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		LECO CORPORATION
SOME COMPANY FACTS

SOME COMPANY FACTS
		LECO CORPORATION

Established in 1936 by Carl Schultz,
the Laboratory Equipment Company
introduced what would be the first
rapid carbon determinator to the
American iron and steel industry.
Today, over 80 years later, LECO
continues to be a family-owned
company in its third generation of
leadership and is recognised globally
as a leader in the development
of high-quality elemental and
thermal analysis equipment, mass
spectrometers and chromatographs,
metallography and optical
equipment, and consumables.

Our headquarters in St. Joseph,
Michigan, USA, is comprised of
several facilities each dedicated
to improving customer success,
including state-of-the-art research
and development centers and rugged
manufacturing facilities. Through this
vertical integration system, we are
able to maintain strict control over the
manufacturing and assembly process
in accordance with our quality
standards.

LECO established its first international
office in Germany in 1967, and
since that time has grown to include
over 25 worldwide subsidiaries and
distributors who are authorised to sell
our equipment to over 75 countries
around the Globe.
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LECO’S KEY MARKETS

Energy & Fuels
While LECO has continued to be a leader in carbon/sulfur testing of coal and
coke, it has since expanded into biofuels, biomass, oil additives, petroleum
products. Ensuring existing sources, and analysing fuels of the future –
LECO technology is here to validate their potential and quality.
Environment & Agriculture
LECO instruments helps to monitor environmental impact, manage agricultural resources
more efficiently by monitoring composition of arable soils, crop and fertilisers;
determining optimum nutrition values for animal feed.

Food Safety
Multi residue methods and screening all at once; food contamination;
authenticity or traceability: LECO provides solutions with unrivalled
performance, sensitivity, speed and robustness.

Life Science & Pharmaceutical
Academic research and drug discovery requires the instrumentation that goes beyond
normal expectations. Empowered by advanced LECO mass spectrometry be more
confident in your assignments.

Metabolomics
As the established leader in GCMS metabolomics, LECO products deliver the
accuracy, resolving power, deconvolution, and speed to characterise the most
complex biological systems. Our instrumentation has been validated by the
industry's most demanding researchers.

Metallurgy & Metals
With a global reputation for rapid, accurate analysis in iron, steel, alloys, refractory
metals, and ores, LECO instruments have become the brand leader for these markets.

5 // LECO Energy & Fuels 2022

GC- AND GC×GC-TOFMS
INSTRUMENTATION

BENEFITS
OF GC×GC
Comprehensive two-dimensional
gas chromatography (GC×GC) is an
analytical technique that has been
around for over 25 years.
GC×GC increases separation capacity by using two
separate columns with orthogonal selectivity connected
in series through a modulator (Figure 1). The modulator
rapidly traps and "injects" the effluent from the first
dimension column onto the second dimension.

Figure 1: Principle of GC×GC

The result of a GC×GC analysis is a chromatographic
plane (contour plot) (Figure 2), that depicts the
separation over the nonpolar and polar columns.
The chromatographic separation space is dramatically
increased compared to a conventional 1D-GC.
Other benefits of GC×GC are structured twodimensional chromatograms (i.e. contour plots),
and sensitivity enhancement. Research has shown
the advantages of GC×GC in a wide variety of
applications (e.g. environmental, metabolomics,
petroleum, food safety, fragrance).
The merits of GC×GC as a separation science are clear,
but how will it beneﬁt a routine laboratory?

		
View Full Article “Benefits of Comprehensive Gas
Chromatography (GC×GC) for Routine Laboratory”
GCxGC_BENEFITS_WHITE_PAPER_209-281-003

Figure 2: Data Conversion for Visualisation
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BENEFITS
OF TIME-OF-FLIGHT MASS SPECTROMETRY
A time-of-ﬂight mass spectrometer (TOFMS) for gas
chromatography (GC) (Figure 3) is the right choice for
complex samples, targeted and non-targeted analysis and
fast GC or GC×GC.
Time-of-flight mass spectrometry (TOF-MS) is probably the
simplest method of mass measurement to conceptualise.
The ion’s mass-to-charge ratio is determined via a time
measurement (Figure).
The ability to collect a full mass range without sacriﬁcing
data acquisition speed or sensitivity is perfectly suited for
non-targeted analyses. Using a non-targeted approach
is beneﬁcial for discovery-type work. A TOFMS spectrum
has better spectral continuity across a peak than with a
scanning mass analyser (Figure 4). Spectral continuity
is important for maximising the performance of mass
spectral deconvolution algorithms, which results also in
higher library matches.

Figure 3: GC-TOFMS Setup
TOFMS

GC Peak

Scanning MS

A targeted analytical method also beneﬁts
from acquiring a full mass range. Data
processing methods including the Target
Analyte Finding feature can be used for
both qualitative analysis of sample data
and quantitation.

		View Full Article “Benefits of Equipping your
Lab with a Time-of-Flight Mass Spectrometer”
GC-TOFMS_BENEFITS_WHITE_PAPER_209-281-002

Figure 4: Spectral Continuity
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SEPARATION SCIENCE
PRODUCT PORTFOLIO

SEPARATION SCIENCE
PRODUCTS

PEGASUS® BT GC-TOFMS

PEGASUS® BT 4D GC×GC-TOFMS

QuadJet™ SD

• Industry-leading sensitivity
helps you find and quantify an
unlimited number of analytes,
while proprietary deconvolution
algorithms yield clean, high
quality spectra

• E
 nhanced sensitivity by coupling
our benchtop Pegasus BT with our
high performance GC×GC thermal
modulation system

• Enhanced separating power
for complex sample analysis

• A
 complete historical record of all
components for each sample is
retained for future data mining
• T he tried-and-tested reliability and
durability of our Pegasus brand in
a convenient benchtop unit

• A
 bility to interrogate challenging
samples where the best sensitivity
is needed
• U
 nique and powerful ChromaTOF ®
brand software simplifies
quantitation and analyte
identification with features such
as Non Target Deconvolution®
(NTD ®), Target Analyte Find,
library searches, and more

• Easy-to-use ChromaTOF®-based
software provides acquisition
processing and reporting
functionality within a single
package
• Classification software feature
simplifies component identification
• Available Cryogen-free modulator
eliminates the need for LN2
dewars

