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Table 1 Formula composition and performance of typical HAN-based propellants
. density specific impulse adiabatic flame
samples mass fraction/% )
/g-cm™ /s temperature/°C
LP1846 HAN/TEAN/H,O (60.8/19.2/20.0) 1.43 262 1898
. HANGLY26 HAN/GLY/H,0(26% H,0) 1.33 200 1100
HAN-liquid propellant!#-9!
AF-315E HAN/HEHN/H,0(44.5/44.5/11) 1.53 268 1884
SHP163 HAN/AN/MeOH/H,0(73.6/16.3/3.9/6.2)  1.40 276 2128
HAN-gel propellant''"’ HAN/PVA HAN/PVA/H,0(59.2/10.8/30) 1.46 196 1398
~ HIPEP HAN/AN/PVA/HB(79.56/4.19/14.25/2) 245 2296
HAN-solid propellant! 13-4/ >1.5
ANAV HAN/AN/PVA/HB/AI(28% Al) 265 -

HAN 7 A 4 2F 50) 5 BF 58 JF 4R T 20 42 70 4F
£, TE i HAN RREFI K 2R, 3 A Rk A FR
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P L R A N T R IO H AN S Y A 2 5
B B J7 41 WA - LP1846 (HAN/TEAN/H,O) . HAN-
GLY26 (HAN/GLY/H,0) . AF-315E (HAN/HEHN/
H,0) A &% SHP163(HAN/AN/MeOH/H,0)% . HAN
VA S R AR T O HAN KU Wi B 47 19 1 B8 Ak 2 4
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N FH A5
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Dife, "I RUEAFAE . IR R 5 HAN KA A 25 1,
HAN HE5E iz 4 15 770 v 4 FH 9 e 388 770 S 5 4 K —OH
BB 5 3 T BT, WK R 2R 2 BE(PVA) 0% H
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Fig.1 The decomposition mechanism of HAN aqueous solution
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5 HAN JE A 3 570 1) 2870 fige B L v 51 A4
FR ARG T TR T 4 3L e o M S EE A L T O SIS T A
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Table 2 Thermal catalytic decomposition characteristics of HAN-based liquid propellants with different catalysts

initial decomposition temperature /°C

Refs. propellants catalysts
thermal catalytic
Liut??) HAN aqueous solution (above 90%) Fe®* 148.9 132.0
Ir or Rh
Esparzal?*! HAN aqueous solution (24%) 155.0 95.0
foam pellets
Courtheoux!??) HAN aqueous solution (80% ) (10%)Pt-Si-Al,O, 120 (batch reactor results) 77.0
Amrousse!3!-39] HAN aqueous solution (95%) (10%)1r-Al,0,-La,0, 155.0 47.0
Amroussel 3! SHP163 (30%)1r-Al,O, 154.0 65.0
Hwangl’ HAN/MeOH/H,0(70/15.6/14.4) (30%)1r-ALO, 160.5 88.7
Agnihotrit?®! HAN aqueous solution (75%) Ir-CeCo(26%Co) 199.5 126.1

HEBE T2 FHHANTERE AT 5 &4k
i VR LE SR N R T 4 JE B X HAN 3
VO AHE S ) A R PE A 9 . Kumasaki 82 BF5E T
AL S RE TR T HANER (2 mol-L™) Y
PO R L SRR O MM R A S
HAN Jiz i B il Kt i 34, £ F HAN & AE R i o X1
PRI T Fe B 28 A HAN IR TR (90% L) ) #4
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FE 52, & B Fe B 22 M A5 HAN 19 9] ih 43 fff 1
Bk T 16 °C, JBL A 5 HAN #4230 77 21 B9 NH,OH 5
Fe’ J& B e 15 Ak & 9, 43 1 Hh B %) ik J32 0k 11 555 DA T i
PEHAN B #A fif  FELT % 55 H A T Cu™ fl Fe Xif
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il & T 4 @ - A B AR R B 2 fr R . Cour-
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TR AR i HLEE . 7 1r-ALO, B A 57 F 52
B3R E, Amrousse 45 HFGE T A 1r-Si0,-AlLO, B fii:
A3 9 SHP163 76 A A1 B R 19 4 i o L 45 R 3
HH 458 R 1) TR 8 R A R HAN A9 43 fige , L 3 08 791 £ 4
Ak A3 it el R pR AR T B PR 2D A3 AR B T R I — 25
4y f# . Hwang Z0° f£ HAN/MeOH/H,0 (70.0/15.6/
T4.4) WA 4 F 500 34 43 i 3 B2 oPoin A Ir-ALO, B i 4k
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ANFIT HAN (A0 53 i SN o S T 4 e i Ak 550 /Y
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1545 2% 4 19 48 AL 4 (I-CeCo) | 11 % Ir il XU T BE 75 44
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Ce”/Ce™ i ¥ Xf ] B [a] 4 H1 43 51 5 NH,OH"#1 NO,”
SR 32 v AR 0 A5 HAN S0 A% B 17 v B 2 0 336 1
HE— 5B HAN (9 253 fif 3 25 1 A1 40 46 4 fie 1L B
i RIS T A, 4 - A AR AR T R
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S W, Gk S ) 46 7 2R e 200 P B AR AR A H 4 5
PRI P8 2R B2 R AR AL 5 9 A P PTL BEORE 2 AT 5 19 A
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a. PtSi-ALO, (TEM)™” b, Ir-Al,O,-La,0, (TEM)""

%,

c. Ir-AlLO, (TEM)™ d.

