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Now that the U.S. Environmental Protection Agency (EPA) has enacted new, lower sulphur level requirement in gasoline (Tier 3), there is 
a renewed interest within the petroleum industry for measuring ultra-low level sulphur in fuels. The Tier 3 rule, part of a comprehensive 
approach to reducing the impacts of motor vehicles on air quality and public health, was signed earlier this year with the expectation of a 
2017 implementation. The new regulations will ratchet the level down from 30 ppm to 10 ppm for sulphur. While there is much debate about 
the cost and scope of the implementation, there is no doubt that refi ners will need to adapt. These changes will require refi ners to modify 
and install new infrastructure in their process units to meet this new specifi cation. Out of the 108 refi neries affected by the new ruling, only 
40 currently meet it. The other 68 refi neries will require upgrades that may take as long as two years to implement. Refi ners that process 
sour, heavy crudes may face even greater compliance challenges. To help ease the burden, the EPA has offered some relief in the form of 
compliance suspensions for smaller refi ners, credits for past performance, and averaging of sulphur content nationwide.

In order to make the transition as 
smooth as possible, it is critical to seek 
out the most effi cient and precise 
technologies for measuring sulphur at 
these new ultra-low levels. XOS has 
been at the forefront of elemental 
analysis of petroleum products for well 
over a decade, supplying tools like the 
Sindie® Sulphur Analyser to aid with 
the ultra-low-sulphur-diesel (ULSD) 
implementation in the early 2000s as 
well as the California Air Resources 
Board (CARB) requirements for gasoline. 

Although x-ray fl uorescence (XRF) technology has been a standard in the petroleum business 
for many years, the introduction of XOS-patented monochromatic wavelength dispersive x-ray 
fl uorescence (MWD XRF) technology has surpassed the traditional limits of XRF sulphur analysis. 
Over the years, XOS has further enhanced MWD XRF technology to the point of being able to 
measure down to 0.50 ppm quantitatively with a simple plug-and-go analysis system that can take 
measurements instantly with little-to-no sample preparation. 

Cutting Through the Noise
Diffraction-based x-ray optics enable highly intense monochromatic x-ray beams using low-power, 
air-cooled x-ray tubes. These three-dimensionally shaped x-ray optics selectively refl ect a very narrow 
band of x-ray wavelengths for sample excitation, according to Bragg diffraction laws. MWD XRF 
eliminates the scattered background peak caused by the x-ray tube and improves the signal-to-
background ratio (S/B) by a factor of 10 compared to conventional WD XRF. As a result, MWD 
XRF technology enables robust, low-maintenance lab and online analysers with dramatically lower 
detection limits and faster response times.

An MWD XRF analyser engine consists of a low-power x-ray tube, a point-to-point focusing optic for 
excitation, a sample cell, a second focusing optic for collection and an x-ray detector. In this system, 
outlined in Figure 1, the fi rst focusing optic captures a narrow bandwidth of x-rays from the source and 
focuses this intense monochromatic beam to a small spot on the fuel cell. The monochromatic primary 
beam excites the sample and secondary characteristic fl uorescence x-rays are emitted. The second 
collection optic collects only the characteristic sulphur x-rays that are then focused onto the detector. 

The MWD XRF analyser design provides several advantages, including sub-1 ppm sulphur detection 
and a much simplifi ed and highly robust x-ray technique. The analyser’s focusing geometry 
illuminates only a small area of the sample. The analyser engine has no moving parts and does 
not require consumable gasses or high temperature operations. The S/B is improved by using the 
monochromatic excitation of the x-ray source characteristic line. Additionally, the focusing ability of 
the collection crystal allows for a small-area x-ray counter, which results in low detector noise and 
enhanced reliability.

Monochromatic excitation provides another important advantage over polychromatic excitation: simplifi ed 
quantifi cation and matrix effect correction. By using a single wavelength for the primary beam, the 
fl uorescence intensity of an element in a sample can be related to its concentration by simple equations 
relying on the fundamental parameters of materials at only two wavelengths. This eliminates the need for 
sophisticated correction methods and increases the accuracy and reliability of the measurement results—
key factors when deciding which ASTM method to follow for sulphur analysis.

Reducing Compliance Costs Without Compromising Precision
While the technology of an analyser engine drives performance, the acceptance of that technology 
via a standards method body is what dictates industry use. The Sindie Analyser’s MWD XRF 
technology is a form of traditional WD XRF and offers compliance with major sulphur test methods 
such as ASTM D2622, ASTM D7039, and ISO 20884. There are several components that make up 
a standard, including the precision statement—a key component of the Tier 3 rule that focuses on 
repeatability and reproducibility. Repeatability (r) is typically the variation of measurements taken on 
one instrument of the same sample under the same operating conditions. Reproducibility (R) is the 
variation of running the same sample at different test sites using similar equipment.

ASTM D7039 is the sulphur method based on the MWD XRF technology. In 2013, a number of 
changes were adopted with a new version of the method. These changes include expanding the 
scope to include biodiesel, biodiesel blends, jet fuel, kerosene, and ethanol blends. The method also 
has an expanded range of sulphur concentration from 3.2 mg/kg up to 2822 mg/kg. The precision 
statement has been updated to include a repeatability (r) for all products of 0.4998 * X^0.54 and 
a reproducibility (R) for all products of 0.7384 * X^0.54. With acceptance in product specifi cations 
such as D4814 for gasoline and D975 for diesel, the D7039 method provides a great option for 
running sulphur in fuels.