• StayClean® ion source eliminates
the need for source cleaning

View Product Overview SepSci

10 // LECO Energy & Fuels 2022

SEPARATION SCIENCE
PRODUCTS

PEGASUS® GC-HRT + GC-TOFMS

PEGASUS® GC-HRT+ 4D GC×GC-TOFMS

• T he highest performance TOF mass spectrometer
for the GCMS market

• C
 ombining the highest performance GC×GC and
TOF on the market gives users an unprecedented
ability to interrogate complex sample

• F olded Flight Path® (FFP ®) technology allows users
to achieve resolutions of up to 50,000
• Employs ChromaTOF® software with automated
High Resolution Deconvolution® (HRD ®) and formula
generation for seamless identification of unknowns,
plus compatibility with standard GCMS libraries

• F ind more analytes than ever before and identify
components with the ultimate confidence
• W
 ith mass accuracies of 1 ppm and peak capacities
at least two times greater than anywhere else in
the marketplace

• S
 pectral Analysis Toolkit harnesses the power of
Mass Defect, Van Krevlen, and RDBE plots to take
your unknown analysis to a new level

• T he industry‘s most established GC×GC systems;
thermal modulation with liquid nitrogen or cryogenfree versions

• 1
 ppm mass accuracy identifies unique molecular
formula

• C
 hemical Ionisation source (HR-CI) provides the
same mass accuracy and high resolution on pseudomolecular ions which complements the traditional
Electron Ionisation source (HR-EI) to provide
comprehensive characterisation of unknowns

• E
 ncoded Frequent Pushing® (EFP ®) contributes to
increased sensitivity, expanded dynamic range,
and much more

• Integrated software platform acquires data, controls all
hardware, and analyses and reports results with a
high level of automation; tailored to get the most out
of HR data

View Product Overview SepSci
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SPECIFIC LECO GC-TOFMS
INSTRUMENT FEATURES

STAY CLEAN®
ION SOURCE STABILITY
Fouled ion sources and related issues are often time
consuming to diagnosis and resolve. A definitive
diagnosis can only be achieved after other preventative
maintenance steps (inlet maintenance, column trimming,
etc.) have been tried and tested. Once the source has
been pinpointed as the issue, users have to clean the
source before proceeding.
Even routine, scheduled preventative cleaning leads
to system downtime In less controlled environments the
incremental contamination of an ion source may not be
noticed until long past the point of compromised results or
impacting the stability of the overall system.
Worse still, tuning routines will typically compensate
for the loss in signal by increasing various voltages,
not the least of which is at the detector. This decreases
the detector‘s operational life, requiring additional
maintenance time to resolve.

Figure 5: LECO StayClean® ion source

For these reasons, LECO has specifically designed the
PEGASUS® BT systems with an ion source (Figure 5) that
virtually eliminates the need for removal and cleaning.
			View Application Note – which provides significant evidence
that the LECO StayClean® ion source actually stays clean.
PEGBT_STAYCLEAN_SOURCE_STABILITY_203-821-569
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LECO MODULATOR
PORTFOLIO
GC×GC offers dramatic improvements over traditional
GC for the analysis of complex mixtures. This is due to
significantly increased chromatographic resolution. The
modulator, considered the heart of the GC×GC system,
is a device which injects the effluent from the primary
column to the secondary column. There are two primary
forms of modulators in GC×GC; thermal- and ﬂow-based.
These techniques are described in general terms, but with
focus on ﬂow modulation.
Thermal-based modulators (Figure 6) rely on a cooling
mechanism to trap eluent from the ﬁrst column, followed
by heating to inject the eluent onto the second column
for further separation. These modulators use of a
cryogen such as liquid nitrogen for optimal cold-trapping
performance.

Stage 2
Cold Jet

Stage 2
Hot Jet

Stage 1
Cold Jet

Stage 1
Hot Jet

Figure 6: Thermal Modulator

Flow-based modulation (Figure 7) relies on either
switching valves to inject on-column, or in some cases,
combining valves with highly different ﬂows to ﬂush a
sample loop onto the second column. Both types provide
a GC×GC alternative that is virtually consumablefree. The choice of which GC×GC approach is most
appropriate depends on the application that will be
performed on a particular system.^
			View White Paper – FLUX™ GC×GC: The operation,
use, and concepts behind a diverting ﬂow technique
FLUX_MODULATOR_WHITE_PAPER_209-281-004

Figure 7: Flow Modulator
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FFP ®
FOLDED FLIGHT PATH ®
LECO’s patented Folded Flight Path® (FFP®) technology is
celebrating ten years of mass spectrometry breakthroughs.
This ingenious concept uses multi-reflecting technology
to strip away the oversized flight tubes from traditional
high resolution Time-of-Flight (TOF) mass spectrometers
and packs an impressive resolving power of 25,000 into
a surprisingly small footprint. Ultra High Resolution mode
enables the FFP instruments to reach resolving powers of
over 50,000 with flight paths equivalent of 40 m without
a single increase in lab space.
The ingenious design of the Folded Flight Path is explored
in greater detail in High Resolution Multi-Reflecting Timeof-Flight Mass Analyser with Folded Flight Path, a paper
written by Viatcheslav Artaev.
For an in-depth look at the history and development
of this technology, download and read this paper.

