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Introduction
The use of ammonia as a fuel is gaining interest at international level. Ammonia is a well-known chemical product
used in the agriculture market for fertilizers production. It can be used as a fuel in traditional and innovative power
generation plant. NH3 is a carbon free compound and can be directly oxidized to produce heat or decomposed into
nitrogen and hydrogen. Literature reports studies on the use of ammonia in gas turbines, internal combustion
engines and in fuel cells. Looking to fuel cells, ammonia is mainly used as a fuel in basic fuel cells, that are the
ones in which the electrolyte ions have negative charge (anions). Positive experiences are reported on the use of
ammonia in alkaline fuel cells (AFCs), and, recently, in Solid Oxide Fuel Cells (SOFCs). In particular, NH3 was
successfully used in SOFCs thanks to high operating temperatures (600-800°C) and the presence, in the anode, of
nickel that catalyzes both electrochemical reaction and ammonia decomposition. Similarly to SOFCs also Molten
Carbonate Fuel Cells (MCFCs) operate in the ammonia decomposition temperature range (600-700°C) and have
nickel as catalyst in the anode. Compared to SOFC, MCFC technology is fully mature with industrial operating
systems in the MW range. Nowadays MCFC systems are mainly fueled with natural gas or biogas. Ammonia is
an interesting opportunity for the technology since the use of NH3 does not require consistent innovation at cell
and at system level. Considering the operating conditions of the MCFC technology, the ammonia decomposition
is expected to complete the reaction rapidly in the cell, so to yield hydrogen to the anode. There is no experience
on the use of ammonia as a fuel in MCFCs. The introduction of NH3 in a MCFC anode is reported only once, to
evaluate potential contamination of ammonia and the risk of electrolyte poisoning. Results show how the
introduction of 500 ppm of NH3 does not cause any degradation of performances. Thus, the only evidence
available in literature does not give any reference for the use of ammonia in MCFC but, since no degradation was
detected, it is a positive starting point for this new potential development.
In this study the use of ammonia in MCFC is presented for the first time. A preliminary model was developed to
evaluate gas flows compositions and cell performances.

Conclusions
This study investigates the opportunity of operating MCFC with ammonia as a fuel. The technology is suitable
for considering the use of ammonia. Temperature levels and available catalyst suggest high potentialities for a
two steps reaction, like is SOFC: ammonia is decomposed into nitrogen and hydrogen and, subsequently,
hydrogen reacts electrochemically in the cell. The supply of CO2 at the cathode is an open issue that has to be
solved at system level. A potential operating condition for the technology was evaluated and modeled. The MCFC
can operate with ammonia as a fuel with an efficiency of 63.9 %. Experimental results are necessary to implement
the model and to evaluate potential degradation issues of the cell materials when exposed to ammonia.
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Introduction
Ammonia is a key impurity present in coke oven gas (COG) produced as a result of coke manufacturing for
steelmaking. At Tata Steel Port Talbot (UK), approximately 44,000 m3 of COG containing 264 kg of ammonia
are produced every hour, with comparable quantities produced at many steelmaking sites globally. COG cleaning
processes yield a concentrated aqueous ammonia stream, composed of ammonia, hydrogen sulfide, carbon dioxide
and phenolic tars. Presently, the mixture is incinerated, contributing to air pollution and wasting potentially
valuable products. In comparison with hydrogen, ammonia is carbon-free, easier to liquify, has a higher
volumetric energy density [1] and can potentially function as a hydrogen carrier for fuel cell technology.
Solid oxide cells (SOCs) are high temperature (500-800 °C) electrochemical energy conversion devices capable
of operating on hydrogen-, carbon- and nitrogen-based fuels. This work investigates the conversion of aqueous
ammonium hydroxide (28 wt%) mixtures using a commercially available anode-supported solid oxide cell. The
mixtures studied simulated the waste ammonia streams produced from coke-making processes and investigated
the effect of ammonia in water on SOC performance. The electrical performance of the cell was characterised
using current-voltage (I-V) curves and the output gases of the cell were measured in real-time using quadrupole
mass spectrometry (QMS). The QMS analysis enabled measurement of emissions and the reactant conversion
pathways to be established.

Materials and Methods
An experimental rig was built to perform electrochemical experiments and enable characterisation of output gases
of anode-supported button cells (ASC) (FCM, ASC-2.5, 213309). The cells were composed of state-of-the-art
commercial materials: the anode was made of nickel yttria-stabilized zirconia (Ni-YSZ), the electrolyte was made
of yttria stabilized zirconia (YSZ) and the cathode of lanthanum strontium cobaltite (LSC). There was a barrier
layer between the electrolyte and electrodes made of gadolinia-doped ceria (GDC). The cell was mounted using
a Fiaxell open flanges testing set up which enabled operation of the cell at 750 °C. Experiments were conducted
using hydrogen (H2) (Air Liquide, 99.999%) which was supplied to the anode using Bronkhorst Flow-SMS mass
flow controllers. Aqueous solutions of ammonium hydroxide (35 wt% NH3, Fisher Chemical, 10305220), phenol
(Sigma Aldrich, 102229116) and ammonium carbonate ((NH4)2CO3) (Sigma-Aldrich, CAS: 506-87-6, ≥30.0%
NH3 basis) were supplied through a Leadfluid CT3001F peristaltic pump. Blended air (Air Liquide, 99.999%)
was supplied to the cathode through a rotameter. The output gases were dried and analysed using an MKS
Instruments Cirrus 2 quadrupole mass spectrometer.

Results and Discussions
From the current-voltage (I-V) and power curves (see Fig. 1), it can be observed that addition of ammonia
decreased activation losses in fuel cell mode, with minimal concentration losses observed below 0.4 V. The cell
produced less current under NH4OH due to the decrease in the open circuit voltage, but overall produced
comparable levels of power. In electrolysis mode, the performance of the cell was lower, with more substantial
activation losses and some minor concentration losses observed [2]. The cell performance increased as more
NH4OH solution was fed to the cell, with the highest performance observed under 80 vol% NH4OH solution.
Analysis of the output gases by QMS (see Fig. 2) showed that ammonia decomposed on the Ni-YSZ anode
according to equation 1 without NOx formation [3-4]. Hydrogen was then electrochemically oxidized to yield
power and water in fuel cell mode, whilst in electrolysis mode hydrogen was produced by electrochemical water
reduction.
2NH3 ⇌ N2 + 3H2

[1]

Fig. 1. I-V curves of the cell operating on mixtures of aqueous ammonia and hydrogen at 750 ˚C.

Fig. 2. Measurement of output gases from the cell operating on 28 vol% ammonia solution and hydrogen.

Conclusions
Ammonia rich waste streams are produced in large quantities as part of coke production processes required for
steelmaking. This work has investigated the utilization of 28 vol% ammonium hydroxide solution using a
commercially available anode-supported solid oxide cell. Quadrupole mass spectrometry showed that ammonia
decomposed completely on the anode to form hydrogen and nitrogen with no apparent NO x formation. The results
have shown that clean aqueous ammonia streams can be straightforwardly utilized in a solid oxide cell, which
enable efficient conversion and total disposal of ammonia to yield electrical power and heat in fuel cell mode, or
hydrogen-rich gas mixtures in electrolysis mode.
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