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ONE IN A MILLION
Accurate exhaust measurements for cleaner mobility 

Strict emissions thresholds are prompting the automotive industry to develop cleaner  
engines. Automotive lab tests use highly sensitive instruments to measure even the  
slightest traces of pollutants. To ensure that these instruments deliver accurate results,  
however, they have to be calibrated using extremely precise gas mixtures. Linde  
offers a vast selection of calibration mixtures for a wide range of pollutants. One of  
these has even made its way into the Guinness Book of Records.

been delivering these kinds of mixtures under the brand SPECTRA® for 
many years now in specialty gas cylinders ranging in size from port-
able solutions to six-foot cylinders. The company Bosch, for example, 
uses Linde gases to test its exhaust sensors before they are installed 
in cars. “We need highly precise mixtures for our sensor tests so that 
we can simulate the exact exhaust emissions produced by petrol and 
diesel vehicles,” says Vaclav Pixa, Technical Plant Manager at Bosch 
in the Czech Republic. “Business continuity for our labs hinges on a 
continuous, reliable supply of these specialty gases,” adds Pixa.

The stricter emissions standards presented Linde with new chal-
lenges. Instruments that measure concentrations in parts per mil-
lion (ppm) require precisely prepared calibration gases. “Our gas 
mixtures must be suitable for analysing samples with ppm accuracy, 
but also for detecting several different substances,” explains Hayes. 
These include emissions such as nitrogen oxides and highly volatile 

hydrocarbons known as volatile organic 
compounds (VOCs). “So we need to mix a 
range of gases with ppm detection capa-
bilities. We have been refining our mixing 
procedure for several years now,” contin-
ues the Linde expert. Hayes and his col-
leagues had to focus in particular on the 
effects of water and oxygen molecules as 
they immediately chemically react with 
some calibration gases and would quickly 
render a mixture unusable. In their new 
process, water molecules are expelled by 
heating the cylinders in a multi-step pro-
cess. Any remaining oxygen molecules are 

“We need highly precise 
specialty gas mixtures  
for the sensor tests to simu-
late vehicle emissions.”
Vaclav Pixa, Bosch

MOBILITY

FEATURED TOPIC: INNOVATING FOR TOMORROW

There are around one billion cars in the world today. And each one 
needs fuel. Vehicle engines guzzle billions of tonnes of petrol and 
diesel, releasing a range of combustion residues. Many of these pollu- 
tants can cause respiratory problems. Some are even carcinogenic. 
Modern catalysts and soot filters have enabled car manufacturers to 
make vehicles cleaner. However, global emissions thresholds are set 
to fall further. In the European Union, for example, the new Euro 6 
standard will bring the ceiling for emissions even lower in 2014. The 
nitrogen oxide threshold for petrol engines will be capped at 60 mil-
ligrams per kilometre, down significantly on the 150 milligrams per-
mitted at the start of 2000.

This makes it increasingly difficult for car manufacturers and 
emissions testing bodies to accurately measure the dwindling con-
centrations of pollutants in exhaust gases. “We are talking about 
detecting just a few pollutant particles in one million parts of air,” 
explains Michael Hayes, Head of Environ-
mental & Calibration Gases at Linde US. 
“Measuring a few parts per million or parts 
per billion is like looking for a needle in a 
haystack,” adds the Linde expert. An ana-
lytical instrument has to be extremely pre-
cise and – even more importantly – per-
fectly calibrated to accurately measure 
whether an engine is clean enough to 
comply with the requisite thresholds. Test 
institutes, carmakers and even manufac-
turers of sensor chips all calibrate their 
equipment using standardised gas mixtures 
dosed to exact specifications. Linde has 
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removed using a vacuum pump. The specialty gases experts also had 
to choose the right cylinder lining to ensure that no gas molecules 
would attach to the surface or react with the material. “We had to 
continually assess our equipment and test every step to ensure we 
were filling the exact gas volumes every time,” says Hayes.

Filling over 100 substances with ppm accuracy
Petrol and diesel are almost entirely made up of volatile organic 
compounds. In a car engine, these are combusted to other com-
pounds such as carbon dioxide. However, in the first five minutes 
after a vehicle has been started, the engine is still cold and can-
not burn all of its fuel. Dozens of different pollutants are released in 
these five minutes, including a lot of VOCs. This is particularly dan-
gerous because many VOCs are carcinogenic. Previously, these com-
pounds were grouped together in emissions testing under one value 
known as the total amount of hydrocarbons. “The stricter emissions 
standards now stipulate that values for certain VOCs have to be listed 
separately,” continues Hayes. As a result, the calibration gas cylin-
ders from Linde’s labs not only contain nitrogen oxides but also car-
bon dioxide and a wide range of VOCs. The record for the number 
of different chemical substances in one cylinder currently stands 
at 110, and each one has a concentration of exactly one ppm less 
any preparation and analytical uncertainty. It takes two days to fill 
a cylinder with multiple components to this degree of accuracy. This 
approach has earned Hayes a lot of respect from his peers and Linde 
an entry in the Guinness Book of Records. “These are the kinds of 
precise, complex measurement standards that you would normally 
only find at state-run calibration and testing institutes such as Ger-
many´s Federal Institute for Materials Research and Testing,” confirms 

Stephen Harrison, Global Head of Specialty Gases & Specialty Equip-
ment at Linde. “Our SPECTRA® VOC calibration gas mixture under our 
HiQ® brand places us one step ahead. No other institute can create 
a calibration gas mixture with this many VOCs and other pollutants 
to this level of accuracy,” adds Harrison. The team’s success confirms 
Harrison’s statement – Linde’s lab was the first one worldwide to 
be accredited to the international standard ISO 17025 for measuring 
equipment used to detect VOCs. 

And the future certainly seems bright for this Linde develop-
ment. It can also be used to detect other pollutants, for example 
those generated during the combustion of the eco-friendly biofuel 
ethanol. Formaldehyde is a prime example here. As ethanol becomes 
more widely used, this carcinogen is set to become an increasingly 
important risk factor. In the US, for example, the measurement of 
formaldehyde levels is already stipulated by health regulation CFR 
1065. Ammonia is another case in point. It is used in modern Diesel 
vehicles to neutralise nitrogen oxide in emissions. If an engine is not 
working properly, the ammonia can get into exhaust fumes and sub-
sequently the surrounding air. Moving forward, emissions thresholds 
are set to fall further, making testers’ jobs even more challenging. 
In the US, for example, environmental regulations already stipulate 
the measurement of further greenhouse gases such as nitrous oxide. 
With exact calibration gas mixtures from Linde, however, even these 
challenges can be easily mastered. 
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Rush hour around the clock: A sea of traffic surges  
through our cities, spraying pollutants into the air.  
Stricter thresholds are designed to stem these  
emissions. To run accurate exhaust tests on engines  
(below), car manufacturers and testing bodies rely  
on precision gas mixtures from Linde, which they use  
to calibrate sensitive measuring instruments for  
their laboratory test bays.

LINK: 
 www.dieselnet.com




