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The Challenge

RDX Replacements should:
* be less sensitive than RDX

Eumpace =7 35 Firiction= 120 N

impact riction

BAM friction tester

e show an equal or higher performance

D, .. =>9000 ms?, P, > 350 kbar

BAM drophammer

* be less toxic

* be easily available
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Possible Candidates

1. Ammonium dinitroguanidine (ADNQ)

2. Amino-nitro-guanidine (ANG)

3. Diaminouronium nitrate (DAUNO,)

4. Diamino-oxadiazolium 5-aminotetrazolate

5. Triaminoguanidinium dinitriminoazatriazolate
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Ammonium dinitroguanidine (ADNQ)
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Synthesis
NO,
@ 100 % HNO3 + N,Os
NH2 _N
(97:3) \
HoN H,N NO,
S DNQ
NO,
NO, NO,
HN (N H4)2C03 @ N @
> N H4 Ze sch f[l Journ a\ 0[
>:N N\ ZAACCh mlly
\
HoN NO, HoN NO,
ADNQ

T. Altenburg, T. M. Klapotke, A. Penger, J. Stierstorfer, et
Z. Anorg. Allg. Chem. 2010, 636, 463-47 1. e A
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Structure and energetic properties

p=1735gcm3

ADNQ RDX
Formula CHgNgO4 C3HgNgOg
FW / g mol™ 166.09 222.12
IS/ ) 10 7
FS/N 252 120
ESD / 0.4 0.1-0.2
N /% 50.60 37.8
Q/% -9.63 -21.6
Toec. / °C 197 210
p/gem™ 1.735 1.80
AHp° / kimol™ -1.5 70
AU/ k) kg™ 81.0 417
EXPLOS values:
AU /K kgt 5193 6038
Tger / K 3828 4368
Pc; / kbar 327 341
Voer / m s 9066 8906
Vo /Lkg™ 934 793

T. M. Klapotke
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@
NH NH,
N N
ADNQ

¥,

@ Sensitivities, Performance.

Stability in water, Synthesis

A\
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3-Amino-1-nitro-guanidine (ANG)
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Guanidine chemistry

NH, NH;

HoN )\ )\ NO,
W NG M T T W
1-aminoguanidine H,N NH 1-nitroguanidine

guanidine
NH., NH., NH.,

N ) BN

1-amino- 3 nitroguanidine

(ANG) 1,3-dinitroguanidine

1,3-diaminoguanidine
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ANG - Synthesis
NH> NH,
)\ N,H, H,0
\ NOZ > H2N \ N02
HoN N H,0 N N
H
J. A. Castillo-Mendelez, B. T. Golding, Synthesis 2004, 10, 1655-1663.
+
NH» NH, NH»
H2N )\ NOZ H2N )\ N02 H2N )J\ NOZ
\N N/ \N N/ \N N_/
H +H - H
A B C
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Structure and energetic properties

p=1.767gcm3

pat's
R

ANG RDX
Formula CHsN5O, C3HgNgOg
FW / g mol™ 119.08 222.12

IS/ ) 20 7

FS/N 144 120

ESD /) 0.15 0.1-0.2
N /% 58.81 37.8
Q/% -33.6 -21.6
Tpec. / °C 184 210
p/gem™ 1.767 1.80
AiHy°/ k)l mol™ 77 70

AU° ) Kk kg™t 770 417
EXPLOS values:

AU [ K kgt 4934 6038
Taer / K 3436 4368
Pc / kbar 323 341

Voer / M's 8977 8906
V,/Lkg™ 890 793

19.10.2010
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NH,
02N )\ NH2
\N H/

ANG

¥,

Compatibilities?

@ Facile and cheap synthesis, Sensitivities.

A\
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Diaminouronium nitrate (DAU-NO,)

19.10.2010 T. M. Klapotke



LUDWIG-

MAXIMILIJ\_I_‘JS-
I_MU heraalel SCIENCE DRIVEN - | -

Energetic Materials Research

Synthesis
0 0
)k 2NMOH o 1N )J\ NH
2 2
MeO OMe \N N/
H H
DAU
0 O o
)1\ HNO3 (30 % )‘\ o N5
HZN\N N/NH2 3 ( o)> HZN\N N/NH3
H H RT H H
DAUNO,
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04

N5
02

p=1.785gcm3

DAUNO; RDX
Formula CH7N504 C3HgNgOg
FW / g mol™ 153.10 222.12
IS/ ) 9 7

FS/N 288 120

ESD /) 0.6 0.1-0.2
N /% 45.74 37.8
Q/% -15.67 —21.6
Tpec. / °C 242 210
p/gcm>> 1.782 1.80
AHp° / kI mol™ -180 70

AU°/ klkgt 1048 417
EXPLOS5 values:

AU /K kgt 5014 6038
Taer / K 3480 4368
Pc; / kbar 317 341

Vet / m s 8829 8906
V,/ Lkg™ 925 793

T. M. Klapotke
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o
o NO;
@
HaN_ _NH,
N N
H H

DAUNO;

Synthesis, Sensitivities, Thermal stability.

