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Abstract

In order to use the liquid rocket fuel, 1,5-diamino-4-methyltetrazolium azide, [DMT]'[Ns]~ and
1,5-diamino-4-methyltetrazolium cyanide, [DMT]'[CN]~ were synthesized and prepared the ionic liquid rocket fuel
after dissolving the synthesized solid-type energetic chemicals in hydrazine, respectively. The thermal decomposition
temperatures(Ty) and densities(d) of the prepared ionic liquid rocket fuels were about 200 °C and above 1.0 g/cm’
respectively. The ignition delay times(I4) of the ionic liqud rock fuels with [DMT]'[N;]~ and [DMT][CN]™ were
in a range of 26.6 - 82.5 ms and the 44.0 - 98.5 ms, respectively. These results mean that the synthesized
tetrazolium salts could be used as an ionic liquid rocket fuels. The viscosities of the ionic liqud rock fuels with
[DMT]'[Ns]” and [DMT]CN] ", which were dissolved in mixture solution of hydrazine/2-hydroxyethylhydrazine
were to be 1.34 - 101 cP, and 1.29 - 80.5 cP, respectively. The synthesized ionic liquid rocket fuels in this study
could be used as rocket fuel because the [I4(100 ms or less), Tg(150 °C or more), d(1.00 g/em® or more), and n
(40.0~ 100 cP)] were achieved to satisfy the range of the used liquid rocket fuels.
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Sodium  azide, sodium cyanide, iodomethane,
2-hydroxyethylhydrazine, hydrogen peroxide, molecular
sievest= SIGMA-ALDRICHO|A] —-uljale] AF-g-3}GiT).
Acetonitrile, diethylether, hydrazine monohydrate, cyanogen
bromide:= 4HPdA]eFol A FullEFAt}. %% hydrogen
peroxide(90 % ©1’d)= & ATAoA Azt ARE-st
St} Hydrazine monohydrate™= molecular sieves, 4 A,
3.2 mm pelletS ©]-&3te] FrERE A FAHH
9 'H-NMR(Inova 600, Varian, USA), FT-IR(Frontier,
PerkinElmer, USA), DSC(DSC 204 F1, NETZSCH,
Germany), 2 =7|(Explorer Pro, MCIK, Korea), Z3.F
7}l EHHDC-F340, COMART SYSTEM, Korea)2.2 %
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2.2 1,5—diamino—4—methyltetrazolium azide and
cyanide, ([DMTI*[N;]7) 2 ([DMTI*[CN])<
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1.5-Dimnoetrazole (DAT) 1,4-Diamine-4-methyletrazoliom iodide ([DMT] 1] [DMITX]

N

Fig. 1. Schematic synthesis of [DMT]*[Ns] 2}

[DMT][CN]”
2.2.1 1,5-diaminotetrazole (DAT)2| &

Fig. 1] DATY] 34 Wge Zde Hzxste] 3
Aty Al A 92 Two-neck round bottomed flask
o sodium azide(2.60 g, 40.0 mmol)S Hil HA gl
W7 methanolZ flask J5F-& F3+2 YA AT HA,
acetonitrile(20 mL)°ll cyanogen bromide(1.06 g, 10.0



mmol)S &3MAIZ §NE syringe2 H7Fstar 3A17E
ek wk AAT AAE NaBr Agol#E 33
A A% L, thA] two-neck round bottomed flaskel] <
HAE Ya YAAAFHA  hydrazine monohydrate
(0.10 g, 2.0 mmol)Z syringe® HZ3] H7}sta 343k
0 WA ZIth A" AN gy E Ayl v
diethylether®™ ~ Z3]  AojWl oy HxA7|H

1,5-diaminotetrazole®] BT AATHTE 85 %).

2.2.2 [DMTI[IT7el &M

[DMT]Jr[I]*g] ?;5:]1-}-1 Hlﬂd% %6}[13% zlzo].o:] TSLH
3}tk Two-neck  round  bottomed  flaskell
1,5-diaminotetrazole(1.5 g, 15 mmol)¥} acetonitrile(50 mL)
E Y3 X3 &9 AA purges AlATH olF
iodomethane(6.4 mL, 90 mmol)= syringe2 #7}8}al
80 °CollA] 14417t &<t WREAIZITE, A4 E-2 evaporator
& ©°]83}9] acetonitriles AAT T Y
diethylether Wil 14T o] WWHA|A & Tha &
< WML diethylether® 3] AASHH [DMT]IT],
7 e AATHEE 92 %).

