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Hydroxylammonium nitrate (HAN)
2-Hydroxyethylhydrazinium nitrate (HEHN)

HAN and HEHN are the two task-specific IL initially developed
1 ‘: for chemical propulsion by the Air Force Research Laboratory.

e.g. monopropellants consisting of chemicals that release energy
HAN through exothermic chemical decomposition.

Open the possibility of their applications in chemical-electric
dual-mode propulsion systems due to:

Inherent ionic nature

High electrical conductivities

Low viscosities




Dual-mode propulsion

operates with a single propellant in either a chemical or an electrospray mode.
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Electrospray Thruster

lon beam

In an electrospray mode wherein charged IL clusters ions are emitted W o |
from a Taylor cone at the electrospray emitter tip | |

produce: +

Accelerated through an E-field between the emitter and extractor to C—) E'}
Emitter

A thrust (F) proportional to \/ m;(ion mass)/z(charge)

A specific impulse (1) proportional to /z/m;




Electrosprays of Ditferent Polarities

1) During electrospray, ions and clusters of a single + —
polarity are extracted from IL. The remaining counterions

are accumulated in the liquid. lon beam

2) A fraction of product ions back-scatted and deposited .| /_Extractor

on the surface of the spacecraft — surface charging

induces electric disturbance to the spacecratft.
Emitter




Investigations of Electrospray Using ESI-MS

ESI mass spectrometry closely mimics and thus represents a compelling avenue to explore
electrospray thrusters in terms of

ion emission

injection into a vacuum

ion-molecule reactions in space
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Overview

* Measurement of the electrospray ion plume compositions
Experimental: = Collision induced dissociation of mass-selected cluster ions
Using Monte Carlo simulation to mimic energy broadening in ion molecular reaction,

incorporated into line-of-centers model to determine OK dissociation threshold

energy.

» Direct dynamics trajectory simulations
Theoretical:

» Reaction coordinates and potential energy surface (PES)
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Electrospray Performance of HAN .{41 .1{
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Recombination Trajectory
of HONH,-HNQO,; + NO;~

¢ The ionic HAN monomer (i.e., HONH;*NO;") 69274
dominates in the solid phase, it converges to a covalent R
structure in the gas phase
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* There were multiple proton transfer reactions between
the HONH;" and two NO,

* The formation of “O;N-HONH;"-NO;~ in Snapshot 2
and a brief proton transfer from HONH;" to the incoming
NO;™ to form O;NH-HONH,-NO;~
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Positive ESI MS of HAN
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Formation of HEHN Cluster Ions in
Negative Electrospray
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Formation of HEHN Cluster Ions in
Positive Electrospray
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The species in the ion plume can be
grouped into four series:

[HE] HEH*,
[HE] nC2H4OH+9

[HEHN] HEH", and

[HEHN],[HEJHEH* (n = 0 — 2).




HAN vs. HEHN ' ‘”‘J:J‘

% HAN undergoes intramolecular PT. No positively charged intact species.

A variety series of cluster ions can be formed in both negative and positive electrospray of
HEHN.

s To assess the utility of HAN and HEHN in ES thrusters, studies on efficiency parameters are
needed, which are ongoing at the Air Force Research Laboratory.
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