			View White Paper:
FOLDED_FLIGHT_PATH_FFP_WHITE_PAPER_209-281-008
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EFP ™
ENCODED FREQUENT PUSHING™
Duty Cycle is a critical parameter affecting the sensitivity
of analysis by Time-of-Flight Mass Spectrometry with an
Orthogonal Accelerator (OA-TOFMS). The Duty Cycle for
an OA-TOFMS is defined as the ratio between the time to
fill the acceleration region with the largest mass/charge
ratio ions and the time-of-flight (TOF) through the mass
analyzer of these ions: Duty Cycle = Tyy/TOF.
LECO has implemented Encoded Frequent Pushing™
(EFP™), a method of pulsing an orthogonal accelerator
multiple times per transient with unique time intervals
between each push pulse. This method is particularly
well suited for improving the duty cycle of a TOFMS with
FFP®, where the highly resolved opn peaks are sparsely
populated across the TOF spectrum. The key concept is
that within overlaid mass spectra produced by the multiple
pushes, some overlaps are likely to occur between peaks
of various ion species. However, if the time intervals

between the OA pushes are unique, the overlaps will not
be systematic! In addition, the decoding method departs
from a traditional ‘inverse method’ used in Hadamard
method which is responsible for creating mass spectral
artifacts. Instead, a proposed decoding method uses
a logical and statistical analysis of spectra overlaps to
prevent the production of these spectral artifacts. With
EFP, the duty cycle is improved proportionally to the
increased pushing frequency, meaning that the continuous
ion beam is sampled much more efficiently. For example,
if the typical non-multiplexed operation of the GC-HRT
mass spectrometer uses 2 kHz pushing frequency, a
multiplexed acquisition with 20 push pulses per transient
will increase the pushing frequency to approximately
20 kHz, and in EFP mode the sensitivity will also grow by
up to 10 times (Figure 2).

Single
Spectrum

EFP Multiplexed Spectra

EFP Decoded
Spectrum

Figure 1: (A) Duty Cycle estimation in the MR-TOFMS; (B) Encoded Frequent
Pulsing diagram; (C) concept of EFP multiplexing.
Figure 2: Illustration of the EFP workflow: single spectra are acquired (left top)
and summed into the multiplexed mass spectrum (right), which is then decoded
in real time into the de-multiplexed mass spectrum (left bottom).

			View White Paper:
ENCODED_FREQUENT_PUSHING_WHITE_PAPER_209-281-006
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LECO MULTI-MODE SOURCE ™
IONIZATION SOURCE FOR GAS
CHROMATOGRAPHY MASS SPECTROMETRY
The innovative Multi-Mode Source™ (MMS™) takes all
of the advantages of the three most common ionization
modes – Electron Ionization (EI), Positive Chemical
Ionization (PCI), and Negative Chemical Ionization
(NCI/ECNI) – and combines them into one easy-to-use
source. No more hardware switching, no more alignment
issues: with the MMS, changing ionization modes is as
easy as a click of a button.
The new MMS has great mass accuracy and high
resolution on pseudo-molecular ions, which complements
the traditional Electron Ionization Source (HR-EI) to
provide the comprehensive characterization of unknowns.
By not touching the hardware, peaks stay aligned
between the ionization modes. Each of the three modes is
avaible for GC-MS and GC×GC-MS analyses on both the
PEGASUS® GC-HRT+ and the Pegasus GC-HRT+ 4D.
Don’t limit yourself to just one approach. Ask about the
new MMS to see what you’ve been missing!

			View Application Note:
PEG_GC-HRT_MULTI-MODE_SOURCE_MMS_203-821-630
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LECO ChromaTOF ®
SOFTWARE
LECO‘s ChromaTOF software is uniquely designed to
process and analyse the large amounts of data that
are acquired with our time-of-flight instruments.
ChromaTOF offers seamless control of both the instrument
and its accessories, as well as an intuitive interface with
highly integrated data processing.

ChromaTOF is the first mass spectrometry
data system to fully accommodate
multidimensional chromatographic
data (GC×GC).
Benefits of LECO ChromaTOF
• Single software platform
• Automatic tuning within user-defined
Quality Control methods
• Intuitive Acquisition Method Setup
• Automated Peak Find using Non-Target
Deconvolution and Library Search
• Target Analyte Finding and Quantification
• Semi-Quantitative Analysis for the reporting
of non-calibrated compounds
• Reference Compare tools for sample comparison
• GC×GC enhanced graphics and optimisation
tools (Classifications, Filters)
• Automatically export data to PDF, CSV,
ANDI MS, NETCDF, or Raw file formats
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LECO ChromaTOF ® TILE
ANALYTICAL SOFTWARE
The volume of GC×GC data can quickly become
overwhelming. Multiple tables of thousands of analytes
can require months of data mining at a pixel level to
find the minute differences between data sets, and even
those results are plagued with false positives from normal
chromatographic variation.

ChromaTOF Tile is an enabling
technology that has reduced our peak
picking time from 10 days to 10 minutes.
We are now comparing groups of
peak-rich samples from complex studies
that would have previously required
complicated, custom-built solutions.
Benefits of LECO ChromaTOF Tile
• ChromaTOF Tile is a separate, stand-alone
product to be used in conjunction with ChromaTOF
brand software
• All of the tables and plots throughout the interface
are exportable for more efficient reporting and to
allow you to do more with your data
• Clean library-searchable spectra is generated from
the tiling process
• Areas of the tiles are used to approximately quantify
trends across the samples
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SPECTRAL ANALYSIS TOOLS (SAT)
OPTION FOR PEGASUS® GC-HRT+
Harness the power of accurate mass and high
resolution mass spectrometry with SAT. This
innovative toolkit, paired with ChromaTOF
brand software, is designed to streamline
identification and relative quantitation of
heteroatomics species in either GC or
GC×GC data sets.

Particularly useful in Petroleomics and Environmental workflows, SAT provides extensive
functionality built on top of standard mass
defect plots, as well as new van Krevelen and
Degree of Unsaturation (RDBE versus C#) plots.

			View Poster:
PETROLEOMICS_HRT-GC-TOFMS_CK_ASMS17_LPSS-225

Kendrick’s scaled Mass Defect Plot of Crude Oil Sample
with heteroatomic species classified by colour
(see legend, note‘ indicates odd electron ion).
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ENERGY & FUELS
SEPARATION SCIENCE
		APPLICATION COMPENDIUM
Crude Oil Refining

Analysis of Light Crude Oil

Analysis of Petroleum Products

 istinguishing the C3 vs.
D
SH4 Mass Split

Satisfying ASTM Method D5769
Battling Fuel-Washing
Petroleum Forensics
Classification of Diesel Sample
Compounds
High-Temperature Petroleum
Analysis

Characterisation of Bunker Fuels
Paradigm Change in Petroleomics

CRUDE OIL REFINING –
THE PROCESS OF CRUDE OIL REFINING

Once crude oil is extracted from the ground, petroleum
refineries produce saleable petroleum products from crude
oil. The basic functions of crude oil can be broken down
into three categories of chemical processes (Figure 1):
1.) Distillation involves the separation of materials based
on differences in their volatility. This is the first and most
basic step in the refining process, and is the precursor
to cracking and reforming.