Ir-CeCo (SEM )%

2 SR HAN PR 2550 A A5 1) TEM/SEM 4]
Fig.2 TEM/SEM images of typical catalysts for HAN-based
liquid propellants
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T 5K R 38 B R 58 TR 7 B I ) 45 58 3% BH 4 1 5 78 Rh
TR R 257k AE 31 B i) 4 i, 6 BT R A Ak 5510 ] i
TR A 5 MR . Amrousse 25O Ir-ALO, T4
A A5 T e R R BOREIR , & BRAE SHP163 1Y A 2k
o AR ORI A Ak TR B R Ak R T B A R AR
= 8 70 19 0 s 4 0k R AT o0 A ) A Ak R R

heater

HAN
propellant =)
injection e
N

I chemical! gas !

! reaction Ep roducts’ combustion products

3 HAN A Hfi i 5] B4 A Al KR B R
Fig.3 The thermal catalytic ignition schematic diagram of
HAN-based liquid propellant'*!
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Table 3 Comparison of ignition characteristics of HAN-based liquid propellants

ignition catalysts o o
propellants ignition characteristics
methods /electrodes
HAN aqueous solution (74%)"°"  (21%)Ir-Al,O, Ignition of the propellant can be achieved before water evaporated completely
HAN aqueous solution (80%)"%2!  (5%)Ir-SiO, Propellants can be ignited at room temperature
; . Iridium increases NO products and promotes the thermal catalytic ignition of
HAN aerosols-22/t54] Cu-Ir
propellants
thermal
. HAN aqueous solution containing o
catalysis : (30%)1r-Al,O,  The propellant fueled by MeOH and HEHN has excellent ignition performance
MeOH, HEHN, GLY, etc.'®
[Emim][EtSO,]/PVA(41/59)!5! Ir-Rh Rhenium catalyst reduces ignition delay time
o Particulate catalyst reduces the initial decomposition temperature of the pro-
SHP163%¢ (30%)1r-Al,O, i o
pellant and improves the ignition of the propellant
. i The sacrificial electrode can promote the ignition of HAN solution and reduce
HAN aqueous solution (70%)"3%/  Cu, Al, etc. .
the delay time
HAN aqueous solution (73%)'%°!  Cu(3 pairs) Multiple electrodes provide more activation sites for HAN ignition
electric LP 184662 The ignition process is composed of 4 steps: evaporation, expansion and con-
traction, thermal decomposition and ignition
. The propellant initially bubbled at the surface of the electrodes and then ignit-
LP1846!0%) Ti

ed to establish a self-propagating thermal wave

3.2.2 HANE B H##7

H HT 58 N ST 3 DL k2 4 S #OE X HAN
R R AR R AT IR, TTHEAT T AR M e
B AR SEBIF 9T o P R 5O DL Ve R - R T A Y
HAN/PVA & 72 HAN JE5E I #E 3 701 hy BF 58 % 52, £ %
P i v X EG T 2 5 A AR AR R B/KINO, B i 5k 24
it HE 2 )Y A KRR PR B R M, & B AR B E Y B/
KNO, Al L2k 35 # 3E 750 ) a5 g B, (HL R o 2k 2 38 B
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K o 7E HAN/PVA K F 1 HAN JE 88 e #E i 57 h
BN 5%AN , 51 KCIE R ] [A] B 40 ms BEAIRE] 35 ms, i
AN (I A BT LA a8 4 08 590 19 A kBB o i ek
SR SE o % AR R AR S IR IS T HAN/PVA R &
HAN S 5E i 4 1 550 /) 8 b 1 1 L & B i 7 LA
B R A R RE A, O BT K 0 1] DL 4R
o 1 T A RE B RIRR T o I R AR A i e T 5T
F R A 1, P R R O 2 R AL B HAN/JAN/PVA 14
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Fig.4 The electric ignition schematic diagram of HAN-based

solid propellant®®
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Review on Hydroxylammonium Nitrate Based Green Propellant

BAO Li-rong'**, WANG Hui'**, CHEN Yong-yi'*’, ZHANG Wei'*’, ZHANG Xiao-jun*, HUANG Yin-sheng’’,
SHEN Rui-qi'**, YE Ying-hua'?*’

(1. Institute of Space Propulsion, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Micro-Nano Energetic Devices Key Laboratory of
MIIT, Nanjing 210094, China.; 3. School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 4. Xi'an
Modern Chemisiry Research Institute, Xi'an 710065, China)

Abstract: Hydroxylammonium nitrate (HAN)-based propellant has the advantages of high energy, insensitive and non-toxic
combustion products. It offers advantages in the continuous start-up and thrust adjustment of propulsion system. The formula
composition, decomposition characteristics, ignition and combustion performance of HAN-based liquid propellant, HAN-based
gel propellant and HAN-based solid propellant were reviewed. The key points for future research were proposed: preparing
high-performance catalyst bed for HAN-based liquid propellants, developing electric ignition as a reliable ignition mode; im-
proving the ignition performance of HAN-based gel propellant, accelerating the engineering applications; exploring the combus-
tion and flameout controllable mechanism of HAN-based solid propellant, and breaking through the bottleneck of large-scale ap-
plication of the propulsion system.

Key words: hydroxylammonium nitrate (HAN)-based propellant; formula composition; decomposition characteristics; ignition
and combustion performance;review
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