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Ignition Characteristics of Mg-Al Particles in ADN/AN based Propellants
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ABSTRACT

Solid rockets are required ‘environmentally friendly’, ‘high performance’, and ‘low cost’ at
the present day. Ammonium dinitramide (ADN) is a new oxidizer for the solid propellants.
Ammonium dinitramide is the environmentally friendly oxidizer because ADN has no halogen.
Ammonium dinitramide based propellants have higher performance than ammonium perchlorate
(AP) based propellants. However, ADN is more expensive than AP. Therefore, we suggested
ADN/ammonium nitrate (AN) based propellants. Ammonium nitrate is the very inexpensive
oxidizer which has no halogen. The solid propellants are added the metal particles in order to
achieve the high performance. However, ignition and combustion characteristics of the metal
particles contained ADN/AN based propellants are not investigated. In this research, we
investigated reaction and ignition characteristics of magnalium (Mg-Al) particles in ADN / AN. As
a result, it is considered that Mg-Al particles reacted with the decomposition products of ADN/AN.
Ignition delay time of Mg-Al particles increased with increasing the concentration of AN. Ignition
delay time of Mg-Al particles increased at the concentration of AN between 20 mass% and 60

mass%o.
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H 8 20~60 mass%] CRE S LT D2 ERbhoie.
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Fig.1 Vacuum specific impulse of the solid propellants
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D—#h% AN (2B X iz 7- ADN/AN RHEESR IS H L .

BRE 7y M, #EEERFIZT VI =0 AANVFEOBBRL T ZIRAT 5 2 & THEMEMERE
il ESETWD Y. Lavl, &BkiT%2IRE L= ADN/AN RS OMRBERE I B9 5 bF
R I DI, E T, Bk AIRA L7 ADN/AN RHEMEIR O 35 KRt B9 2 RS2
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AWFFETIX, ADN/AN IRAL EBRBRL T OF KFEORBEBREZRD 2D,
ADN/AN/Metal A2 8UEL7-. ADN/AN & &JFRiDRISICOWVW TS 701,
ADN/AN/Metal {E550EH % VN C TG-DTA Vi 2 217> 7. S 51T ADN/AN 53 ff 77 A
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2. TG-DTA #53HrEBR
2.1 EEBRGTIE R OFEERSE
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ZiTo7-. Table | IZFBHAM A RT. F£72, Table 2 (BT FHBRSMF2 7.

Table 1 Sample compositions [mass%]

Sample ADN AN Metal
ADNS80 80 0 20
ADNG60AN20 60 20 20
ADN40AN40 40 40 20
ADN20ANG60 20 60 20
ANSO 0 80 20

Table 2 Experimental conditions
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Fig.3 TG curves of ADN/AN/Mg-Al

This document is provided by JAXA



TR LR —ERS A 24 AR R 27

Figure 4, 5 {Z ADN/AN (T ALKL 12 1RA L72#EHD DTA B & OV TG #if % 7~ 3. Figure 4,
5 X0, ADN/AN ORI A L ALK IIFE A ERIGL T aWnWEEZ b5, Lizho
T, ADN/AN/Mg-Al IZAFEHTlE, Mg-Al K10 Mg %5773 ADN/AN SRy & i
LizEB2b5.

470K]
T ~ f\’
S 477[K]
E‘ - /\r ADNSO0
= —ADN
> 479 [K]
E —— ADNG60AN20
E s 484[K] ADN40AN40
5 = a Vs —— ADN20ANG60
! —— ANS8O
514 [K]
300 400 500 600 700 800
Temperature [K]
Fig.4 DTA curves of ADN/AN/AI
20
0 ——ADNS0
—— ADN60AN20
— 20 } ADN40AN40
X
; ——ADN20ANG60
=) - -
- 40 —— ANSO
4
=

_100 1 1 1 1 1
250 350 450 550 650 750

Temperature [K]
Fig.5 TG curves of ADN/AN/AI

This document is provided by JAXA



FHITZEI T B R ARSI JEBR T TS JAXA-RR-12-005
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Fig.6 The definition of physical ignition delay time
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Table 3 Sample compositions [mass%]

VRR 24 AR FERTFERCR B

Sample ADN AN Metal

ADNR80 80 0 20
ADNG60AN20 60 20 20
ADN40AN40 40 40 20
ADN30ANS50 30 50 20
ADN20ANG60 20 60 20

ANS8O 0 80 20

Table 4 Experimental conditions
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Fig.8 Ignition delay time and chemical ignition delay time of Mg-Al particle
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