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Customer Research:

Evaluation and mechanistic investigation
of a AuPd alloy catalyst for the
hydrocarbon selective catalytic reduction
(HC - SCR) of NOx
Diesel engines are becoming ever more popular for automotive applications principally

offers the potential to reduce NOx emissions using un-burnt hydrocarbons in a

Our Reference:
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compression ignition diesel injection engine exhaust stream, negating the need for an

PROJECT SUMMARY BY:

due to their higher fuel efficiency. However, the increasingly stringent emission legislation
has created a need to develop improved after-treatment systems. HC-SCR technology

external reductant such as ammonia. It has the potential to reduce the overall capital
cost of a vehicle as it does not require the additional infrastructure associated with the
current state-of-the-art (NH3-SCR) system. Furthermore it allows for the simultaneous
removal of both NOx and un-burnt hydrocarbons from the exhaust owing to a more
intensified and robust emission control system. However for this technology to become a
commercially attractive competitor to the NH3-SCR system, it must demonstrate activity

Conor Hamill, CenTACat

at low temperatures and be able to operate across a wide temperature range.

School of Chemistry and Chemical
Engineering, Queen’s University Belfast,

In our study we utilise the ability of gold and

activity is more selective to N2O production.

Belfast, BT9 5AG, UK

palladium bimetallic catalysts to selectively

Due to the high levels of N2O production,

oxidise hydrocarbons to enhance the

along with the various other gas phase
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hydrocarbon selective catalytic reduction of

species present, this gold and palladium

NOx, a reaction in which the interaction of

alloyed catalyst is not suitable for

partial oxidation intermediates is considered

commercial application. However it is

important. We report a synergetic effect

possible to utilise the findings of this study

associated with alloying Au with Pd,

to develop a catalyst that allows functional

producing a catalyst that is more active for

control over the rates of both of these

NOx conversion than the corresponding

parallel reactions, yielding a more selective

mono-metallic materials. Furthermore we

low temperature HC-SCR catalyst.

Conor Hamill et al. (2014) “Evaluation and
mechanistic investigation of a AuPd alloy
catalyst for the hydrocarbon selective
catalytic reduction (HC-SCR) of NOx” Applied
Catalysis B: Environmental 147, 864-870

HIDEN PRODUCT:
HPR-20 QIC TMS Transient Mass
Spectrometer

demonstrate that the interaction of partially
oxygenated species with NO over these
catalysts yields gas phase benzonitrile. Using
our Hiden HPR-20 mass spectrometer to
conduct steady state isotopic analysis we
exclusively display that the direct interaction
of this nitrile with NO leads to the formation
of N2 and N2O (see Figure 1). Analysis of the
results suggests that there may be two
competing parallel reaction pathways for the
consumption of these –CN species, both of
which are critical in dictating the N2
selectivity of a HC-SCR catalyst. The nitrile
may be readily reduced by NO to produce
N2, or it may be further oxidised leading to
formation of N2O. It has been demonstrated
that a catalyst with better combustion
FIGURE 1: The evolution / consumption of various reactants and products as a function of temperature
for the reaction between 14N-benzonitrile and isotopically labelled 15NO over 0.5wt%Au.0.5wt%Pd / TiO2.
The corresponding m/z values measured were as follows: 14/15N2 (m/z:29), 14/15N2O (m/z:45), 14NO (m/z:30),
15/15
N2O (m/z:46), 14N-benzonitrile (m/z:103).
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Customer Research:

The Effect of Alcohol Concentration on
the Mass Signal of CO2 Detected by
Differential Electrochemical Mass
Spectrometry (DEMS)
Differential electrochemical mass

of small organic molecules. Comparing to

spectrometry (DEMS) has been extensively

the solution with low alcohol concentration

used for studying fuel cell related

and the same CO2 concentration, a

electrocatalytic reactions and proven to be

significant reduction of mass signal of CO2 in
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crucial for deriving molecular level insight for

highly concentrated methanol and ethanol
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such processes. It has a great advantage in

solution (>0.1 M) were observed. Such

not only qualitative but also quantitative

results reveal that in solutions with high

analysis such as products rate and current

alcohol concentration, alcohol molecules will

efficiencies of various products from

significantly affect the mass calibration

complex reactions. For all quantitative

constant for CO2. When the alcohol

studies, precise calibration of the mass

concentration is above 0.1 M, it is

signal is a prerequisite. In this work, we

inappropriate to use the mass calibration

report the effect of alcohol concentration on

constant derived from CO oxidation in

the detected DEMS signal of CO2, a common

alcohol free solution as usually done in the

final product from electrochemical oxidation

literature.