Meeting Tier 3 
Requirements with 
Ease and Precision                        
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Table 1. Counts data obtained from a typical Sindie system.
Calculation is response counts divided by background counts.

Continued on page 10
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The Sindie 2622 Analyser offers compliance with both D2622 and D7039. The 
ASTM D2622 method is one of the original sulphur analysis methods via XRF. 
It contains a range of products from gasoline to jet fuel to crude oil. The range 
for D2622 is from 3mg/kg up to 4.6 wt. % total sulphur. Per the EPA, D2622 
is currently the designated test method for measuring sulphur in gasoline and 
diesel fuel at the 500 ppm sulphur standard. Moving forward, D2622 is also 
one of the primary methods named by the EPA for the Tier 3 rule.

 At the refi nery, improved repeatability can have a major impact on the 
process. The ability to closely monitor and immediately identify process 
shifts of 1-2 ppm sulphur can result in extended catalyst life and reduced 
costs. In a pipeline application, MWD XRF technology also helps to ensure 
consistent, reproducible results as products pass from site to site. It is also 
critical at pipeline terminals to monitor interface cuts and tank contamination 
prevention. MWD XRF technology is available for process applications, 
allowing for constant process monitoring of sulphur levels in addition to 
validating them in the lab. The precision of the Sindie On-Line system, 
powered by MWD XRF, enables automation of the closed loop process 
control, which saves money and resources.  The Sindie On-Line Analyser uses 
a cutting edge dynamic window module to continuously monitor sample as 
it would fl ow through the process, providing quick, low maintenance analysis 
of many different types of petroleum products from crude oil to gasoline. 

WD XRF is a long-standing proven technology, and the enhancements achieved 
through MWD XRF allow for the additional speed and precision necessary to 
meet increasingly stringent sulphur regulations, such as Tier 3. 
For more information on sulphur analysis using MWD XRF technology, visit 
www.xos.com/energy. 

A yellow grease B soy 
Table 2. Successive sulphur measurements of different fuel types in various sulphur concentrations on same analyser, run in 2622 mode.
Set measurement time: 300 seconds.

Continued from page 8

Simple, Precise, Reliable 
Sulphur Analysis

Simplicity, precision and reliability; The Sindie 2622 Analyser 
from XOS (USA) delivers all of this, plus the fl exibility of 
compliance with multiple standards in one package; including 
ASTM D7039, ASTM D2622 and ISO 20884. The Sindie 
Analyser uses XOS-patented monochromatic wavelength-
dispersive X-ray fl uorescence (MWDXRF) technology—state-
of-the-art doubly curved crystal optics that increase signal to 
background ratio, the most critical aspect in low-level sulphur 
detection. Additionally, the virtual elimination of background 
interference allows the user to measure without a high power 
tube and without helium, requirements for traditional WDXRF 
analysers. The Sindie Analyser also allows for superior limits of 
detection with levels below 1 ppm up into the percent ranges. 

The Sindie’s robust polyimide window interface can stand up 
to any petroleum product sample, so the user doesn’t have to 
worry about damaging the sensitive internal components. The 
Sindie Analyser is an ideal sulphur analysis solution for ultra low 
diesel and gasoline to heavy fuel oil and crudes. 
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New Benchtop EDXRF Elemental Analyser
For more demanding applications, or for situations where analysis time or sample 
throughput is critical, Rigaku (USA) offers the new NEX QC+ spectrometer. 
Employing the next generation silicon detector technology, the enhanced NEX QC+ 
affords signifi cant improvement in elemental peak resolution and counting statistics, 
resulting in superior calibrations and measurement precision for the most challenging 
measurements.

Specifi cally designed for routine quality control applications, the new Rigaku NEX 
QC+ features an intuitive “icon-driven” touch screen interface for easy operation and 
a built-in printer for convenience. The shuttered 50kV X-ray tube and Peltier cooled 
semiconductor detector deliver exceptional short-term repeatability and long-term 
reproducibility with excellent element peak resolution. This high voltage capability 
(50 kV), along with multiple automated X-ray tube fi lters, provides a wide range of 
applications versatility and low limits-of-detection (LOD).
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High Effi cient Analysis of 
Refi nery Gas and Low Sulphur
Global Analyser Solutions (Netherlands) has introduced a cost effective solution 
by integrating the analysis of Refi nery Gas and Low Sulphur in one instrument. 
The analyser has separate channels for the analysis of: H2 and He; Permanent 
gases; Hydrocarbons; ppb level Sulphur components like H2S, COS, SO2, CS2 and 
mercaptanes.

Channel 1, 2 and 3 use double TCD and FID, while the fourth channel is confi gured 
with a high sensitive and selective fl ame photometric detector.

Other methods like analysis of oxygenates or aromatic components can be combined with RGA as well. A single instrument solution 
which combines ASTM methods D4815, D5580 and D3606 is also available. Investments are reduced and bench space is saved in 
this way.
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