3.) Reforming involves changing the chemical nature of
hydrocarbons to achieve desired physical properties (and
also to increase the market value of those chemicals).The
production of final petroleum products differs from refinery
to refinery, but in general, the refineries are engineered
to produce as much gasoline as possible, owing to high
demand from the transportation sector. Figure 2 shows a
typical composition of a refinery output.

2.) Cracking involves breaking up heavy molecules into
lighter (and more valuable) hydrocarbons.

Figure 1: Important processes of a refinery
Figure 2: Products made from crude oil
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ANALYSIS OF PETROLEUM PRODUCTS –
GC- AND GC×GC-TOFMS IN THE
PETROLEUM INDUSTRY

The petroleum refinery process requires different
analytical instruments and methods for controlling the
processes and ensure a high quality of the products.
Petroleum fractions and products often contain a
large number of components. Gas chromatography
is a powerful tool for the separation of such complex
mixtures. The usage of comprehensive two-dimensional
gas chromatography (GC×GC) offers enhanced
chromatographic resolution by increased peak capacity.
GC×GC also is able to separate structural classes of
hydrocarbons into distinct bands of analytes. For less
demanding questions, GC detectors (FID, PID, FPD)
are still used for the identification part. In recent years
gas chromatography-mass spectrometry has established

Figure 1: Natural Gas Analysis using GC-FID

itself as the dominant technology for petroleum
applications. Time-of- flight mass spectrometry (TOFMS)
greatly facilitate the characterization of petroleum
samples by fast acquisition rates, broad mass analysis
ranges and non-skewed mass spectra. In petroleum
products sulfur and nitrogen containing species
are of particular interest due to emission problems
during combustion. High resolution time-of- flight
mass spectrometry allows a characterization of these
compounds using a combination of elemental formula
determinations and spectral library similarity searches.
Spectral Analysis Tools also offers additional advanced
data processing based on Kendrick Mass Defect Plots.

Figure 2: Analysis of Middle Distillates using
GC×GC-TOFMS

Figure 3: RDBE-plots based on HRT data
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SATISFYING ASTM METHOD D5769:
A SOLUTION FOR DETERMINATION OF
HIGH-CONCENTRATION AROMATIC
COMPOUNDS IN FINISHED GASOLINES

ASTM D5769 is a widely accepted standard
method used in the petroleum industry for the
determination of benzene, toluene, and total
aromatics in finished gasolines by GC-MS.
A common difficulty encountered with this
method is the concern with saturation of
the ion source, which leads to non-linearity
in calibration curves, especially for the
quantification of high-concentration aroma
tics, such as toluene. LECO's PEGASUS® BT
GC-TOFMS easily satisfies the method

requirements for sensitivity, ion ratios, and
calibration linearity, providing a solution for
analysis of the aromatic compounds listed
in ASTM D5769, without saturation of the
ion source. Calibration curves were built
for the standard method analytes, and then
applied to samples with the addition of
semi-quantification for similar analytes on
a sample of 93-octane gasoline, as stipulated
in the method.

Key Words
# ASTM
# Petroleum
# Gasoline
# Aromatics
# Benchtop

		
View Application Note
PEGBT_GASOLINE_AROMATIC_COMPOUND_ASTM5769_203-821-518

Total aromatics were determinded for a commercially available sample of 93-octane gasoline. The chromatogram with peak markers automatically
placed for calibrated analytes and deuterated internal standards is shown, along with the required method checks exceeded by the Pegasus BT.
Instrument: Pegasus BT
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BATTLING FUEL-WASHING: DETECTION
OF ACCUTRACE S10 INCOMMERCIAL
DIESEL SAMPLES

Government-subsidized farm fuels are often
dyed to distinguish them from consumer
diesels. "Fuel-washing", where dye is
removed from fuel that is subsequently
resold at a higher price, has been a major
concern for many tax, regulatory, and law
enforcement agencies. Accutrace S10, a new
fuel marker developed for use in the UK, is
more difficult to remove and can be detected
at low concentrations to prevent dilution and
illegal reselling of fuel. According to the UK

agency HMRC (Her Majesty's Revenue and
Customs), advanced fuel marker analyzers
should be able to quantitate the fuel marker
in diesels that have been diluted by up to a
factor of 100, a requirement easily met by
the PEGASUS® BT in less than 15 minutes
without additional sample preparation.

Key Words
# Petroleum
# Diesel
# Fuel Marker
# Benchtop
# GC-TOFMS

		
View Application Note
PEGBT_FUEL_WASHING_DIESEL_203-821-522

# Fuel Washing

The full TIC chromatogram of a spiked commercial diesel sample is shown along with a deconvoluted Peak True spectrum for the fuel marker compound. The zoomed inset shows a characteristic mass trace of the fuel marker, Accutrace S10, at a concentration of 500 ppb, the required detection
limit for a roadside analyzer.
Instrument: Pegasus BT
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PETROLEUM FORENSICS:
IDENTIFYING BIOMARKERS
IN CRUDE OIL

Petroleum forensics is the art of tracing the
geochemistry of crude oil using petroleum
biomarkers. Ratios of chemical "biomarker"
compounds such as hopanoids, diasteranes,
and steranes that are resistant to weathering
and other forms of degradation, often called
"molecular fossils", are crucial for differen
tiating various sources of crude oil.
The use of comprehensive two-dimensional
gas chromatography (GC×GC) to charac
terize crude oil has been widely adopted
because of its utility in resolving complex
mixtures that prove difficult to analyze with
GC alone.

In this application note, various biomarkers
from samples collected in different geo
graphic regions worldwide are identified,
using a robust and easy-to-use GC×GC
system that incorporates a flow-based
modulator paired with a time-of-flight mass
spectrometer (TOFMS) to assist in providing
insight on the age, origins, and forensic
fingerprint of the petroleum samples analysed.

