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Economical availability of
renewable H, is getting closer

H, is incompatible with fuel
transport infrastructure

Chemical fuels are attractive
H, carriers since they are

safer and easier to transport

Chemical fuels offer higher
volumetric energy densities
than pure H,

But what fuels can we
choose from?
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Nitrogen Based Fuels

Carbon Based Fuels
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=  Aqueous ammonia/ammonium nitrate (AAN) is
a carbon free nitrogen-based monofuel 100000 —chemical-
AAN 'coal ‘
= Composed from mass-produced fertilizers T 10000 ydrid T
o . § hydrogen .
= Principal combustion products are N, and H,0O: = strorage i n biomass i
= ultimate
3NH,NO;,,, +2NH,OH , ,+4H,0 = 4N, +15H,0 |5 flywheel BMIC1iion battery ‘
1 1 2 100 @ ‘ “ battery
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= Volumetric energy density close to CNG at |3 mag. coil gbtta‘”d &T:ter “";‘"Lal gas
attery
. . . 10 —m—— ,\,'.,'v. @
distribution pressure W | __mt L
: : : ydoo- EDLC comp. air Vd;ogen
= Compatible with current fuel infrastructure %{ E‘_ i
. 0.01 0.1 1 100
capac1tor ) 3
= No PM, VOC, CO, and CO emissions energy density (cWhhke )

R. Lan, J.T.S. Irvine, T. Shanwen, Int. J. Hydrogen Energ., 37 (2), 1482-1494, 2010
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The thermal autoignition of AAN occurs in the gas phase

+ HNO

— NH 3(g)

3(g)

=  Ammonium nitrate thermally decomposes under heating: NH ,NO,

(aq)

= Ammonia and water evaporate into the gas phase

= Four principal homolytic reactions known from literature: = We recently showed other nitric acid /

ammonia reactions might be significant:
HNOI3 - OH+NOI2
NHI3 +OH-NHI2 +HI2 O HNOI3 +HONO-HI2 0+ NVI2 014
NHI2 +NOI2 N2 O+ HI2 0 N2 04 +M->2N002 +M
NHI2 +NOI2 - HI2 NO+NO NHI3 +NOI3 -HNOI3 +NHI2

\ B. Mosevitzky, G.E. Shter, G.S. Grader, Fuel Process. Technol. 159, 363-368, 2017.4



Introduction Technion

3NH,NO,,,, +2NH,0H ., + XH,0,, —
3HNO, @t SNH 3ot (X+2)H,0, —
4N2(g) +(X+11)H,0

= The combustion of stoichiometric AAN does not require O,/Air.

= Changing the water content of AAN affects the solubility of the

components in the aqueous mixture.

=  Therefore, more water can be added to ensure a liquid

. NH 10 20 30 4 50 .60 70 80 0 Hzo
solution even at subzero temperatures. 3 erenr peneant

Figure 1. Solubility in the Systemm Ammonium Nitrate~Ammonia-
Water 5
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= The autoignition temperature (AlT) is the lowest temperature from which the

fuel can ignite without the need for additional external energy
= Used to identify how various parameters affect the thermal autoignition

= The parameter we used in this study to observe changes in the autoignition

process as well as validate the model we used
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Main goals

What effect does changing the water content
of AAN have on the AIT?

What is the cause of the observed effect?
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326
= The AIT increased with the water content
-~ 320
= Thermal autoignition was detected for all § 320 - I
i o 19
tested samples g 3104 00 | <.
8 314
= Alinear increase in AIT was observed
k@ 300
= Linear behavior was previously observed at l £7. 121
596 ) | ) | T
low diluent (N, pressures 20% 30% 3 40% 5%

Water cqnﬁqr)t(m (%wt)

\ B. Mosevitzky, G.E. Shter, G.S. Grader, Fuel Process. Technol. 159, 363-368, 2017.
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B DNH3-mix
I B DHNO;-mix
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= This linear behavior was previously found
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to characterize the thermal autoignition at ®
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high diffusion conditions (D>1.5 mm? s).

= The diffusion coefficients of both HNO,

tested water contents 020% 1 30% 3 40% 4 56%
Water doggniiiRign (%wt)

‘ B. Mosevitzky, G.E. Shter, G.S. Grader, Fuel Process. Technol. 159, 363-368, 2017.

and NH; were above 2.5 mm? s at all

o Bitfisign &sstiicient
O
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But what causes the increase in AlT? 1900 O o
$) S
MO RWtE25% %
Put :
=  Added water could affect pressure- g 1700 +
Q !
. _ . Y - T 1 P | P /- G L. R ¢
dependent reactions (three-body reactions). € 1600 L
2
1500 S
o o S
= The additional water acts as a heat sink. HZ(L@E;V 45% : "{2 2,0%
20% 0 v 5(0%
Wate%%@n@émgﬂigi%&wt)
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Adding up to 45%wt water to AAN still allows thermal autoignition.
The AIT value increased linearly with AAN water content.
This linear behavior is linked to large mass diffusion coefficients. \\

The increase in AlT was attributed to two main sources:
= Possible effect of pressure-dependent reactions. /

= |ncreased diluent (water) content acting as a heat sink.
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= Addition of oxygen instead of AN to
work at high ¢ values (batch and

continuous combustion)

m Effects of pressure / temperature / :_ l‘,,,l _‘

water content / equivalence ratio

i . i _----—“
on AAN continuous combustion et | | — =i g
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Hydrogen Alternative Fuels
(NHAF) Reaction Research
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