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Abstract

A recently developed propellant, ammonium dinitramide (ADN, NH4N(NO,), is stable and safe at an ambient condition.
However, it requires high purity for practical applications. A very little quantity of foreign impurities in ADN may cause
clogging of thruster nozzles and catalyst poisoning for the use of a liquid propellant. Thus, several purification processes for
precipitated ADN particles such as repetition extraction, activated carbon adsorption and low-temperature extraction were pre-
sented in this study. The purifying methods helped to improve the chemical purity as evaluated by FT-IR and UV-Vis spectro-
scopy in addition to ion chromatography (IC) analyses. Among the purification processes, adsorption was found to be the
best, showing a final purity of 99.8% based on relative quantification by IC. Thermal analysis revealed an exothermic temper-

ature of 148 C for the synthesized liquid monopropellant, but rose to 188 ‘C when urea was added.
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sulfamic acid
Chemical Formula: H3;NO3S
Molecular Weight: 97.09
Figure 1. Schematic process of potassium sulfamate synthesis (Kim et
al., 2017).

potassium sulfamate
Chemical Formula: H,KNO;S

t
acetone Molecular Weight: 135.18
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2.1. AERE & Al2f

2 A A AFE-S potassium sulfamate (NH,SO:K, assay > 99%),
sulfamic acid (NH,SOsH, assay > 99%), sulfuric acid (assay > 98%),
fuming nitric acid (assay > 99.5%), ammonium sulfate ((NH4),SOs, assay
> 99.5%), 18] potassium hydroxide (KOH, assay > 99.5%)% ADN
el FHEME AREE SO, Sigma-Aldrich (USA)ZH-E] -3}
St} gl 57 99% o)1t 8lE(Korea) ] Al9Fg isopropyl
alcohol (C;HgO), acetone (CsHgO), ethyl ether (C4H;0O), ethyl acetate
(CsHs0,) 5 AHE-SIGITE A2 F2 el ARE-E|= PAC (powdered acti-
vated carbon, 100 mesh) ¥ Uhz4 HEIF O Z ALE-F]= Celite 545+
Sigma-Aldrich (USA) A|1&E-& AM-ER3AT

2.2. Ammonium dinitramide €

Figure 10 QoFst 9135 &3lo] Aol /33t potassium sul-
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(HS04) 8] E3Ate]l 2H3] Hrteto] Ak F58 5, w=7
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Table 1. Solubility of ADN in Different Solvents (G. Santhosh, 2003)

Solvent Temperature (C) Solubility (g/100g water)

Ethyl acetate 32 2.0
32 14.0
Isopropanol 10 7.0
0 4.9
32 26.5
Acetonitrile 10 14.6
0 10.8
32 47.6
Acetone 10 33.0
0 30.0
Methanol 32 90.3
Water 32 4235
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Figure 2. Schematic diagram of repeated extraction.
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Figure 3. Schematic diagram of low temperature extraction.
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3.1. Ammonium dinitramide & %! K|
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Table 2. Elemental Composition of Extracted ADN

- AET] - Fodu

Table 4. Sample Purities Determined by UV

Sample N (%) C (%) H (%) O (%) Sample Absorbance Purity (%)
Theoretical comp 45.17 3.25 51.58 CA 0.4097 97.71
Crude ADN 43.18 0.02 2.92 53.87 RE 0.4148 98.89
Repetition extraction 44.25 0.01 3.45 52.29 AA 0.4194 99.82
AC-adsorption 44.67 0 3.23 52.10 LT 0.4125 97.89
Low temperature extraction  41.84 0.07 2.88 55.21

Table 3. Characteristic FT-IR Frequencies for ADN (Ghee, 2007)

Mode Frequency (cm™)
v N-H of NH," 3,135
vs NO, in phase 1,343
vs NO, out of phase 1,175
vas NO, in phase 1,538
vas NO, out of phase 1,403
osciss NO, in phase 828
osciss NO, out of phase 762
orock NO, out of phase 732
vs Nj 952
vas N3 1,021

T2&u} Table 2014 & < 9}%0] 2 AgelA] FE3E ADNS I
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FollA ATt A2 H_Qv‘”“’ﬂ HrEo IAY =FE
A AR AdETRRE FYE 2o FHdE dEEe g
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STH12,13]. ZH2te] Ao 2 A2 ADN A8E9 &
7] Y3l = 10 mg/L=Z A3 #%%" %2 ADNe] tj =
AFFATE Figure 5014 & = S1%©] dinitramide (-N(NO,),) T
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Figure 4. FT-IR spectra of ADN samples.
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Figure 5. UV-Vis spectroscopy absorbance of ADN samples.
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Table 5. Density and Viscosity of KMP Samples

KMP-203 KMP-205 KMP-207
mL g g/mL mL g/mL mL g g/mL
5 6.31 1.26 5 1.33 5 6.55 1.31
10 12.68 1.26 10 1.33 10 12.9 1.29
15 19.15 1.27 15 1.34 15 19.68 1.31
Average 1.27 Average 1.34 Average 1.31
Viscosity (mPas) 3.51 Viscosity (mPas) 3.52 Viscosity (mPas) 3.51
KMP-212 KMP-214 KMP-221
mL g g/mL mL g/mL mL g g/mL
5 7.35 1.47 5 1.34 5 6.73 1.34
10 14.72 1.47 10 1.35 10 13.48 1.34
15 21.84 1.46 15 1.36 15 20.20 1.34
Average 1.47 Average 1.36 Average 1.35
Viscosity (mPas) 3.54 Viscosity (mPas) 3.51 Viscosity (mPas) 3.52
17 - A 10.5 min 17 - I 1 T )
£16.8 1 Todmin — =igg | 10:5.min | k203 [ xagp-205
S i S 15.1 min MP.: 172.17°C MP.:18825C ¢
w& 16.6 4 min 21 mi U’é 16.6 S~ 2.2 min I ‘ Additive: NH,OH.{ 3 || Additive: Urea |uwm !,
5 16.4 : § 16.4 : b
; < 16.2
16 +————r————— 16 +—r————r—————— *
0 2 4 6 8101214 16 18 0 2 4 6 8 101214 16 18
Minute Minute ‘
KMP-207 ) lmw-zll
179 4 1749 1 10.6 min | MP.:173.55°C " MP.:175.19C | |-,
T 168 | 671 mih || Additive: Pyridine-~. ; Additive: Hexaming 2
o i
@ 16.6 1
£ 51min | 12.3min
& 164
[~
<16.2 -
16 +—r——————— 16 +—r——r—r——————— { i . KMP-221
0 2 4 6 8 10121416 18 0 2 4 6 8 1012 14 16 18 ! 1%1?5:_117;,0?0 - MP.: 148.2°C
Minute Minute Additive: hydroxyl “ A vd'dmve: TA-DN
} amine .

Figure 6. IC chromatograms of purified ADN samples.
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Figure 7. Heat flow of liquid monopropellants by DSC.
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