2.2.3 1,5-diamino—4—methyltetrazolium salts O
mA=i-les
[DMT]TI]” ¢} sodium azide 1:19] SH|2 A0

S acetonitrile® 718t 3 F AFoA

oA sk
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oF &2 o s FASIATHTE 83 %)

2.2.4 [DMT]'[1]- SME7t

A" DMTITI Y %3 EAEL 'H-NMR¥}
FT-IIRE A}83}e] Elslgith. 'HNMRS A|2E
DMSO-dsoll &38j217 A3 aL, FT-IRS A|&2 KBr
o] EFFAIA pellet FENE 7 201 ZAsieinh 944 &5
JH7V= DSCE ARE3te] AA71A stellA 5 °C/min
9 SEEE F8 40 °ColA 300 °C7HA] SAHIFA

t} Fig. 2014 5% EEAE o] 88 H3A| A
T FEE 2 7}131137& 23 143178900 SEw
A Bt IS, AEE T YeEE A
e olgstel 57 }Oﬂu}

= T Starting line
At

Ending line

At
Viscosity () = A;"‘“‘m" (at 25 °C)
water

Fig. 2. The measurement of viscosity and ignition
delay time designed by using micro ball and
high speed camera

a2 DMSO

A /o DMSO

Fig. 4. "H-NMR spectrum of the [DMT]*[1]
Fig. 32 1,5-diaminotetrazole®] 'H-NMR | EHS

YERN I ltk -NHO| 471¢] G43]0]a7} 6.4 ppm
F-toll Al singlet YEFUFA]  1,5-diaminotetrazole”} A3
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Fig. 6. DSC curve of the solid state [DMT]*[Ns]~
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Fig. 7. DSC curve of the solid state [DMT]*[CN]™
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Fig. 8. DSC curve of the 0.2 g/mL [DMT]*[Ns]~
dissolved in hydrazine
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Fig. 9. DSC curve of the 0.2 g/mL [DMT]*[CN]~
dissolved in hydrazine
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Table 1. Physical and chemical properties of the
synthesized [DMT]'[X]™ obtained from
experimental
Igm T pld AH
No Energetic salts - h
(°C) (°C) (g/em?) (J/g)
1 [DMTT N5 6344  197.10 147 411.10
2 [DMTJ[CNT 66.95  182.50 1.40 685.70
3 [DMTT N5 N/A 213.20 1.18 272.20
4 [DMT]*[CNT N/Ald 21110 1.17 352.50

Energetic salts 3 and 4 were dissolved in hydrazine (1 g : 5 mL ratio). Ignition delay time
was detonated with HyO,. [a] Glass transition temperature. [b] Decomposition temperature
. [c] Density (at 25 °C). [d] Enthalpy of reaction. [¢] ‘N/A’ means that the ignition delay
time cannot be measured.
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S ARESt] g mevA sHER] [DMTINs] ™
o} [DMIT[CN]” &84 5455 AlLls vlojeEo]
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Table 2. Computational data of the synthesized
energetic [DMT]*[X]™ by Gaussian09(G2
method)
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Table 3. Ignition delay times and viscosities of rocket
fuels as function of concentration of the

[DMTI*[Ns]™ and [DMTI*[CN]™ in hydrazine

[DMT] N [DMT][CN}

ctl
(gL

D
(1s)

ctl
(g/L)

(ms)

3 Tl

0100 | NA® | 129 0.100 8246 | 124 1.4

0.125 9853 | 133 133 13 0.125 8036 | 129 119 120 125

0.150 8072 | 124 124 133 127 | (0150 6954 | 124 124 129 125

0.175 5870 | 129 138 129 132 | 0175 5590 | 129 129 124 117

0.200 4403 | 143 138 138 140 | 0.200 2655 | 152 133 133 140

Oxidizer is 90% hydrogen peroxide. [] Concentration of the energetic salt for hydrazine. [b] Iguition delay tme. [c] Viscosity for
misture at 25 °C. [d] Average. [e] N/A" means that the ignition delay time camnot be measured

Ignition delay time (ms)

015
Concentration (g/mL)

Fig. 10. Ignition delay times(ms) and viscosities(cP)
of the rocket fuels as function of [DMT]"[Ns]
and [DMT]*[CN]™ concentration in hydrazine
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Table 4. Viscosities of rocket fuels with [DMT]*[Ns]™
and [DMT]*[CN]™ in mixture of hydrazine/

2—-hydroxyethylhydrazine

(DM} [DMTT{CN] [DMTTTN] [DMTTCN}
Ratio of ! 1 Ratio of L L
ydrazine 1o ) () hydrazine to ) ()
S T e e R
000 |13 L3 1313|131 L2 12 19| oo |32 320 33 320|320 307 il 30
E0 (14140 LA LA LA LA L3130 s0100 | 387 390 390 38 (38 371 37 38
M0 [150 150 L4 19| L4 LT L4146 | T0I00 | 490 486 490 485|374 3 37 3%
M0 (188 167 18 165|157 LS LS LS| 40100 | 570 595 566 ST |53 SM i 34
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