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Hiden Quadrupole Mass Spectrometers in action:

Gas reaction 
studies 
and catalysis 
research
Hiden Quadrupole mass spectrometers are 
used for process, environmental and research 
applications throughout the world.

This newsletter includes a selection of the 
most recent application stories from 
referenced published sources. 

Our contributors to this newsletter caught 
our eye with published articles of the 
highest quality.

Key data from Hiden QIC series gas 
analysers and the Catlab microreactor 
systems are included.

We are delighted that they have shared a 
brief synopsis of their research for our 
newsletter.
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A very big thank 
you to all who have 
contributed.



	

Customer
Stories:

Gaseous release in LiNH2–MgH2 systems
Hydrogen is considered a safe and clean alternative to fossil fuels. Hydrogen 
storage is currently obtained by compressing the gas at high pressure. 
Researchers are currently attempting to tackle safety and energy density issues  
by locking hydrogen into solids, packing large quantities into small volumes. 
However, most of the known solids (i.e. intermetallics) show very low gravimetric 
density, smaller than 2 wt% of H2. Lither materials (i.e. complex hydrides) 
can only absorb hydrogen under extreme temperature and pressure conditions. 

    MS, TPD and DSC profiles relative 
to samples: Li2:Mg600(a), Li:Mg600(b), 
and Li:Mg100(c)

    D.Pottmaier preparing the samples for measurements 
in the Catlab instrument from Hiden Analytical.

Baricco along with the NIS group are 
using the Catlab instrument from Hiden 
Analytical to observe evolved gases  
from the Li-Mg-N-H composite. With the 
thermal programmed desorption 
measurements of the Quadrupole Mass 
Spectrometer, NIS researchers were able 
to detect the temperature ranges of 
desorption depending on the material 
system—providing insights into the 
release behaviour of hydrogen and the 
dependence of ammonia on the 
processing and Li:Mg ratios within this 
class of storage materials.

Our Reference: AP0029
Project Summary by: 
Daphiny Pottmaier and Marcello Baricco 
NIS Centre of Excellence, Dipartimento di 
Chimica I.F.M., Universita’ di Torino, Italy 
www.nis.unito.it

 

Paper Reference: 
“Hydrogen release and structural 
transformations in LiNH2–MgH2 systems” 
Journal of Alloys and Compounds, In 
Press, Corrected Proof, 04-November-2010

Hiden Product: 
CATLAB-PCS Microreactor with 
integrated Mass Spectrometer for 
Catalysis Studies

Today, scientists within collaborative 
research networks in the EU and in the U.S. 
intensively investigate a promising material 
system for hydrogen storage consisting  
of lithium amide and magnesium hydride, 
which can be processed by different 
methods and in different ratios, absorbing 
and releasing hydrogen at modest 
temperatures and pressures.

“The results confirms the complexity of 
studying the solid-state hydrogen 
sorption reactions of such systems for 
hydrogen storage” says Marcello Baricco, 
Coordinator of Hydrogen Storage 
Projects inside the Nanostructured 
Interfaces and Surfaces (NIS), a Centre of 
Excellence located at University of Turin. 
“Moreover, we have added information to 
the unique features of this composite 
material, which shows the creation of new 
phases already during its synthesis and 
during its different reaction pathways”. 



	

The deactivation of a commercial Ni/Al2O3 catalyst in the liquid phase hydrogenation 
of crude 1,4-butanediol aqueous solution was investigated. H2-TPD experiments 
have been performed over the fresh and deactivated catalysts in order to determine 
the change in metal dispersion. In this experiment the gaseous products were 
monitored as a function of temperature using a HIDEN model QIC-20 mass detector. 

A new autothermal route to produce hydrogen from natural gas via chemical looping 
technology was investigated. Nowadays, 90% of the worldwide produced hydrogen 
comes from fossil fuels, the most common process being Steam Methane Reforming 
(SMR), which produces several kg of CO2 equivalent per kg of hydrogen. In classic 
SMR technology, most of the greenhouse gases are vented to the atmosphere. 
Chemical Looping Combustion (CLC) is a promising concept based on circulating 
fl uidized beds to combust solid, liquid and gaseous fuels with inherent CO2  capture 
and minimal NOx formation. Chemical Looping Reforming (CLR) utilizes similar 
principles as CLC but the objective of CLR is hydrogen, as opposed to energy for CLC.

