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Three main types of rocket propellants

o Solid propellants

 Monopropellants

e Bi-propellants

e Solid propellant

Solid propellant




Solid propellants

e Minimum smoke propellants for missiles

 Double-base propellants - Contains lead compounds 9
Acute and chronic health effects ———

 Composite propellants for tactical and space
applications

« Ammonium perchlorate - Thyroid gland interference, Acid rain
@ formation, Ozone depletion

- Thyroid gland
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Ammonium dinitramide, ADN

NH,* "‘N(NO,),

Solid white salt

Mp: 93 °C

Density: 1.81 g/cm?
OB: +25.8 %
Non-toxic

Hazard division 1.1D
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Synthesis development
Prilling

Formulation
Combustion



Green advanced high

energy propellants for
launchers

Ll
¥
('
o2
-’.- . "-'l
# 7
o T
&g
N ag [
e N
=ilr
iz i
= ; :
i

SRAIL

-J.
i..
i1
P d) v
| =
%
¥

f‘
B
=
I
r




Partners

* FOI, Sweden ﬁ%FOI

\

* |CT, Germany ~ Fraunhofer

e The Inner Arch (TIA), France (AThe Inner Arch
e Politecnico di Milano (POLIMI), Italy
e EURENCO Bofors AB (EUB), Sweden == EURE’;O’UCPESNQ
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Performance
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Current work in GRAIL

0
e Binder development I oJr

* Improved prilling o - » -
e Compatibility ‘< N
 ADN production improvements o -

e Burn rate modifiers

www.grail-n2020°eu




Monopropellant hydrazine

 Hydrazine: toxic, carcinogenic and volatile

Hydrazines
and Cance

A Guldebook on the Carcinozgenic Activilies
o Hydrazines, Relaled Choemicals, and

Bela Tolh

HCl-CH3y —NH -NH - CHj3 -HEI
T Ry e TT




Development of liquid ADN propellants

FOI: Solid propellants

|

FOI/SSC: Liquid propellants, 1997

Patents: wo00050363, 2000
WO02096832, 2002

FOI SSC/ECAPS
Propellant development Propulsion system development
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Rheform at a glance
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ADN production

(10) SE 1400043 A1

Sverige
(12) tillgangli
(21) Anstkningsnummer: 00043
(22) Ingivningsdag: 14-01-.
(41) Offentlighetsdatum:  2015-07-
N 1 1 A (51) Int. Cl: CO6B 25/34 (2006.01)
ew ADN synthesis method Iinvented In

cooperation with EURENCO Bofors

are;  Jonas Js SE
Stefan Ek, Tumba,
* ecreased CoS M Sk, Tomsa, ¢
Nikolaj Latypov, Deje, SE
Henrik Skifs, Karls| E

atentenheten, 115 88 Stockholm, SE

7 Forsvarets mal
i I n C re aS e d p u rlty 5::: :::am:::pg::ls:r ammoniumdinitramid, ADN

 Decreased amount of by-products

Work ongoing to further improve synthesis

www.rheform-h2020.eu
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Bi-propellants

-~ MMH fiIIing__gpe[%tion NIO (N,O,) filling opere&ion

http://www.amsat-dl.org/launch




Bi-propellants

Proton-M launch failure in 2013 releasing
600 tons of hydrazine and NTO




Green alternatives to NTO

Many possible fuels, but only three possible liquid
oxidizers:

« LOX

 Cryogen - non storable

e N20

e Low performance

« H202

« Poor long term storability. Widespread scepticism of handling it

tFol



Green alternatives to NTO

H202
 Renewed interest for space propulsion

e Green, low cost

 Decades of experience in Sweden for torpedoes
« Navy, FMV, SAAB
e Widely industrial use (paper bleaching)

 Production in Sweden

e 70% currently in large scale (>100 kton/year)
 90% in pilot scale until 2011 (cost 65 kr/kg in 2010)




Recent accidents in Sweden with H202
20 ton truck crash in 2010 and 2012




Use of H202

Black Arrow launcher 1971
« Nammo sounding rockets
 European small sat launcher, SMILE

o http://www.small-launcher.eu/

e Considered for the upper stage of the "
Brazilian VLM 1 launcher g



Green alternatives

e Green solid propellants in development

e Green monopropellants based on ADN currently
successfully used in space

« H202: promising green alternative to NTO

ESRANGE IN 2021 | A SNAPSHOT

... 3,2, 1, Lift-off!

Anna Rhatsman, SSC '*'

SpaceOps Conferences 2016




