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Introduction

\\

* The combined future volumes of conventional petroleum,
heavy oil, oil sands and oil shale total 29.9 trillion BOE

# Lasts only for 51 years as assessed in 2009 [1]
* Need of alternative for transportation
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Introduction (Contd.)

Production with
renewable energy

Entire supply chain is
carbon free

On site fuel production
Sustainable

New infrastructure not
required
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Introduction (Contd.)

S .

* Current situation
* Ammonia-gasoline/diesel dual fuel systems
* AmVeh from Korea Institute of Energy Research

% Our Objective
* Less infrastructure requirement
+ Less end user equipment (vehicle) modification



S .

* (Gasoline-ammonia composite fuel blends

# Similar to gasoline-ethanol fuel blends

* Molecular structure decreases the solubility

* Emulsifiers (surfactant) to increase the solubility

A)
+ Ethanol/Methanol ﬂ‘

* (Gasoline-ammonia fuel blends - minimum new infrastructure
requirements and end user equipment modifications

€




Literature Review

S .

* Various use of ammonia as an energy

* Ammonia solubility in gasoline not studied in any kind of
literature

# Nearest match is ammonia solubility in ethanol/methanol [10-11]
* Emulsifiers have not been identified for ammonia

* Actual engine performances and emissions of composite fuel
blends have not been measured
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Experimental Methodology

S .

* Static-analytic method used for gas solubility measurements in
liquids [10-12]

* High pressure thermostated Vapor Liquid Equilibria (VLE) cells

* VLE cells used to measure the solubility of gaseous ammonia in
liquid gasoline

* Ethanol/Methanol used as emulsifier



Experimental Methodology (Contd.)

S =

* A small stainless steel VLE cell

was constructed to identify
suitable emulsifiers and

measure solubility accurately — 0

(@) (h)
U] | ? i

(@)

(b)
(c)

(i)

) (e)

(k)

(a) thermostated chamber (b) VLE cell (c) borosilicate gage
lass for liquid level measurements (d) ammonia charging tank
e) pressure transducer (f) K type thermocouple thermometer
g) relief valve (h) bourdon tube pressure gage (i) charging

tank connection valves (j) liquid feed in valve (k) magnetically

coup)led mixer (1) auxiliary valve for gas chromatography (not
used



Experimental Methodology (Contd.)

* A larger thermostated VLE
cell was used to produce
proven blends in large
quantities for the engine
dynamometer tests




Experimental Methodology (Contd.)

* Dynamometer testing of
developed fuel blends

* Superflow 902 engine
dynamometer

* GM Ecotec 2.4L gasoline
engine
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Solubility Results

«

* Solubility of ammonia in gasoline
* Baseline gasoline
% With ethanol as an emulsifier
* Various percentages of ethanol were used
* EO — Baseline ethanol/methanol free gasoline
* E10/M10 - Gasoline with 10% of ethanol/methanol
* E20/M20 - Gasoline with 20% of ethanol/methanol
* E30/M30 - Gasoline with 30% of ethanol/methanol
* Solubility (volume increase @ 50 Psi and 286.15 K) [13,14,17,18]
* EO — 4.51%

* E10 —-11.03% M10 — 11.50%
* E20 - 13.79% M20 - 23.00%
* E30 -17.76% M30 - 30.00%



Solubility Results - Ethanol

\
R

CHANGE OF SOLUBILITY, PERCENTAGE VOLUME INCREASE, AND MOLALITY OF AMMONIA IN
GASOLINE WITH PRESSURE AT 286.15 K AND 50 Psi [13,14,17,18]

Solubility Vol.Inc.  Molality

(g/) (%) (mol/kg)
Eo 23.04 4.51 1.77
E10 51.43 11.03 4.02
E20 81.21 13.79 6.50
E30 104.50 17.76 8.08
M10 68.14 11.50 5.26

M20 136.40 19.07 10.88
M30 189.45 30.00 15.11



Dynamometer Results — E0 [13,14,17,18]
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Dynamometer Results — E10
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Dynamometer Results E20
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Dynamometer Results — E30
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Dynamometer Results - M10
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Dynamometer Results - M20
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Dynamometer Results - M30
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S .

* Gasoline-ethanol/methanol -ammonia fuel blends - feasible
* Minimum new infrastructure needed

* Can be run with existing IC engines

* Up to 20% of ethanol/methanol and 20% of ammonia
* Ammonia rich fuels performs better

* (@High engine speeds - higher power and torque

* Hydrogen needs less Oxygen for stoichiometric combustion
* Higher octane number of ammonia - less/no knocking

# Higher blends - with flex fuel engines (E85)



Potential Work

S .

* Methanol and several commercial cross linkers as emulsifiers

* Emission tests

* Theoretical correlation for solubility
* Same tests for diesel/ bio diesel
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