . ‘

%% ° :’;\

lonic solid, e.g. NaCl lonic Liquid

asymmetric
cation
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commercial ILs

all relevant properties are determined by anion AND cation
1018 possible ILs
3000 described in literature

300 commercial available
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results and potential applications

B 4-amino-1-methyl-1,2,4-triazolium perchlorate (AMTP)

AMTP
impact sensitivity [Nm] 7.5 NH>
N
friction sensitivity [N] 64 ( @W
/N—N
melting point [C] +84 Me
decomposition temperature [C] +259

=== component in melt cast formulations

clol

J
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results and potential applications

B 4-amino-1-methyl-1,2,4-triazolium perchlorate (AMTP)
M comparison to TNT

TNT AMTP
melting point [C] 80 84 I}IHZ
empoauras. (92920 LNEEh goP
oxygen balance [%] 74 44 \Me/ y
heat of explosion®!  [J/g] 3766 4096
shock velocitylcl! [m/s] 6886 7287
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ElLs — Energetic lonic Liquids

M requirements for EILSs:

M liquid between

-40 € and +150 €
M energetic
M long-term stable

M insensitive
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results and potential applications

B 4-amino-1-methyl-1,2,4-triazolium nitrate (AMTN)

AMTN
Impact sensitivity [Nm] 15
friction sensitivity [N] 144
glass transition temperature [C] -55
decomposition temperature [C] +259

=== wide operating temperature range
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results and potential applications

B 4-amino-1-methyl-1,2,4-triazolium nitrate (AMTN)

M gelatinization of nitrocellulose (N = 12.6%)

microscopic picture film of NC / AMTN (1:4) transparency of film
of gelatinized NC
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results and potential applications

B 4-amino-1-methyl-1,2,4-triazolium nitrate (AMTN)

B combustion in atmospheric air

0@
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results and potential applications

B 4-amino-1-methyl-1,2,4-triazolium nitrate (AMTN)

B combustion under nitrogen
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no combustion at
lower pressures

pressure [MPa]
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results and potential applications

B 4-amino-1-methyl-1,2,4-triazolium nitrate (AMTN)

100'_ combustion under nitrogen e NH. N NH,
i = AMTN/AMTP N I{I
1 ® AMTN/4-AT
i - a " L
1 & AMTN . _— «@W NO? «@W CIO?
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deflagration of
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pressure [MPa]
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results and potential applications

B 4-amino-1-methyl-1,2 4-triazolium nitrate (AMTN)

.J8 combustion under nitrogen

{1 = AMTN/AMTP
1 e AMTN/4-AT

1| 4 AMTN . " aou®
m | |
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results and potential applications

B 4-amino-1-methyl-1,2 4-triazolium nitrate (AMTN)

J8 combustion under nitrogen

1 = AMTN/AMTP . .

1 o AMTN/4-AT linear regression rate

1l & AMTN . " aom="
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results and potential applications

B 4-amino-1-methyl-1,2,4-triazolium nitrate (AMTN)

B comparison to conventional liquid energetic materials

melting  boiling point  density vapor
point pressure
[Tl [T] [9/cm 9] [kPa]
nitromethane -28 101 1.14 4.8
iIsopropylnitrate -82 100 1.03 3.5
AMTN 556 T, > 200 1.44 < 0.001
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results and potential applications

B 4-amino-1-methyl-1,2,4-triazolium nitrate (AMTN)

B comparison to conventional liquid energetic materials

volume specific Impulse - equilibrium flow - 70:1
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potential high density
powerful propellant

\

~ Fraunhofer

ICT



outlook

performance
thermal stability mechanical sensitivity
freezing point oxygen balance

enthalpy of formation

wide variety of anion and cation combination possibilities

tailoring possible

task specific EILs
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summary and conclusion

ElLs — Energetic lonic Liquids

M relative new research area

M improved physical properties in comparison to conventional
energetic materials

M increased performance possible

M very low toxicity of the vapor phase
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