Key Words
# Petroleum
# GC×GC
# Flow Modulation
# Biomarkers
# FLUX

		
View Application Note
PEGBT4D-FLUX_PETROLEUM_FORENSICS_203-821-606

Surface Plot of Intermediate Fuel Oil with zoomed-in contour plot for biomarker region labelled with hopanes and steranes of interest. Structures for
the Ts and Tm hopanes are also shown.
Instrument: Pegasus BT 4D
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CLASSIFICATION OF COMPOUNDS
IN A DIESEL SAMPLE USING
GC×GC-FID ANALYSIS AND
AUTOMATED ChromaTOF
DATA PROCESSING
Petroleum-type samples are the perfect
candidates for comprehensive two-dimensional GC (GC×GC) analysis. Not only is
the sample complexity very high (hundreds
and even thousands of analytes are present),
resulting in numerous coelutions in a onedimensional analysis, but also there are
numerous isomers present. The big differences in concentration for the analytes
present result in masking the less intense
peaks by the high-concentration analytes.

The highly structured chromatograms
obtained from the analysis of petroleum
samples using GC×GC enables the possibility
of classifying the compounds into structure
based chemical classes. The ChromaTOF®
software allows the user to draw well-defined
shapes (classes) around groups of peaks
using acquired chromatograms. Once a
classification template is created, it can then
be applied to subsequent chromatograms
for comparison purposes.

Key Words
# GC×GC-FID
# Petrochemical
# ChromaTOF®

		
View Application Note
FID_DIESEL_COMPOUND_CLASSIFICATION_203-821-243

Contour plot chromatogram of a diesel sample obtained prior to the removal of the sulfur-containing compounds.
Instrument: GC×GC-FID
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EXPLORATION OF HIGH-TEMPERATURE
PETROLEUM ANALYSIS USING
COMPREHENSIVE TWO-DIMENSIONAL
GAS CHROMATOGRAPHY AND
TIME-OF-FLIGHT MASS SPECTROMETRY
Petroleum-type samples are the perfect candidates for comprehensive two-dimensional GC
(GC×GC) analysis. Not only is the sample
complexity very high (hundreds and even
thousands of analytes are present), resulting
in numerous coelutions in a one-dimensional
analysis, but also there are numerous isomers
present. The big differences in concentration
for the analytes present result in masking the
less intense peaks by the high-concentration
analytes.

The highly structured chromatograms obtained
from the analysis of petroleum samples using
GC×GC enables the possibility of classifying
the compounds into structure based chemical classes. The ChromaTOF® software allows
the user to draw well-defined shapes (classes)
around groups of peaks using acquired chromatograms. Once a classification template is
created, it can then be applied to subsequent
chromatograms for comparison purposes.

Key Words
# High-Temperature
Analysis
# Heavy Crude Oils
# Thermal
Modulation
# ChromaTOF®
# GC×GC

		
View Poster
HIGH_TEMP_PETROLEUM_GCxGC-TOFMS_CK_PCON17_LPSS-210

Figure a: Sections of the GC×GC chromatogram are shown for the C16, C40, and C80 peaks, with a zoom into one modulated slice of each peak.
Figure b: 3D View showing GC×GC Acquisition of 1:1 mix of Polywax 500:PolyWax 655 standards in toluene with reconstructed 1D trace
shown in white.
Instrument: Pegasus BT 4D
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ANALYSIS OF LIGHT CRUDE OIL
USING GAS CHROMATOGRAPHY –
HIGH RESOLUTION TIME-OF-FLIGHT
MASS SPECTROMETRY

Crude oil is a very complex mixture of
organic compounds including aliphatic,
aromatic and heterocyclic compounds.
Analysis of oil is complicated not only by
the enormous number of multi-functional
components, but also by the large variation
in compound concentrations. High perfor
mance time-of-flight mass spectrometry
(TOFMS) is an ideal instrumental technique
for the analysis of complex matrices such
as crude oil. Fast acquisition rates, nonskewed data, broad mass analysis ranges
and comprehensive detection using TOFMS
greatly facilitate characterization of petroleum
samples. Classification of oil components
(e. g. saturates, aromatics, etc.) is simplified

Key Words

with the instrument’s high resolving power
and advanced software features. Sulfur
and nitrogen containing species that cause
emission problems during combustion
are of particular interest. In this study,
various light crude oil samples were
analysed for aromatic, polycyclic aromatic
hydrocarbon and heterocyclic compounds.
These compounds were characterized
using a combination of elemental formula
determinations with exact mass calculations
and spectral library similarity searches.
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AIC (B) and XIC (A) showing substituted benzene molecules in Arabian light crude oil.
Instrument: Pegasus HRT+
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DISTINGUISHING THE C3 VS. SH4
MASS SPLIT BY GC×GC WITH
HIGH RESOLUTION

The C3 vs. SH4 (0.0034 Da) mass split is
considered to be one of the most critical
mass splits in petroleomics and is relevant
because of the regulatory requirements
for sulfur in petroleum fractions. To date,
there are two ways to resolve mass splits
such as C3 vs. SH4: (a) ultrahigh resolution
Fourier transform mass spectrometry (FTMS);
(b) high-resolution chromatography such
as comprehensive two-dimensional gas
chromatography (GC×GC). High-resolution
chromatography minimizes the mass spectral

resolution required to distinguish these
key chemical constituents and provides
additional sample characterization via isomer
separation. High resolution mass spectrometry
enables unambiguous chemical formulas
determination and structural elucidation. In
this paper, we demonstrate the combination
of high resolution GC×GC with high
resolution time-of-flight mass spectrometry
to distinguish the C3 vs. SH4 mass split
and other common mass splits in a crude
oil sample.

Key Words
# Pecticides
# GC×GC
# Quantination
# Non-Target
Detecttion

		Read Full Article Online (published by Analytical Chemistry 2016, 88, 12, 6101–6104)
DISTINGUISHING THE C3 VS SH4 MASS SPLIT [...]