conversion nears completion but to minimize 
combustion of the hydrogen produced, the 
oxidation state of the carrier was maintained 
below 30% (where 100% represents a fully 
oxidized surface). Co-feeding water together 
with methane resulted in stable hydrogen 
production. Although the carbon deposition 
increased with time during the reduction 
cycle, the production rate of hydrogen 
remained virtually constant. A new concept is 
also presented where hydrogen is obtained 
from methane with inherent CO2 capture in an 
energy neutral 3-reactors CFB process. This 
process combines a methane combustion 
step where oxygen is provided via an oxygen 
carrier, a steam methane reforming step 
catalyzed by the reduced oxygen carrier and 
an oxidizing step where the O-carrier is 
reconstituted to its original state. 

Tests were conducted in a micro-fi xed bed 
reactor loaded with 200 mg of NiO/NiAl2O4 as 
oxygen carrier. A mass spectrometer (Hiden 
Analytical) was coupled directly to the reactor 
exhaust. It was set to scan molecular masses 
of 2, 16, 18, 28, 32, 40 and 44 for hydrogen, 
methane, water, carbon monoxide, oxygen, 
argon and carbon dioxide respectively. The 
high sampling frequency of the outlet gases 
by the MS makes the data analysis very 
precise compared to classic laboratory tools 
typically used (i.e. reactor + GC or TGA). 
Methane reacts with a nickel oxide in the 
absence of molecular oxygen at 800oC for a 
period of time as high as ten minutes. The 
NiO is subsequently contacted with a 
synthetic air stream (21% O2 in argon) to 
reconstitute the surface and combust carbon 
deposited on the surface. Methane 

Our Reference: AP0138
Project Summary by:

François-Xavier CHIRON
Department of Chemical 
Engineering, École 

Polytechnique, C.P. 6079 Succ. C.V. Montréal 
Qc Canada H3C 3A7 Offi ce A 527.1

Paper Reference:
“Hydrogen production through chemical 
looping using NiO/NiAl2O4 as oxygen carrier” 
Chemical Engineering Science, 
Volume 66, Issue 24, 15-December-2011, 
Pages 6324-6330

Hiden Product: 
QIC-20 Gas Analysis System (QIC-20 
System now updated with the New QGA 
Atmospheric Gas Analysis System)

The TPD profi les are shown in fi gure 1. 
The profi les show two domains of H2 
peaks, one below 623K referred to as 
type-1 peaks and the other between 623K 
and 823K denoted as type-2 peaks. 
The low temperature type-1 peaks are 
generally attributed to H2 desorbed from 
the metal particles and indicate the 

exposed fraction of Ni atoms. It could be 
seen that the type-1 peak area for the 
fresh catalyst was much larger than that 
for the deactivated one. This indicates 
that aggregation of Ni occurs in the 
deactivated catalyst leading to a decrease 
in the amount of chemisorbed H2. The high 
temperature type-2 H2 peak corresponding 

with a CO2 peak between 623K and 873K 
existed just in the deactivated catalyst. 
It was attributed to the pyrolysis of the 
oligomeric species deposited on the 
deactivated catalyst during the reaction. 

Our Reference: AP0178
Project Summary by:

Yongxiang Zhao & Haitao 
Li School of Chemistry and 
Chemical Engineering, 

Engineering Research Center of Ministry 
of Education for Fine Chemicals, 
Shanxi University, Taiyuan 030006, 
Shanxi, PR China

Paper Reference:
“Study on deactivation of Ni/Al2O3 catalyst 
for liquid phase hydrogenation of crude 
1,4-butanediol aqueous solution” 
Chemical Engineering Journal, In Press, 
Accepted Manuscript, 22-June-2011

Hiden Product:
QIC-20 Gas Analysis System (QIC-20 
System now updated with the New QGA 
Atmospheric Gas Analysis System)

Study on deactivation of Ni/Al2O3 catalyst 
for liquid phase hydrogenation of crude 
1,4-butanediol aqueous solution

    Fig 1. TPD profi les of fresh (a) and 
deactivated (b) Ni/Al2O3 catalysts.

monitored as a function of temperature using a HIDEN model QIC-20 mass detector. monitored as a function of temperature using a HIDEN model QIC-20 mass detector. monitored as a function of temperature using a HIDEN model QIC-20 mass detector. 

