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Table 1 Comparison of some high energy compounds
density m. p. . CJ VOD impact sensitivity  friction sensitivity ~ CJ pressure detonation heat
compound - appearance /g em™? s¢  hygroscopicity /m ¢k Hyy/cm /% /GPa /K - kg ™!

NTO white 1.93 273 (decompose) - 7951(1.816) 293 >350 Nm 34.9 -
HMX white 1.900 278 No 9100(1.854) 32 100 39.0 5715
RDX white 1.82 203 No 8800(1.786) 26 76 £8 34.7 5736
TNT colorless 1.654 80.9 Less 6928 (1.634) 100 >350 Nm 19.6 5066
GUDN  light yellow 1.755 No No 8210(1.680) > 159 >350 Nm 25.7 -
TATB  orange yellow 1.93 330 No 7606(1.857) > 130 >350 Nm 29.7 2420
CL-20 white 2.035 210 - 9500(2.100) 20 100 43.0 6238
FOX-7  bright yellow 1.878 No - 8870(1.885) 126 >350 Nm 34.0 -

Note: 1) The compounds are crystal. 2) The data in bracket are density,
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Table 2 Compatibility of GUDN

endothermic initial exothermic

materials mass peak decomposition peak
ratio temperature temperature temperature
/°C /°C /°C

GUDN 215.2 218.41

RDX 205.16 209.2 241.56

GUDN/RDX 50: 50 196.10 203.52 225.66

HMX 280.56 285.04

GUDN/HMX 50: 50 210.1 213.78

279.1 283.00

NG + NC 199.02 210.15

GUDN/ NG + NC 50: 50 202.0 208.20

NG + BTTN 173.72 230.38

GUDN/ NG + BTTN 50: 50 190.9 200. 82

PEG 62.14
GUDN/ PEG 60. 86
G, 122.44

C,/GUDN 50: 50 121.93 204.98

AP 242.37 308.06 354.32

GUDN/AP 50: 50 203.17 207.22

238.50 381.24

386.03

Note: NG, nitroglycerine; NC, nitro-cotton; BTTN, butanetriol trinitrate ;

PEG, poly ethylene glycol; C,,dimethyldiphenylurea.
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Table 3 Energy characteristics of some common monopropellants
energetic specific impulse  characteristic velocity burning temperature main products /mol%
materials /N -+ s+ kg’l /m s ! /°C H, N, 0, Cl, HCl H,0 CO, cO
FOX-7 2343.55 1490.5 2526 0.15 0.30 0.20 0.15 0.20
AP 1550.33 990.3 1160 0.10 0.30 0.10 0.10 0.40
ADN 2002.52 1282.6 1827 0.40 0.20 0.40
GUDN 2379.58 1517.6 2407 0.15 0.45 0.20 0.10 0.10

Pe# 4 B8 T GUDN 76 i 0O (CMDB)
HEF ) A RER R PE MRS AR . LAY 50% il
i 9 B 1T o P X 4fE o 7R O 5 ik BE 7, GUDN O
50% Fbi 45 500 M3 SR Oy 42% , fEAR R 3. 8% , HE
4.2% ,JEHEFSF] 5 mm x5 mm x 150 mm fF 4% 245 5%
ARBEILFEK 4,
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Table 4 Burning rate and pressure exponent

of the formulation with GUDN

pressure/ MPa burning rate/mm - s ' pressure exponent
4-6 10.56 - 13.41 0.59
6-8 13.41 -15.58 0.52
8-10 15.58 -17.53 0.53
10 -12 17.53 -19.38 0.55
12-14 19.38 -20.70 0.43
14 -16 20.70 -22.08 0.48
16 - 18 22.08 -23.15 0.40
18 -20 23.15-24.01 0.35
20 -22 24.01 -24.81 0.34

5"l GUDN 1 HMX 43 514 2 % i 300 i 4 3k
IR RER JREMZEES M. NES aTLUE W, D
GUDN iy 5 Jin 750 #) e J7 Ja £ T HMIX, J 32 3 3 45 21
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Mo K R WK GUDN i/ CMDB 4 i 55 114 2 5 1k
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Table 5 Energy, sensitivity and stability
of propellants using GUDN and HMX as additives

weight detonation friction

heat

impact . .
P ¢t burning explosion

additives  ratio _3 sensilivity sensitivity

% ) g,] /g cm Jem % /min  experiment
HMX 50 5055 1.773 - - 70 5 h no deonation
GUDN 50 3783 1.689 26.9 16 45 5 h no deonation

Note: 1) Temperature in test is under 16 °C ; 2) ¢ is time for color change

of methyl-violet test.
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Table 6 Temperature-dependence

of GUDN based gas generating mixture

temperature/ C maximum pressure/MPa t/ms
-35 0.183 39
+20 0.199 34
+385 0.205 28

Note: ¢, time for reaching 90% maximum pressure, ms,
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Table 7 Calculated/measured cylinder streak records

and JWL-parameters

D Pcy A B [
-1 1 R, ®
/m=+s” ' /GPa /GPa GPa /MPa
Cheetah 2.0
BKWC 7835 22.46 1061 7.048 6.796 5.178 1.064 0.385

CXPENIMENt 7966 26.11 666.26 8.1308 6.800 4.55 1.46 0.385

data

Note: Density of GUDN is 1.666 g+ cm ~°.

fAT I A Cheetah $ Ak ~7 A5t 3 R F- 107 30 G 45 %
B WF5E T GUDN K 24 1) T 550 A 1o 1 5 00 3k, I %o
[L T GUDN KRB MR A R (R MK 9) . N
#* 8 LI th, GUDN #F 25 SR XL fE 4 RDX T = 1
TNT, 454 He B feE, A Bl ik s GUDN ¥ 278
BlRE 25 T ARz N
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Table 8 Measured and calculated detonation velocities for GUDN

charge diameter weight  density ~ detonation velocity/m - s -
booster 3
/mm /g /geem measured  calculated
22 PBXNS 10 1.67 no detonation -
52.15 PETN/FO 75 1.66 no detonation -
52.15 PETN/FO 300 1.66 7870 7810
60 (copper plane wave
tube shell lens and 50 g 1. 666 7970 7835

thickness 6 mm) PETN/FO

Note: GUDN is 52.12 mm x52.12 mm, 95% maximum theory density( TMD).

®9 GUDNMEHMHEEEGNITEBEERELER
Table 9 Comparison of calculated explosion performance of

GUDN and other explosives

. density detonation velocity detonation pressure
explosives 3 _

/g cem” /m - s /GPa
TNT 1.65 6900 19.6
RDX 1.81 8940 34.7
GUDN 1.75 8210 25.7
GUDN/TNT(60/40)" 1.71 7650 23.3
RDX/TNT (60/40) 1.74 8050 28.1

Note: 1) It is mass percent.
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Progress in Insensitive High Energetic Materials N-Guanylurea-dinitramide

LEI Yong-peng, YANG Shi-ging, XU Song-lin, ZHANG Tong
( College of Aeronautic and Materials Engineering , National University of Defense Technology, Changsha 410073, China)

Abstract: The physic-chemistry, detonation properties of GUDN ( FOX-12) were reviewed, and its latest applications were intro-

duced in detail. GUDN possesses high energy (approaches RDX) , low sensitivity (approaches TATB) , excellent thermal stability,

non-hygroscopic, cold water insolubility, great gas production and innocuous. Moreover, GUDN is compatible with usual additives

used for energetic materials. It is expected that GUDN is applicable in propellant, gas generating composition and insensitivity ex-

plosive with a broad prospect.
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