Figure 1: Region of the chromatogram shown in the total ion chromatogram of a crude oil sample, but of the extracted ion chromatogram for m/z
223.1481 ± 5 ppm and m/z 223.1515 ± 5 ppm, illustrating the chromatographic separation between these hydrocarbon and sulfur compound
classes, respectively.
Figure 2: Integrated mass spectrum, based on spectrally deconvoluted data, of a crude oil sample for all of the identified species. The top mass
spectral segment demonstrates one example of the C3 versus SH4 split (0.0034 Da), an important feature in petroleomics that until now has only
been resolved by ultrahigh resolution FT-ICRMS.
Instrument: Pegasus HRT+ 4D
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DETAILED CHEMICAL
CHARACTERISATION OF BUNKER FUELS
BY HIGH-RESOLUTION TIME-OF-FLIGHT
MASS SPECTROMETRY HYPHENATED
TO GC×GC AND THERMAL ANALYSIS
The new International Maritime Organization
(IMO) legislation will reduce the maximum
sulfur content for marine fuels outside of
sulfur emission control areas (SECA) from
now 3.50 % (m/m) to 0.50 % (m/m) to lower
the emission of SOx. Comprehensive twodimensional gas chromatography with massspectrometric detection (GC×GC-MS) has
become one of the most potent analytical
methods for detailed analysis of hydrocarbon
composition in complex petroleum fractions.
However, matrices that contain significant
amounts of less- or nonvolatile constituents,
such as marine fuels, cannot entirely be
targeted by gas chromatography alone.

In order to extend the application range of
a GC×GC high-resolution time-of-flight mass
spectrometry platform, thermogravimetric
analysis (TGA-HR-TOFMS) and direct inlet
probe (DIP-HR-TOFMS) as additional thermal
sample introduction techniques were applied.
In this study, five different marine fuels were
investigated with GC×GC-, DIP-, and TGAHR-TOFMS to analyse volatile as well as
residual compounds. The combination of
GC×GC-, DIP-, and TGA-HR-TOFMS data
enabled the generation of comprehensive
chemical fingerprints for differentiation and
chemical classification.

Key Words
# GC×GC-HR TOFMS
# TGA
# DIP
# Fuels
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Read Full Article Online (published by Energy & Fuels 2019, 33, 11, 10745–10755)
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Figure 1: International Maritime Organization (IMO) legislation to reduce the maximum sulfur content for marine fuels
Instrument: Pegasus HRT+ 4D
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CHANGING THE PARADIGM
IN PETROLEOMICS WITH
COMPREHENSIVE TWO-DIMENSIONAL
GAS CHROMATOGRAPHY HIGH
RESOLUTION MASS SPECTROMETRY
Petroleomics is the characterization of the
chemical constituents of naturally occurring
petroleum and crude oil using high resolution
mass spectrometry. High resolution or ultrahigh resolution MS is needed to resolve
isobaric masses and GC×GC provides
superior chromatographic separation for
complex matrices. Therefore Comprehensive

two-dimensional GC coupled to HR-TOFMS
is a powerful technique for petroleomics
because it provides mass determination,
heteroatom class, type, and carbon number
information similar to direct high resolution
mass spectrometry, and additionally gives
well-defined chromatographic regions that
facilitate structural elucidation and speciation.

Key Words
# Petroleomics
# GC×GC
# HR-TOFMS
# Mass Spectrometry

		
View Poster
Petroleomics_GCxGC-HRT-TOFMS_JBy_ASMS16_LPSS-192

Top: Total ion chromatogram (TIC) of a dilute bitumen sample acquired using comprehensive two-dimensional gas chromatography high resolution
time-of-flight mass spectrometry (GC×GC HR-TOFMS), operated in EI and CI modes.
Bottom: Kendrick Mass Defect plot for all identified species shown. The EI Kendrick plot shows only whole integer RDBEs, and the CI Kendrick
plots show only half integer RDBEs; the size of the dots indicate intensity. The combined plots illustrate a structured nature and the complementary
information contained therein.
Instrument: Pegasus HRT+ 4D
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ENERGY & FUELS
ELEMENTAL ANALYSIS
Introduction
Elemental Analysis Product Portfolio
Energy & Fuels Elemental Analysis
Application Compendium

ENERGY AND FUELS
ELEMENTAL ANALYSIS WITH LECO

Ensuring Existing Sources And
Analyzing Fuels Of The Future
Expanding, conserving, and
stretching our limited energy
resources means that companies
will need to be able to analyse
new sources as well as validate
the quality of existing supplies.

Instruments enable LECO energy
companies to comply with increa
singly stronger EPA regulations.
While LECO has continued to be a
leader in carbon/sulfur testing of
coal and coke, it has since expanded
into biofuels, additives, diesel and
petroleum products, and jet fuel.
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ELEMENTAL ANALYSIS
PRODUCT PORTFOLIO

ELEMENTAL ANALYSIS
PRODUCTS (ORGANIC)

TGA801
Thermogravimetric Analysing System

TGM800
Moisture Determinator

AC600
Semiautomatic Calorimeter

• Automated thermogravimetric
analysis batch of up to 19 samples

• H
 igh precision, automated
thermogravimetric moisture
determination, which utilises a
direct method for replacing tedious
loss-on-drying techniques

• A
 ccurate and precise calorific
measurements in as little as
5 minutes

• Determines multiple constituents
such as moisture/ash, volatile
content, and LOI from a single
sample in various organic,
inorganic, and synthetic materials
• Optimised analysis time using
automatic end point recognition
based upon sample mass
constancy
• CORNERSTONE® brand software
with touch-screen interface
promotes an ergonomic workspace
and optimised workflow
• Remote access through Cornerstone
Mobile provides access to data,
plots, and instrument status from
smartphone, tablet, or desktop
computer

• Measure up to 16 samples at a
time with drying time end-point
recognition
• Intuitive Cornerstone brand
software with flexible method
settings and touch-screen operation
• Precise oven temperature ramping
and set point control up to 175 °C

• Ergonomic vessel and prep station
design for convenient operator
handling and ease-of-use
• Meets or exceeds ASTM and
ISO requirements
• 6,000 to 15,000 BTU/lb range
for 1 gram sample
• Intuitive software

• Remote access through Cornerstone
Mobile provides access to data,
plots, and instrument status from
smartphone, tablet, or desktop
computer
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ELEMENTAL ANALYSIS
PRODUCTS (ORGANIC)

