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Know the application
The specification of design qualification (DQ) is highly important 
and often underestimated. Through the DQ, a customer can 
ensure that the instrument has the necessary functions and 
performance criteria for the application. A proper design 
qualification also helps to separate the important from the less 
important features and allows the customer to survive the “battle 
of features” that is often waged by instrument vendors.

In determining design requirements, it helps, if customers can 
specify for what application they intend to use the spectrometer. 
One should ask: What is the primary function or the primary 
problem I want solved? Do I need to test fuels for a particular 
material specification? Do I want to optimise my blending 
process or comply with government or transport regulations? 
Specifications should follow from those answers and reflect the 
user’s requirements. 

The design qualification also should include the answers to some 
very basic application-related questions. For example, will a fuel 
truck driver be able to measure fuel quality with the instrument? 
Or, will the  analyzer be used by  a trained spectroscopist? The 
requirements for various user groups will be fairly different.

Get to the core purpose
A first step in developing a specification is to get to the core 
purpose. Spectrometers can be used to measure many liquids, but 
a qualified spectrometer is already set up for a specific purpose. 
For example, a fuel analyzer may already be set up to measure 
gasoline, diesel and jet fuel, and not set up to measure waste 
water or solvents.

Still, an instrument may be able to measure 100+ fuel parameters 
right from the get go by using proven and robust fuel data from 
sources all around the world for analysis. But, not all of those 
parameters will be relevant for a particular application. Typically a 
limited set of parameters needs to be analyzed. So, it is important 
to find out if the relevant parameters are covered in the standard 
setup, or if a method for analyzing a new parameter needs to be 
added to the analyzer.

Additionally, it is important to define which type of fuels the user 
wants to analyze. An instrument may be able to measure finished 

gasolines but also test nonregular fuels like naphtha or a base 
gasoline without oxygenates.

Possibly, some modifications may be required to the basic analyzer 
setup. The instrument supplier should be able to help with setting 
up a dedicated naphhta database to improve results. 

Specifying operation and performance
An Operational Qualification (OQ) is far more difficult to verify and 
specify than a design qualification. Performance criteria determine 
which technical aspects the instrument must fulfill to achieve the 
required operational performance. For example, the operation 
requires that an instrument uses a sample of less than 25 mL for a 
typical run. For the reasons of speed and accuracy, a FT-IR analyzer 
with an optical resolution of 4 cm-1 is required. For a good signal 
and reliable absorbance detection, the instrument should have 
a beam spliter that is made of germanium-coated potassium 
bromide, the cell should be made of zinc selenide, and the light 
source should be at least 1000°C. To quantify fatty acid methyl 
esters (FAME) in diesel, the instrument should use a 100 µm cell, 
because that is what is required to meet diesel specifications.

During OQ, performance requirements must be testable when 
using a calibrated instrument and traceable standards. One 
requirement could be to check if the instrument is able to achieve 
repeatability according to ASTM D5845 oxygenate specifications 
when 4% EtOH concentration is measured in gasoline, or if the 
limit of detection complies with the requirements of EN 238 
benzene standard during daily analytical use.

Specify sensible criteria
As noted previously, a good specification should support the 
purpose for the analyzer. That includes technical specifications 
as well. Often, specifications look too good to be true or are not 
relevant to the job for which they are intended. Below are several 
examples of specifications that don’t relate the purpose for the 
analyzer.

Example 1: A customer specifies a limit of detection (LOD) of 
1g/L for aniline measurements for an FT-IR spectrometer that 
uses a 100 µm cell. The relevant goverrnment standard, however, 
acknowledges that spectrometers are not able to reliably 

identify or quantify aniline content below 3g/L. 

Example 2: Usually, when the optical resolution of a mid-infrared 
analyzer is discussed, the following perception prevails: The better 
the resolution, the better the result. But, does a resolution of 
2 cm-1 have advantages over a resolution of 4 cm-1? Or, can 
components with similar peaks to each other be differentiated 
more easily (FAME and FAEE)? Another fact also holds true: The 
better the resolution, the higher the spectrum noise. Thus, an 
optimal resolution is the one that allows for a robust identification 
of fuel components in mid-IR spectrum that reduces baseline noise 
to a reasonably low level.

Specify supplier requirements
As the number of available spectrometers has increased, they have 
become more and more complex and, therefore, it has become 
more important to extend specifications to include supplier 
requirements.  

Ideally, the instrument sales person should work as trusted advisor 

Selecting a spectrometer is an often complicated and time-consuming process. Yet, it is highly important 
to be clear in what context the instrument will be used, before specifications are set. The article that 
follows provides some guidelines on how to come up with a proper instrument specification.
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to the customer and help with developing meaningful application solutions. The sales person 
should find out the application for the analyzer, the required performance specifications, and if 
an existing analyzer set up needs modification to comply with those specifications. The customer 
needs to know if there are limits that cannot be achieved.  

The supplier should then demo the analyzer at the customer’s site and run tests as well as do 
an IQ and OQ with the customer. Customers should ensure that the supplier can provide overall 
training and after sales support, answer application-related questions and do basic trouble 
shooting.  A supplier who fulfills all of the above requirements will be in a good position to win 
the customer’s long-term trust as well as business.