Wei Chen, Qian Tao, Jun Cai
and Yan-Xia Chen
Hefei National Laboratory for Physical
Sciences at Microscale, Department of
Chemical Physics, University of Science
and Technology of China, Hefei, 230026,
China
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FIGURE 1: To simulate the solution containing various
amount of CO2 produced during electrocatalytic
oxidation of alcohols, the solution is purged with a gas
mixture of N2:CO2=500 sccm: 0-5 sccm in -1) pure
water (triangle), 2) 0.1 M (diamond), 3) 1 M (square)
and 4) 2 M (circle) (a) CH3OH or (b) C2H5OH as a
function of CO2 flow rate in the N2+CO2 gas.
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Customer Research:

Effect of catalyst structure on
steam reforming of toluene over
Ni/La0.7Sr0.3AlO3−δ catalyst
We focused on steam reforming of biomass tar, which is an alternative to fossil fuels and

catalyst and this deactivates the catalyst. Nevertheless, it was revealed that Ni/La0.7Sr0.3AlO3-δ

Our Reference:
AP0955

has high activity and low carbon deposition during toluene steam reforming. In this

PROJECT SUMMARY BY:

includes toluene-like compounds in its structure. Generally, for Ni supported on metal
oxide (Ni/metal oxide), aromatic hydrocarbons tend to form carbon covered active sites of

reaction, lattice oxygen plays an important role for oxidizing surface carbon and
decomposing reactant toluene. Therefore, we needed to confirm the relationship between
lattice oxygen release rates from the metal oxide and reaction rates, amounts of deposited
carbon by detecting the emission behavior of lattice oxygen in/on the perovskite oxide.

Yasushi Sekine
Department of Applied Chemistry,

To elucidate the emission behavior of lattice

existence of Ni is significant for lattice oxygen

oxygen, H218O SSITKA (Steady State Isotopic

release. Thereby, the calcination temperature

Transient Kinetic Analysis) was adopted

of the Ni nitrate (the precursor of Ni) was

using Hiden HPR-20 system. This isotopic

changed to control Ni particle size on each

transient test was conducted according to

Ni/La0.7Sr0.3AlO3-δ catalyst. Consequently, each

the following procedure: the first reaction

catalyst had different Ni metallic surface area

Kento Takise, Masaya Imori, Daiki Mukai, et

gas including H218O: composite gas

and perimeter between Ni and metal oxide.

al. (2015) “Effect of catalyst structure on

comprising C7H8: H O: H O: Ar: He = 1.5%:

As the calcination temperature of supported

steam reforming of toluene over Ni/

6.3%: 14.7%: 5%: 72.5% (total: 200 mL/min)

Ni decreased from 1373 K to 1073 K, the

was introduced into a tubular reactor for 30

release rate of lattice oxygen increased from

min to replace the lattice oxygen in/on the

22.8 to 64.0 mol sec-1 g-cat-1. Concurrently,

HIDEN PRODUCT:

perovskite oxide by O. After the first

toluene conversion and hydrogen yield

reaction, surface adsorbents were purged

drastically increased from 4.7% to 49.9% and

HPR-20 QIC R&D Real-time gas analyser

by inert gas for 120 min. Subsequently, the

from 4.1% to 41.9%, respectively. On the

second reaction gas not including the

other hand, the carbon deposition declined

isotope: composite gas comprising C7H8:

significantly from 111.1 to 29.9 mg g-cat-1.