828 SERIES
Carbon/Hydrogen/Nitrogen Analyser

832 SERIES
Sulfur/Carbon Analyser

744/844 SERIES
Carbon in Catalyst after UOP 703

• R
 apid analysis cycle times as fast
as 2.8 minutes with macro sample
mass capabilities

• Simple, fast, accurate sulfur/
carbon determination
in organic materials

• Quick, accurate carbon and sulfur
determination by combustion
infrared detection

• A reduction reagent tube lifetime of
4,000 samples extends instrument
uptime and lowers operating costs

• High-efficiency furnace with
intelligent control lowers
operating costs and optimises
furnace reliability

• Expanded range and increased
precision for the most demanding
applications

• Dual-stage reagent-free furnace
with exclusive oxygen furnace
enables application versatility
using macro sample mass
• CORNERSTONE® brand software
with touch-screen interface
promotes an ergonomic workspace
and optimised workflow
• Optional S832 add-on provides
independent sulfur determination
• Remote access through Cornerstone
Mobile provides access to data,
plots, and instrument status from
smartphone, tablet, or desktop
computer

• Individual wide-range IR detection
• Operator-centred design with
touch-screen Cornerstone brand
software promotes an ergonomic
workspace and optimised workflow
• Optional Performance Package (P)
and Dual-Range (DR) 832 model
also available
• Cornerstone Mobile option
provides access to data, plots,
and instrument status notifications
from your smartphone, tablet, or
desktop computer

• Calibration, analysis, evaluation,
and diagnostic functions accessible
via user-friendly software
• Rapid sample combustion with our
high-efficiency induction furnaces
• Autocleaner available
• Optional 10- and 60position autoloader
• Cornerstone Mobile option
provides access to data, plots,
and instrument status from your
smartphone, tablet, or desktop
computer

• Complies with ISO, AOAC,
AACC, AOCS, and ASBC
methods of analysis and
ASBC methods of analysis
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ENERGY & FUELS
ELEMENTAL ANALYSIS
		APPLICATION COMPENDIUM
Gross Calorific Value in Coal

 etermination of Moisture, Volatile,
D
and Ash in Biomass/Plant Tissue

Gross Heat in Fuel Oils and Biomass

 oisture, Volatile Matter, Ash, and
M
Fixed Carbon Determination in Coal

Determination of Carbon, Hydrogen,
and Nitrogen in Biomass
Determination of Carbon, Hydrogen
and Nitrogen in Coal
Determination of Carbon, Hydrogen
and Nitrogen in Coke
Sulfur Determination in Coal
and Coke
Sulfur and Carbon in Coal and Coke

 oisture, Volatile Matter, Ash, and
M
Fixed Carbon Determination in Coke

GROSS CALORIFIC VALUE
IN COAL

The gross calorific value of coal, a solid fossil
hydrocarbon fuel material, is most often used
when calculating the total calorific value for
a quantity of coal for fuel value purposes, or
when determining the classification rank of
the coal material.

The gross calorific value and sulfur value
of the coal material can also be used to
calculate whether or not the coal material
meets regulatory requirements for industrial
fuel use.

Key Words
# AC600
# Calorimeter
# Coal
# TrueSpeed ®

		
View App Note
AC600_GROSS_CALORIFIC_COAL_203-821-483

Instrument: AC600
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GROSS HEAT IN FUEL OILS
AND BIOMASS

The gross calorific value of Biomass materials
is most often used when calculating the total
calorific value for a quantity of Biomass
materials being used for fuel purposes.
Gross calorific value of fuel oils and other

liquid hydrocarbon fuels are used in
calculating the thermal efficiency of
equipment and calculating the mass
and or volumetric heat of combustion
for the fuel.

Key Words
# AC600
# Calorimeter
# Biomass
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Instrument: AC600
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DETERMINATION OF CARBON,
HYDROGEN, AND NITROGEN IN
BIOMASS

Carbon, Hydrogen, and Nitrogen deter
mination is part of the ultimate analysis of
solid fuel materials, helping to characterize
the materials and provide information that
can be utilized in calculating material/
energy balances and efficiencies, as
well as emissions potentials for the solid
fuel materials.
The LECO CHN628 is a combustion
elemental carbon, hydrogen, and nitrogen
instrument that utilizes only pure oxygen in

the furnace, ensuring complete combustion
and superior recovery of the elements of
interest. A combustion gas collection and
handling system lowers the overall costper-analysis and extends reagent lifetimes.
A carrier gas sweeps the combustion gas
to separate infrared cells utilized for the
detection of H2O and CO2, while a
thermal conductivity cell is used for the
detection of nitrogen.

Key Words
# 628 Series
# CHN
# Carbon
# Hydrogen
# Nitrogen
# Biomass
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CHN628_BIOMASS_203-821-510

Instrument: CHN628

41 // LECO Energy & Fuels 2022

DETERMINATION OF CARBON,
HYDROGEN AND NITROGEN
IN COAL

Carbon, hydrogen, and nitrogen deter
mination is part of the ultimate analysis of
coal fuel material, aiding in characterizing
the material and providing information that
can be utilized in calculating material/
energy balances and efficiencies, as well
as emission potentials for the coal fuel.
The carbon, hydrogen, and nitrogen results
for a coal material are also utilized to
evaluate the reactivity potential for its use
in a liquefaction or gasification process.
The LECO CHN828 is a combustion carbon,
hydrogen, and nitrogen determinator that
utilizes a pure oxygen environment in a
vertical quartz furnace, ensuring complete
combustion and superior analyte recovery.

Combustion gases are swept from the
furnace through an afterburner containing a
reagent to scrub sulfur compounds from the
gas stream prior to collection in the ballast
volume. The combustion gases are collected
in a ballast where they equilibrate and mix
before a representative aliquot (3 cm3 or
10 cm3 volume) of the gas is extracted and
introduced into a flowing stream of inert gas
(helium or argon) for analysis. The aliquot
gas is carried to an infrared cell (IR) for the
detection of carbon (CO2) and a thermal
conductivity cell (TC) for the detection of
nitrogen (N2). A separate portion of the
ballast gas is transferred to an IR cell for the
determination of hydrogen (H2O).

