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⎪ Innovative engineering ⎪

“I
n an oil refinery, there are between 12 
and 23 key points in the process where 
hydrogen measurements are critical. 
Knowledge of the exact hydrogen 

percentages at these points gives a key indi-

Tshwane-based hydrogen specialist, RTS Africa Engineering, is now introducing H2scan 
hydrogen analysers, which are ideally suited to optimising the performance and efficiency of 
oil refineries. MechChem Africa talks to the company‘s MD, Ian Fraser. 

At the heart of the oil refining process is fractional 
distillation, where crude oil is heated to 350 to 400 °C 
in a column. Individual fractions condense as they reach 
the height and temperature associated with their boiling/
condensing points.

H2scan’s 2700 HY-OPTIMA gas analysers are hydrogen-specific and 
able to provide real-time continuous hydrogen concentration data 
with no cross-sensitivity to other gases such as CO, CH4 and H2S in 
the stream.

A catalytic reformer converts low-octane fractions or naphthas into high octane reformates by re-structuring the hydrocarbon molecules and separating out 
hydrogen. Using H2scan sensors to accurately monitor the hydrogen released from the process, ensures maximum process efficiency.

Hydrogen scanning for 
optimised refinery performance

cation of the efficiency of the reactions and 
using this information is key to optimising the 
performance of all refineries,” begins Fraser.

At the heart of the oil refining process 
is fractional distillation, where crude oil is 

heated to 350 to 400 °C in a column. 
Crude oil is made up many different 
hydrocarbon compounds – called frac-
tions – which all have different boiling/
condensing temperatures. 

As the gaseous compounds rise 
up the column, individual fractions 
condense as they reach the height 
and temperature associated with 
their boiling/condensing points. 
Hydrocarbon gases with the lowest 
boiling points, therefore, rise to the 
top of the column; the heavier gaso-
line, diesel and jet fuel fractions con-
dense and are taken off in the middle 
sections; and the very heavy fractions 
remain in liquid form to be tapped off 
from the bottom.

“All of the fractions produced, how-
ever, are processed further in other 
refining units, most of which require or 
produce hydrogen,” says Fraser.

Petrol or gasoline, which is ex-
tracted near the top of the column, 
is a mixture of over 500 alkanes and 
other hydrocarbons. Octane (C8) 

or Isooctane is the ‘norm’ used to achieve 
consistency, but petrol’s hydrocarbon chains 
can have between three and 12 carbon atoms, 
from C5 (pentane) to C12.

“A reformer converts low-octane fractions 
or naphthas into high octane reformates,” 
Fraser explains. “This is done by re-structuring 
the hydrocarbon molecules by separating 
out hydrogen. Hydrogen in a mixture with 
80% hydrocarbons is recycled through the 
catalytic reformer from a product separator. 
Accurately monitoring the hydrogen released 
from the process is important for controlling 
the process and to ensure maximum process 
efficiency,” he explains.

In addition, the isomerisation process 
is used to upgrade the octane rating of C5/
C6 gasoline and for benzene saturation. 
Hydrogen is combined with the C5/C6 charge 
feed in an isomerisation reactor, which relies 
on a catalyst to promote the reaction. “Unless 
the composition of the recycled hydrogen is 
known and the partial pressure of hydrogen 
across the catalyst is kept above 860  kPa 
(125  psi), rapid coking of the catalyst will 
occur, which quickly stops the isomerisation 
reaction,” he notes.

For heavier fractions, a hydrocracker is 
used to break (crack) long chain molecules 
into more useful short chain hydrocarbons. 
This process starts by mixing the heavy oil 

fractions recovered from 
crude with hydrogen. At 
very high pressures and 
temperatures in giant re-
actors – and using very ex-
pensive catalysts – the 
long chain molecules 
are ‘cracked’ into 
naphthas, kerosene 
and gas oil compo-
nents. These products 
are then used to make jet 
fuel, diesel and gasoline, with low 
octane molecules being sent back 
to the reformer to increase their 
octane level. 

