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Fig. 1 Theoretical rocket performance of composite
propellants

ok Hiz, REEEORSL S LHALELEFATDH
3L8425,

2. BBRXE

2.1 S&RHNF
SEM-7-HNFiz, e XTERLtY TAMS
RI:FHREHOpD LD TH S,

2.2 BERH

2.2.1 R&ELURRIN
SRHNFOIRG iz, BASEITELENFT-IR
%, THF iz, HeraeustE TR HrisR o Ay 1,

2.2.2 BARCLIAN
HNFiz, R2icRTEo5ICe K322}



N O,

I
HC — INO:

|

N O,
Fig. 2 Structure of HNF

H, NINH, -

HNF 0.5g

[«——— Ethanol 20cc

HiS04 lecc
Insoluble Soluble
)
Ethanol GC-MS Analysis
Insoluble Soluble
3
IR Analysis

Fig. 3 Flow chart for analysis

vy iDETHY, BEEHEE LTIEELLL
b, ThERDOWBEXENT5C Lz L Y EiERE
iT-t, K31k, ERFCFETHHELRLIY
DT, BEEEACT=2/ -AZWED= v 28y
LB V7S FIZBLL, ¥, ¥R 75
7 (GC) #HEix, YokogawaBlHP5890 T, # F &4
GC Sciences Inc.BITC—1(0.25emg X 60m ) Z L+, 50
~200CCRBAFHEC L~ 12, T, BRGH
(MS) (2YokogawaBHP59720 MR IR Bt o 4734
1/ : LIS <

2.3 B

bR L LT, EHE, MM ovTHIE LA,
WL, HE~y 7= v (B WNBREEGUEREE, 8
Fean B E AT AT B+ v <~ARH Y Th &
HEV T, 27, BEEHTG-DTARRIC X b #Andik
Hae Wi,

&bz, HNFOREE, HIU0—-REFACHTS
BRIV TLER YT -1,

2.4 WRIBEE
HNFORESRE, FHEEE, RXS5IUVRETERE
IBARRERB e E DRUREREIZ SV TR 2T » 720 ¥,
RBH AL JISKLSI0 35 L VK FEF LB » TH

12,

—100—

Table 1 Propellant formulation

Binder
. HNF
HTPB | IPDI | Bonding | piasticizer
19.0 | 1.5 0.7 3.8 75

HTPB/OH=0.9

LI B B Bty SR A DO N NN BN S B D N NN BN I B BN

€96>

TRANSMITTANCE
s -

T RN BT
4900 2000

WAVE NUMBER (ocm™

Fig. 4 IR spectrum of HNF
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Table 2 Elemental Analysis of HNF (%)
C H N

6.56 | 2.73 | 38.25

6.74 2.84 | 37.68

Theoretical Value

Experimental Value
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Fig. 7 Mass spectrum of soluble contents in
ethanol (El Method)
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Fig. 6 Gas chromatogram of soluble contents in ethanol
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Fig. 8 Mass spectrum of soluble contents in
ethanol (Cl Method)
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Table 3 Physicochemical properties of HNF

Density 1.83g /cc (at 20C)
Heat of combustion 6.14k)/ g
ToTa 130C
Tpra:Onset temperature
TG in air
B Heating rate:10°C /min _
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Fig. 9 DTA and TG results of HNF
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Table 5 Evaluation for safety of HNF

Friction sensitivity class 3

Impact sensitivity class 3
Ignition temperature 154C
Detonation test Det.
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Table 4 Solubility of HNF
Water Methanol Ethanol Ethyl acetate Aceton
Readily soluble Readily soluble Soluble Partially Soluble Reaction
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Table 6 Evaluation for safety of HNF propellant
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Fig. 11 IR spectra of HNF/IPDI
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Fig. 12 DTA and TG results of HNF propellant
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Physical and chemical properties of HNF

by Toshiyuki ANAN*and Tadamasa HARADA*

Hydrazinium Nitroformate(HNF) has been recently studied in foreign countries as the
oxidizer of the propellants and explosives in order to improve the burning characteristics of
them. HNF has three nitro groups with much energy in a molecule and is a halogen-free

compound in contrast with ammeonium perchlorate{(AP).
In the paper, chemical structures of the obtained HNF were confirmed by the analysis

of infrared spectra, mass spectra and gas chromatogram. Furthermore, physical proper-
ties(e. g. solubilities to several solvents, density and hygroscopicity), thermal decomposi-
tion properties and impact sensitivities of HNF were discussed. Finally, small amount of
HNF/HTPB propellants was prepared and evaluated for the practical use.

The conclusions are as follows:HNF was Dmore sensitive than AP, @detonated by
detonator, and @decomposed with three step above 131 C. HNF/HTPB propellant ignited

spontaneously during aging at room temperature.

(*Propellant Group, Propellants and Explosives Division, Asahi Chemical In-
dustry Co., Ltd. 2620 Qaza—sato, Oita—city, Oita 870—03, Japan)