Key Words
# 828 Series
# CHN
# Carbon
# Hydrogen
# Nitrogen
# Coal
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Instrument: CHN828

42 // LECO Energy & Fuels 2022

DETERMINATION OF CARBON,
HYDROGEN AND NITROGEN
IN COKE

Carbon, hydrogen, and nitrogen deter
mination is part of the ultimate analysis of
coke fuel material, aiding in characterizing
the material and providing information that
can be utilized in calculating material/
energy balances and efficiencies, as well
as emissions potentials for the coke fuel.
The LECO CHN828 is a combustion carbon,
hydrogen, and nitrogen determinator that
utilizes a pure oxygen environment in a
vertical quartz furnace, ensuring complete
combustion and superior analyte recovery.
Combustion gases are swept from the furnace
through an afterburner containing

a reagent to scrub sulfur compounds from the
gas stream prior to collection in the ballast
volume. The combustion gases are collected
in a ballast where they equilibrate and mix
before a representative aliquot (3 cm3 or
10 cm3 volume) of the gas is extracted and
introduced into a flowing stream of inert gas
(helium or argon) for analysis. The aliquot
gas is carried to an infrared cell (IR) for the
detection of carbon (CO2) and a thermal
conductivity cell (TC) for the detection of
nitrogen (N2). A separate portion of the
ballast gas is transferred to an IR cell for the
determination of hydrogen (H2O).

Key Words
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# Coke
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Instrument: CHN828
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SULFUR DETERMINATION
IN COAL AND COKE

Total sulfur value is an important characteri
zation measurement for coal and coke fuel
materials and is considered to be part of the
ultimate analysis parameters (determination
of carbon, hydrogen, nitrogen, sulfur, and
ash with oxygen calculation by difference).

The total sulfur value is a primary parameter
used for assessing the quality of a fuel,
calculating coal and coke preparation
and cleaning processes, and the emissions
potential of the fuel.

Key Words
# 832 Series
# Sulfur
# Cole
# Coke
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Instrument: S832 Series
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SULFUR AND CARBON IN
COAL AND COKE

Total sulfur value is an important characteri
zation measurement for coal and coke fuel
materials, and is considered to be part of the
ultimate analysis parameters (determination
of carbon, hydrogen, nitrogen, sulfur, and
ash with oxygen calculation by difference).
The total sulfur value is a primary parameter
used for assessing the quality of a fuel,

calculating coal and coke preparation
and cleaning processes, and the emissions
potential of the fuel. Total carbon in these
materials is typically used to calculate CO2
emissions potential when used as a fuel, to
calculate a material balance and process
efficiency, or to determine a material quality.

Key Words
# 832 Series
# Sulfur
# Carbon
# Coal
# Coke
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Instrument: S832 Series
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DETERMINATION OF MOISTURE,
VOLATILE, AND ASH IN BIOMASS/
PLANT TISSUE

Moisture, volatile matter, and ash are
important constituents for the quality
characterization of fuel materials. Moisture,
as determined by this instrument, is used
for calculating analytical results of the fuel
to a dry basis. Volatile matter is a primary
constituent of solid fuels used in assessing the
combustion characteristics. Ash determination
is typically used to calculate ash yields for
the fuel and other calculations involving
the material balance for ash handling and
disposal requirements for the fuel utilization.
Thermogravimetric analysis (TGA) is an
analytical technique in which changes in
sample mass, due to changes in physical

and chemical properties of materials, are
measured as a function of temperature and/
or time. TGA is commonly used to determine
selected characteristics of materials that
exhibit either mass loss or gain, due to
decomposition, oxidation, or loss of volatile
materials such as moisture.
The LECO TGA801 is a macro
thermogravimetric analyzer designed to
determine moisture, volatile and ash content
of materials by measuring the change in
mass of the sample as a function of the oven
temperature while controlling the atmosphere
and ventilation rate. The TGA801 allows up
to 19 samples to be analyzed simultaneously.

Key Words
# TGA801
# Moisture
# Volatile
# Ash
# Biomass plant
tissue
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Instrument: TGA801

46 // LECO Energy & Fuels 2022

MOISTURE, VOLATILE MATTER, ASH,
AND FIXED CARBON DETERMINATION
IN COAL

Moisture, volatile matter, and ash are
all important solid fuel characterization
measurements for coal materials. The
moisture, volatile matter, and ash results are
typically among the primary parameters
used for assessing the quality of a solid
fuel material. The moisture result is utilized
for calculating the dry basis results of other
analytical results. The ash result is utilized in
the ultimate analysis calculation of oxygen by
difference (ASTM D3176) and for calculating
material balance and ash load purposes
in industrial boiler systems. The volatile

matter result indicates the coal yield on the
carbonization process, providing additional
information on combustion characteristics
of the materials, and establishes a basis
for purchasing and selling the solid fuel
materials. Fixed carbon is a calculated value
of the difference between 100 and the sum of
the moisture, ash, and volatile matter where
all values are on the same moisture reference
base. The LECO TGA801 is a macro
thermogravimetric analyzer that allows up to
19 samples to be analyzed simultaneously.

Key Words
# TGA801
# Coal
# Moisture
# Volatile matter
# Ash
# Carbon
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Instrument: TGA801
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MOISTURE, VOLATILE MATTER, ASH,
AND FIXED CARBON DETERMINATION
IN COKE

Moisture, volatile matter, and ash are all
important solid fuel characterization measure
ments for coke materials. The moisture,
volatile matter, and ash results are typically
among the primary parameters used for
assessing the quality of a solid fuel material.
The moisture result is utilized for calculating
the dry basis results of other analytical
results. The ash result is utilized in the ultimate
analysis calculation of oxygen by difference
(ASTM D3176) and for calculating material
balance and ash load purposes in industrial
boiler systems. The volatile matter result

indicates the coke yield on the carbonization
process, providing additional information on
combustion characteristics of the materials,
and establishes a basis for purchasing
and selling the solid fuel materials. Fixed
carbon is a calculated value of the difference
between 100 and the sum of the moisture,
ash, and volatile matter where all values are
on the same moisture reference base. The
LECO TGA801 is a macro thermogravimetric
analyser that allows up to 19 samples to be
analysed simultaneously.

Key Words
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Instrument: TGA801
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