16
2

18
2

18

H O: Ar: He = 1.5%: 21%: 5%: 72.5% (total:

According to these results, lattice oxygen

200mL/min) was flowed into the reactor;

enhances the catalytic activity and stability,

simultaneously release rates of lattice

oxidizing surface carbon and toluene.

16
2

oxygen were calculated by isotopic
generated gas, i.e. C18O, C16O18O, C18O2
measured with a Quadrupole Mass
Spectrometer (HPR-20 QIC; Hiden Analytical
Ltd). This experimental method enables
investigation of lattice oxygen release and
compares it with several catalysts having
different structures.

Additionally, we evaluated the lattice oxygen
release rate and catalytic activity per unit of
Ni surface and perimeter respectively. There
was better correlation between lattice
oxygen release rate and catalytic activity per
unit of perimeter i.e. mmol m-1 sec-1 for C1
gas yield. Therefore, in conclusion, we
hypothesise release of lattice oxygen occurs

Release of lattice oxygen was observed only

mainly at the interface between Ni particles

for Ni metal supported on metal oxides like

and the metal oxide, La0.7Sr0.3AlO3-δ.

La0.7Sr0.3AlO3-δ, which suggests that the
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3-4-1, Okubo, Shinjuku,
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Japan
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La0.7Sr0.3AlO3−δ catalyst” Applied Catalysis A:
General 489, 155-161

FIGURE 1: Lattice oxygen release monitored by the Quadrupole mass spectrometer and reaction mechanism.

FIGURE 2: Effect of Ni particle size on the redox properties and reactivity of the catalyst.
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Customer Research:

Low temperature catalytic oxidation of
H2S over V2O5/CeO2 catalysts
Our research project concerns the abatement of H2S from a biogas stream by partial and
selective oxidation to sulphur and water.
Hydrogen sulfide (H2S) is one of the most
toxic compounds usually present in fuel,
oil and gas refinery processes. In particular,
it’s also present in little amount in biogas
which is a renewable energy carrier
obtained from the anaerobic digestion of
organic substrates. The main compounds
are CH4, CO2 but there are also sulfur
compounds present.
Next to the traditional catalytic oxidation
processes such as the Claus process used for
the abatement of H2S, an interesting one-step
solution for the clean-up of biogas from H2S
could be, for small plants, selective catalytic
H2S oxidation to sulfur at low temperatures.
The partial H2S oxidation reaction is carried
out in presence of vanadium-based catalysts
that were identified, from a previous screening
of catalysts, to be very active and selective to
sulphur.
The catalytic tests were carried out in a fixed
bed flow reactor, inserted in an electrical
furnace equipped with a PID electronic
temperature controller. A thermocouple is
inserted in a steel sheath of inner diameter

Our Reference:
AP0877
PROJECT SUMMARY BY:
Vincenzo Palma and 		
Daniela Barba
Department of Industrial Engineering

of 6 mm concentric to the reactor. The
catalytic tests were performed at
atmospheric pressure with a contact time of
20 ms, at temperatures between 150 and
250 °C, by feeding 200 ppm of H2S, 100
ppm of O2 and N2 to balance.

University of Salerno

The scheme of the laboratory plant is shown
in Figure 1.

temperature catalytic oxidation of H2S

The exhaust stream (H2S, O2, H2O) was
analyzed by a quadrupole mass
spectrometer (Hiden HPR-20 QIC). It was
equipped with a sulfur trap to prevent sulfur
causing the occlusion of the capillary and
damage to the fundamental parts of the
analyzer. The concentration of SO2, which
may be present at a very low concentration
level in the stream leaving the reactor was
monitored by an analyzer FT-IR Multigas in
continuous, consisting of the
spectrophotometer Nicolet Antaris IGS
Thermo Electron, with a specific cell for gas.