Hydrogen production through chemical 
looping using NiO/NiAl2O4 as oxygen carrier

    The Hiden Analytical QIC-20 Mass Spectrometer in 
the Dept. of Chemical Engineering at École 
Polytechnique de Montréal with two researchers: 
Gregory Patience & Francois-Xavier Chiron



Photocatalytic Hydroxylation of Phenol  
with Fe-Al-silicate Photocatalyst:  
A Clean and Highly Selective Synthesis of 
Dihydroxybenzenes
TiO 2 photocatalytic reactions for organic synthesis have recently been the subject of 
many reports. The choice and reaction conditions of catalysts are very important in 
the phenol hydroxylation using H2O2 as oxidant. In this study, a new type of 
photocatalyst based on silicate (Fe-Al-silicate) was prepared and characterized with a 
goal to effective utilizing in photocatalytic organic synthesis of dihydroxybenzenes 
from phenol. Fe-Al-silicate, which was readily obtained by ions adsorption process, 
can catalyze the phenol to catechol and hydroquinone in the presence of H2O2 with 
the assistance of UV irradiation at the wavelength 365nm. From the FT-IR spectra 
(Fig.1), we preliminary infer that the metal elements are incorporated into the silicate. 

    The Hiden Analytical HPR-20 QIC in the 
School of Chemical Engineering and Technology, 
Tianjin University, China

But the main structure of the catalyst  
was not changed compared with the 
silicate. The band gap of Fe-Al-silicate  
is 3.1eV (Fig.2), so the absorption edge 
wavelength (λg) of catalyst is 400nm 
matched with the lamp emission 
(365nm). It is beneficial for the 
photocatalytic reaction.

This oxidation relies on the generation  
of the powerful oxidant •OH radicals as 
H2O2 reacts with a conduction band 
electron and the redox process in 
presence of iron ions, then phenol can  
be directly converted into catechol  
and hydroquinone by reacting with •OH. 

The catalyst showed high activity and 
selectivity on photocatalytic phenol 
hydroxylation, which was then pursued 
under various parameters in attempts to 
find the optimal reaction conditions.  
The effects of various parameters, such as 
types and amount of co-solvent, amount of 
catalyst, reaction time and amount of H2O2, 

Entry Catalyst /g UV light
Phenol 

conversion 
(%)

Yield (%) Selectivity 
(%)

Catechol Hydroquinone

1 No Yes 31.7 3.4 no detected 10.7

2 0.1 No 8.0 no detected no detected -

3 0.1 Yes 64.9 39.3 22.3 95.0
a phenol, 0.5g; water, 15.0mL; acetonitrile, 4.0mL; H2O2, 1.0mL; reaction time, 4.0h

Table 1: Hydroxylation of phenol under different condition a

responsibility for these phenomena. 
Above all, the selectivity of photocatalytic 
hydroxylation decreased while by-
products increased at extended reaction 
times or large amounts of catalyst and 
H2O2. Acetonitrile was found to be an 
effective co-solvent to facilitate the 
photocatalytic hydroxylation process. 
Through an improvement of photocatalyst 
with a convenient and cost-effective 
preparation, environmentally-friendly 
industrial production of 
dihydroxybenzenes utilizing photocatalytic 
techniques could be realized. 

on photocatalytic hydroxylation of phenol 
were studied to explore the better reaction 
conditions. The addition of appropriate 
amount acetonitrile can increase the yield. 
Longer reaction time directly increased the 
phenol conversion, during the first 4h of 
reaction, accumulation of catechol and 
hydroquinone was concomitant with the 
removal of phenol. The yield of catechol 
and hydroquinone can reach 39.3% and 
22.3%, respectively. Meanwhile, the 
selectivity can reach 95% (Table 1). 

H2O2 is so reactive and non-selective that 
oxidative degradation and mineralization 
are prevalent, the phenol conversion was 
increased by a high concentration of 
H2O2, but it decreased the selectivity. The 
conversion of phenol increased when 
continuously increasing the amount of 
catalyst, but the yield and selectivity 
decreased when the catalyst loading was 
increased to 0.15g. The active catalytic 
sites may be considered to have 

Our Reference: AP0172
Project Summary by: 

Tianyong Zhang 
School of  

Chemical Engineering and Technology, 
Tianjin University, Tianjin 300072, China

Paper Reference: 
“Photocatalytic hydroxylation of phenol 
with Fe–Al-silicate photocatalyst:  
A clean and highly selective synthesis  
of dihydroxybenzenes” Catalysis 
Communications, Volume 12, Issue 11, 
10-June-2011, Pages 1022-1026.