P
e,

.__J_.' Performance

C-
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Diamino-oxadiazolium 5-aminotetrazolate

(DAODH-AT)
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Synthesis

H,N N

NaN(CN), + NH,OH * HCI > =
MeOH, 70 °C, 24 °C / NH,
0]
\N
H,N H,N Ho
2 /N HZSO4 (2 N) /N .
/>—NH2 > / NH; SO4
- -2
Ba?*

N/
H ©
NI N IU\ />7NH2
/>—NH2 ] />7NH2 - N 2
O\N N—

N

DAODH-AT
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Energetic properties

H,N Ho N©
y, NH, || />—NH2
O\ \N
DAODH-AT
p=176gcm3

(gas-pycnometry)

DAODH-AT RDX
Formula C3H7NgO C3HgNgOs
FW /g mol™ 185.15 222.12
IS/ >40 7
FS/N >360 120
ESD /) 1.0 0.1-0.2
N /% 68.09 37.8
Q)% -73.45 -21.6
Tpee. / °C 170 210
p/gcm™ 1.76 1.80
AHm®/ kI mol™ 680 70
AU/ kikg™ 4034 417
EXPLOS values:
—AU° /K kg™ 4034 6038
Taet / K 3719 4368
P, [ kbar 348 341
Voer /m s 9382 8906
Vo/Lkg™ 802 793

T. M. Klapotke
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HZNYH@ N/Ne
>——NH || >7NH2
O\N/ ‘ N\N/

DAODH-AT
¥,

@ Performance, Insensitivity.

Thermal stability, Initiability?

A\
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Triaminoguanidinium

dinitriminoazatriazolate

(TAG,-DNAAT)
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Synthesis

3,5-Diamino-1H-triazole N\NH
[ H2N ® ] 1) 2 AgNO
\NH ) 2 AgNO;
J\ 2) 2 TAG-CI
HoN_ _NH,
O,N N B i

N

N—NH

19.10.2010 T. M. Klapotke 22
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Energetic properties

| ] TAG,-DNAAT RDX
HN Formula CeH20N2404 C3HgNgOg
)‘\ FW /g mol™ 492.38 222.12
Ba e IS/ >40 7
H
. H H Jo N /N02 FS /N >360 120

| >:N ESD /) 1.0 gl 0>
N /% 69.27 37.8
\< Y S Mo Q/ % 58.49 —21.6
I C 212 210

HN—N .
TAG,-DNAAT p/gocm L 1.70 (est.) 1.80
AHp,® / klmol™ 260 70
MU/ kikgt o 2332 417
= -3 EXPLO5 values:
p=170gcm SO e -
(gas-pycnometry) iy s 0038
P¢ / kbar 300 341
Vper. / m st 8890 8906
Vo/Lkg™ 352 793

19.10.2010 T. M. Klapotke
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H
H H
L - N

T

HN—N
i II;I TAG,-DNAAT
" Insensitivity, Thermal stability.
M ' Performance, Synthesis.

J
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The Group and our Partners

L.
TJAT
Bundeswehr

DIEHL

Armament Research,
Development & Engineering GEnte =

il kil A '%"-Siilutiuns for Today and Tomonow
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RDX ADNQ ANG DAUNO, DAODH-AT  TAG,-DNAAT
Formula CiHeNgOg  CHeNgO,  CH:N:O,  CH;N:0,  C3H-N,O CeHooNosO4
FW /g mol™ 222.12 166.09 119.08 153.10 185.15 492.38
57/ 7 10 20 g >40 >40
FS°/N 120 252 144 288 >360 >360
ESD® /) 0.1-0.2 0.4 0.15 0.6 1.0 1.0
N %/ % 37.8 50.60 58.81 45.74 68.09 69.27
O '/% —21.6 -9.63 -33.6 -15.67 -73.45 58.49
ol e 210 197 184 242 170 212
0" /gem™ 1.80 1.735 1.767 1.782 1.76 1.70 (est.)
A,/ kI mol™ 70 -1.5 77 -180 680 260
AU/ K kg™ 417 81.0 770 -1048 4034 2332
EXPLOS values:
AU J Kl kg™ 6038 5193 4934 5014 4034 4681
Toet /K 4368 3828 3436 3480 3719 3213
Py "/ kbar 341 327 323 317 348 300
Ve "/ m's 8906 5066 8977 8829 9382 8890
v,/ Lkg™ 793 934 890 925 802 352

® formula weight; ® impact sensitivity (BAM drophammer, method: 1 of 6); © impact sensitivity (BAM
friction tester, method: 1 of 6); 4 electrical spark sensitivity (OZM small scale electrical discharge
device); ° nitrogen content; * oxygen balance; ®temperature of decomposition; " X-ray density; 'heat
of formation; ' energy of formation; ; energy of explosion; ! explosion temperature; " detonation
pressure (Chapman-Jouguet); " detonation velocity; volume of explosion gases.
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