Journal of Hydrogen Energy 39 (36),

In Figure 2, the typical behavior of a catalytic
test performed at 150 °C on the 20 wt%
V2O5/CeO2 sample is shown, by plotting the

Via Giovanni Paolo II
132, Fisciano, SA, Italy
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concentration profiles of the reactants (H2S, O2)
and the products (SO2, H2O) during the test.
After 10 minutes, the feed stream was sent
to the reactor after which it is possible to
see a significant decrease of the H2S, O2
concentration with SO2 and water production.
The concentration values of H2S, O2 and SO2
reached a stationary value after 10 min on
stream. The final H2S and O2 conversion
values were 98% and 94% respectively, with
a very low SO2 selectivity (1.5%).
The water formation, indicated by the
behavior of the signal m/z =18, after the
initial transient time of about 20 min, was
stable during the overall test time.
The catalyst has shown a good catalytic
activity without evident deactivation
phenomena during the test time.

FIGURE 1: Schematic diagram of the experimental apparatus.
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FIGURE 2: Catalytic activity test for the catalyst
20 wt% V2O5/CeO2 at 150°C.
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Related Products:
HPR-40 DSA – for Analysis of Gases,
Vapours & VOCs in Liquids
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Hiden Analytical
HPR-40 Dissolved
Species Analyser

A compact bench-top gas analysis system
for real-time quantitative analysis and
monitoring of dissolved/evolved gases in
solution and other diverse environments:
Dissolved Species Analysis
Fermentation Process Analysis
Environmental Monitoring
Soil Core Analysis
Groundwater Contamination Studies
Water Analysis in Estuary, River or Reservoir
Methane Production Control
Microbiological/Enzyme Activity Studies

HPR-20 QIC TMS - for Fast Event
Transient Analysis
The HPR-20 QIC TMS system is a
compact bench-top gas analysis
system for fast event gas studies:
Transient Kinetic Analysis
In-Situ Analysis
Contamination Studies
Environmental Gas Analysis
Thermal Analysis Mass Spectrometry
Catalysis Studies / Reaction Kinetics

QGA – for Real-time Gas & Vapour Analysis
A compact bench-top analysis system for real-time gas and vapour analysis:
Thermal Analysis Mass Spectrometry
Catalysis Studies/Reaction Kinetics
Gas Reaction Studies
Fuel Cell Reaction Studies
Contamination Studies
Fermentation Analysis
Environmental Gas Analysis

The HPR-40 DSA mass spectrometer system was
introduced specifically for measurement of gases
and vapours in aqueous media. Product
development is application driven, with
introduction of new media interface styles an
on-going process to address novel user
requirements and encompassing measurement in
areas such as fermentation processing,
photosynthesis, electrochemical reaction studies,
water quality and soil condition assessment, plant
root performance, analysis of enzyme kinetics.
A fine membrane separates the aqueous media
from the mass spectrometer sample intake, the
membrane providing a very significant enrichment
in gaseous throughput relative to that of water
vapour. Interface types include insertion probes for
direct immersion in the liquid media, flow-through
patterns, cuvette styles for photo-sensitive biofuel
studies, DEMS cells for monitoring of
electrochemical reactions. The media interface
flexibility is of significant interest for multiple
application users in university and research
laboratories, and all systems are equipped with
automated inlet isolation to protect the system
from overpressure in the event of membrane
malfunction.

For further information on these or any
other Hiden Analytical products
please contact Hiden Analytical at
info@hiden.co.uk or visit the main website
at www.HidenAnalytical.com
If you would like to submit a project
summary for consideration in our next
Newsletter, please email a brief summary
(approx. 500 words) and corresponding
images to marketing@hiden.co.uk

Hiden’s quadrupole mass spectrometer systems address
a broad application range in:
GAS ANALYSIS
dynamic measurement of reaction gas streams
catalysis and thermal analysis
molecular beam studies
dissolved species probes
fermentation, environmental and ecological studies

SURFACE ANALYSIS
UHV TPD
SIMS
end point detection in ion beam etch
elemental imaging – 3D mapping

Hiden Analytical Ltd.
420 Europa Boulevard
Warrington WA5 7UN England

PLASMA DIAGNOSTICS
plasma source characterisation
etch and deposition process reaction kinetic studies
analysis of neutral and radical species

VACUUM ANALYSIS
partial pressure measurement and control of process gases
reactive sputter process control
vacuum diagnostics
vacuum coating process monitoring
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Sales Offices:
We have sales offices situated around
the globe. Visit our website for further
information.