Hiden Product: 
HPR-20 QIC Real time gas analyser for 
multiple species gas and vapour analysis

    Fig.2 UV-vis 
diffuse 
reflectance 
spectrum of 
Fe-Al-silicate 
calcined at 
500°C for 5h

    Fig. 1 FT-IR 
spectra of 
Fe-Al-silicate 
and silicate 
calcined at 
500°C for 5h.

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 Products referenced in our 
Customer Stories in this issue:

In thePress:

A catalyst characterisation and microreactor 
system designed to make the analysis of 
catalysts rapid and simple:

 ■ Pulse Chemisorption 
 ■ TPD, TPO, TPR, TP-Reaction 
 ■ Catalyst Screening 
 ■ On-Line Continuous Product Analysis 
 ■ Metal Surface Area 
 ■ Active Surface Area 
 ■ Reaction Kinetics 
 ■ Mechanisms of Surface Reactions 
 ■ Heats of Adsorption 

Hiden CATLAB-PCS for Catalysis Studies

Real time gas analyser for multiple species gas 
and vapour analysis. Compact bench top 
analysis system for production and research 
applications:

 ■ Process Monitoring 
 ■ In-Situ Analysis 
 ■ Contamination Studies 
 ■ CVD / MOCVD 
 ■ Environmental Gas Analysis 
 ■ Thermal Analysis Mass Spectrometry 
 ■ Catalysis Studies / Reaction Kinetics

Hiden HPR-20 QIC Real time Gas Analyser

QIC BioStream headspace  
and dissolved gas monitor 
(Our Reference: PR0052)

The Hiden QIC 
BioStream system 
is specifically 
configured for 
real-time 
continuous analysis 

of both headspace and dissolved species. 
Application-specific process interspaces 
include fast automated stream-switching 
modules together with a series of membrane 
interfaces configured for both static and 
dynamic flow monitoring.

Applications include biogas production, 
monitoring liquid and semi-liquid media such 
as sea and fresh water and soils, general 
fermentation and microbiological processes, 
photosynthesis

Residual gas analysers for  
UHV/XHV Studies 
(Our Reference: PR0045)

The latest Hiden 
residual gas 
analysers are now 
specifically 
configurable for 
operation at 
extreme vacuum 

pressures, with minimum detectable partial 
pressure measurement capability as low as 
5x10E-15 millibar.

Yttriated iridium filaments are used to 
minimise ion source operating temperature 
and degas levels. All metal surfaces 
surrounding the ionisation region are gold 
layered to restrict the creation of desorbed 
ions by electron beam stimulation.

Systems are available for conventional 
residual gas measurement and for molecular 
beam and laser ionisation studies. 
Applications include sentry monitoring of 
particle accelerators and beam lines, space 
simulation chamber monitoring, thermal 
desorption studies

(Hiden’s QIC-20 Gas Analysis System has now 
been updated with the QGA System).

A compact bench top analysis system for real 
time gas and vapour analysis:

 ■ Gas Reaction Studies
 ■ Fuel Cell Reactions Studies
 ■ Contamination Studies 
 ■ Fermentation Analysis
 ■ Environmental Gas Analysis 
 ■ Thermal Analysis Mass Spectrometry 
 ■ Catalysis Studies / Reaction Kinetics

QGA Atmospheric Gas Analysis System



Hiden’s quadrupole mass spectrometer systems address a broad application range in:

Hiden Analytical Ltd. 
420 Europa Boulevard 
Warrington 
WA5 7UN 
England 
Tel: +44(0)1925 445225
Fax: +44(0)1925 416518
Email: info@hiden.co.uk
Web: www.HidenAnalytical.com

Sales Offices:
We have sales offices situated around the globe. 
Visit our website for further information.

Gas Analysis
 ■ dynamic measurement 

of reaction gas streams
 ■ catalysis and thermal 

analysis
 ■ molecular beam studies
 ■ dissolved species 

probes
 ■ fermentation, 

environmental and 
ecological studies

Surface Science
 ■ UHV TPD
 ■ SIMS
 ■ end point detection in 

ion beam etch
 ■ elemental imaging - 

surface mapping

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

Hiden
Applications