“Hydrogen measurement within the recycle 
and make-up hydrogen streams is a critical and 
an H2 purity error can cost millions in diminished 
production from the hydrocracker,” Fraser notes. 

Hydrogen gas analysers are also used for 
several other post-fractional distillation refinery 
processes:
• In the butamer process, a high efficiency and 

cost-effective method for the isomerisation 
of normal butane to isobutene, hydrogen 
analysers are used to measure low-level 
hydrogen concentrations to ensure that 
adequate hydrogen is available to complete 
the reaction.

• In tail gas units: hydrogen at a ‘sweet-spot’ 
concentration of approximately 5% is used 
for the conversion of SO2 back into H2S in 
order to scrub the sulphur out of fuel gases. 

• Pressure swing adsorbers (PSAs) are used 
to increase hydrogen purity to 99.99% from 
lower purity streams, with purity level mea-
surement of the intake and offtake being 
critical.

• For hydrodesulphurisation, a catalytic chemi-
cal process used to remove sulphur from 
gasoline, jet fuel, diesel fuel and others, ac-
curate hydrogen measurement is critical for 
achieving low parts per million.

• And for fuel gas applications, hydrogen is 
mixed with natural gas to increase or de-
crease its calorific or BTU value. Hydrogen 
measurement is used in conjunction with a 
BTU analyser to optimise the fuel gas mix.

• Real time continuous monitoring of hydro-
gen levels eliminates the need to recycle 
more hydrogen than necessary and reduces 
demand for hydrogen produced from steam 
methane reforming. 

“Maintaining the correct hydrogen to hydrocar-
bon ratio in some of these processes can save 
up to US$2-million per year,” says Fraser, “along 
with other advantages such as the prevention 
of coking and the consequent extension of the 
catalyst life by up to six months.”

The H2scan series 
How does it work? “H2scan series 2700 HY-
OPTIMA gas analyser probes use a thin-film 

palladium/nickel-based lattice that desorbs 
hydrogen as it comes into contact with the sen-
sor. The palladium catalyst causes hydrogen mol-
ecules to separate into atomic hydrogen, which 
gets absorbed into the metal lattice, changing 
its bulk resistivity. 

This makes the analyser hydrogen-specific 
and able to measure hydrogen in complex gas 
streams. Solid state, non-consumable sensor 
technology is used to provide real-time con-
tinuous hydrogen concentration data with no 
cross-sensitivity to other gases in the stream, 
including CO, CH4 and H2S. “Although other 
gases such at these may be present, only the 
reaction with hydrogen can occur at a rate 
that is meaningful to the measurement,” Fraser 
explains. 

The sensor is also protected by proprietary 
coatings and, due to its solid-state construction, 
does not degrade over time. “A typical applica-
tion for our H2scan analyser is in tail gas treating, 
where the H2 level is typically around 5% but 
there can be 2-3% H2S present. Other analysers 
will be poisoned by the H2S in this application,” 
he points out.

Another advantage of H2scan products such 
as the 2730 and 2740 is that they can measure 
across a very wide range of hydrogen concen-
trations, from 0.5 to 100%. “This has allowed 
some customers to use valves to multiplex 
streams through a single analyser, which works 
well if the gas pressure at the analyser can be 
maintained at a constant level,” Fraser tells 
MechChem Africa.

“H2scan analysers offer transparency for 
plant processes, which is essential for optimising 
performance. It all boils down to economics. By 
using H2scan, a refinery can take back control 
of its production, produce better and more eco-
nomical end products at higher energy efficien-
cies and reduced maintenance and downtime 
costs – the obvious example being the longer 
life of the catalysts,” Fraser says.

“For refineries struggling with these issues, 
the starting point for getting their hydrogen-
related processes under control is to introduce 
high accuracy H2scan hydrogen analysers,” he 
concludes. q