GRABNER INSTRUMENTS, a subsidiary of AMETEK Inc., is among the world´s leading 
developers and manufacturers of automatic petroleum testing equipment. Grabner 
Instruments’ success is based on the development of portable, rugged and easy-to-
operate fuel and oil analyzers for accurate quality control in the laboratory as well as 
on-site mobile lab facilities.

AMETEK, Inc. is a leading global manufacturer of electronic instruments and 
electromechanical devices with annual sales of 4.3 billion US$. AMETEK’s corporate 
growth plan is based on four key strategies: Operational Excellence, Strategic Acquisitions 
and Alliances, Global and Market Expansion, and New Products. 

All of our articles are online! To view and download them, visit:

www.petro-online.com

Space-saving high flow 
Hydrogen gas station
The Intelligent F-DGSi 
H2 gas station high 
flow generator saves 
space and eliminates 
the risks associated 
with storing high 
pressure cylinders, 
but also the hidden 
costs associated with 
piping connections, 
manometers, ordering, 
renting, delivering, 
servicing and 
maintaining cylinders.

The F-DGSi Hydrogen gas station high flow series i-FLOW -H2 
STATION is able to generate up to 10 L/min Hydrogen with purity 
better than 99.9999% and pressure up to 16 bar (232 psi).

The i-FLOW-H2 STATION 10L (3 modules of 3.3 L/min) includes 
the new long life multilayer electrolytic cell with polymeric 
membrane (PEM) using distilled water.

The innovative gas drying system with automatic regeneration 
ensures the maximum grade of hydrogen purity, and is 
completely maintenance-free and allows continuous operation, 
24 hours a day.

The exclusive cascading option allows combining multiple units 
for higher flow requirements.

The system’s internal self-diagnostic features, high visibility 
lighted display, internal/external leak detection and all the 
remote control and alarm capabilities increase lab safety and 
productivity.

The exclusive safety on the market to use H2 as carrier gas: 
don’t be afraid anymore to use H2 gas as carrier gas: thanks to 
our H2 sensor controlled by our H2 generator: in case of any 
leak inside the oven of the GC, the H2 generator will stop to 
produce.

The unique Remote PC monitoring in standard via RS232/
RS485, USB, LAN allows to interface the unit with customer’s 
PC software (allows the end user to be connected with the 
manufacturer for remote diagnostics).
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Analysis of biodiesel-diesel blends using  
ultrafast gas chromatography and chemometric  
methods: Extending ASTM D7798 to biodiesel
In a recent independent study, conducted by 
Amber M. Hupp1, et. al. and published in Fuel, 
ultrafast gas chromatography and chemometric 
methods were utilised for the evaluation of 
biodiesel-diesel blended fuels.

Falcon Analytical, Infometrix® and many other 
contributors assisted in the study. Here we have 
excerpted some key information from the study 
and offer the reader an opportunity to link to and 
read the complete study.

Biodiesel is most commonly added to diesel fuel to 
intentionally decrease greenhouse gas emissions. 
Life cycle analysis measures 74% fewer emissions 
for 100% biodiesel (B100) compared to petroleum 
diesel. Even a small addition of biodiesel, say 20% 
by volume (called B20), can decrease hydrocarbon 
emissions by about 20% and carbon monoxide 
emissions by about 13%.

On the other hand, fraudulent addition of 
biodiesel and other materials is on the rise. By adding biodiesel, motor oil, or vegetable oil to diesel, fuel sellers can avoid diesel roadside 
tax or attempt to increase profit margins. This type of fuel adulteration is a problem for governments who lose important tax dollars and 
for consumers because of possible negative impacts on engine performance.

Thus, having a fast and sensitive method for detection and quick determination of biodiesel concentration is valuable for a variety of 
fields where biodiesel is blended with traditional diesel.

In this study ultrafast gas chromatography (UFGC) along with supervised and unsupervised chemometric methods were utilised for 
evaluation of biodiesel-diesel blended fuels.

In the study separations were performed using a CALIDUS™ Ultrafast Gas Chromatograph, employing the ASTM D7798 Ultrafast GC 
SimDis Method.

Samples were aligned using Infometrix Lineup™. Aligned files were imported into Infometrix Pirouette® v4.5 for chemometric analysis.

In brief, the study concludes that the use of a UFGC and the diesel method ASTM D7798, along with several chemometric methods, 
was successful for the analysis of biodiesel-diesel blends. For the most common sources of biodiesel, the UFGC method required run 
times of only 2.5–3 min, resulting in a cycle times under 5 min.

Because other sources of diesel contamination, not included in this study, can mix in higher molecular weight components, the study 
focused on a 5-min run time and roughly 7-min cycles to ensure these higher weight contaminants did not confound the analyses.

In effect, the author concludes, a method (D7798) that is currently used in several sectors for fast analysis of diesel can now be utilised 
for chromatographic analysis of biodiesel-diesel blends.
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