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Abstract

A comparison of high accuracy methods for the analysis of total sulfur in gas oils by three metrology institutes is described. The work
contains a comparison of three different aspects of the analysis: sample digestion, instrumental measurement and isotope dilution strategies.
Thermal ionisation mass spectrometry (TIMS) in combination with high pressure asher (HPA) or Carius tube digestion has traditionally
been used for such high accuracy analysis. However, this paper demonstrates that the faster, less laborious technique of ICP-MS in combinatior
with microwave digestion is equally capable. Results from the comparison experiments show excellent agreement for fuel samples containing
sulfur concentrations in the range 11-2ag1. This excellent agreement across the different sample preparation, measurement and isotope

dilution techniques has been exploited in the certification of two new diesel fuel reference materials.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction diesel fuels with a maximum sulphur content of d§g !
are available from 1 January 2005 on an appropriately bal-
Environmental concerns about sulfur emissions from the gnced geographical basis. Moreover, the planned and already
burning of fossil fuels led to legislation related to the sulfur achieved goals on lowering the sulfur content in fuels neces-
content. In 1993, the EC legislation for sulfur content was sjtate improved measurement techniques.
500 and 200@.g g~* for petrol and diesel fuels, respectively The industry has a number of recognised methods for the
[1]. The current limits (set in 1998) are 150 and 3&0y*, determination of sulfur in fuel3]. The most common tech-
respectively, and the limit for both fuels is set to be reduced nique used by fuel companies to check sulfur in gas oil is
to just 50ug g~ by the year 2008]. In addition to the envi-  combustion followed by UV fluorescence. Other techniques
ronmental concerns, it is now recognised that sulfur contentinclude X-ray fluorescence or high temperature combustion
in fuel can reduce the efficiency of catalysts containing the followed by IR detection or iodometric titration of SOAs
platinum group elements such as those in car exhaust catathe demand for lower level analysis increases, these industry
lysts. These two concerns have increased the demand for fuemmethods require the support of high accuracy methods that
containing sulfur at less than 1@ g*. It is anticipated that  can provide reference values and certified reference materi-
the 10ng g~! maximum sulfur concentration for road trans-  als with low uncertainties at these diminished concentrations.
port fuels will become mandatory in the EU from 2009. It These can then be used to validate and maintain industry
is necessary to ensure that sufficient quantities of petrol andmethods at low levels.
One such high accuracy method for the sulfur concentra-

* Corresponding author. Tel.: +44 20 8943 7644; fax: +44 20 8943 2767. 1ion in gas oils has been isotope dilution (ID) followed by
E-mail addressruth.hearn@Igc.co.uk (R. Hearn). thermal ionisation mass spectrometry (TIM&)5].
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The inductively coupled plasma mass spectrometer (ICP- Table 1

MS) is increasingly being implemented as a tool for fast and Samples and spikes used in this comparison of methods (uncertainties are
precise isotope ratio measurements. Results for ICP-MS mea SXPandedi=2)

surements of sulfur have been published by Prohaska et alSample D Description Nominal or
[6], Hearn and Evanf], Yu et al.[8], Mason et al[9] and ig:{giij sulfur
Menedario et al.[10]. (rggh)
Both TIMS and ICP-MS require acid digestion Of fuel LGC3021 Candidate diesel reference material 10
samples prior to the measurement of sulfur. Three different | 5c3g22  candidate diesel reference material 30
sample digestion procedures have been presented in the littGc3023  Candidate diesel reference material 50
erature: Carius tube combustifB], high pressure asher di- BCR-672  Certified gas oil reference material 208
gestion (HPA)[4] and microwave digestion (MW7,11]. SRM3154 C_ert‘ified reference material (sulfuric acid) 103D
The Carius tube and the HPA digestion methods n com- 0%, DiionciNSTSRSIet = 1oa0a 021
bination with TIMS are considered as robust techniques asgam-spike ~ Solution enriched if#S 99.46+ 0.38
they are well established for this type of analygi$]. This SRM2724b  Certified diesel reference material 42657

study will focus on the comparison of these techniques with
the more recent techniques of MW digestion and ICP-MS.
In this study results from three metrology institutes (BAM,

i 3.2. LGC microwave digestion and ICP-MS method
LGC, and IRMM) will be presented.

3.2.1. Reagents for MW digestion

Sampes were digested using analytical grade nitric acid
(Romil, Cambridge, UK). After digestion they were diluted
using deionised water (18) taken from an Elga Maxima

The methodologies for isotope dilution used in this study \ a4er urification unit (Elga, Marlow, UK). NIST SRM3154
have been described in detail elsewhidid2]. In brief, iso- was used to correct the observed ratid<8£“S in the sam-

tope dilution involves the addition of an isotopically enriched. ple blends for mass discrimination. The isotopically enriched
analogue (often referred to as the spike) to the sample. Thisq, 4, ygeq for isotope dilution was elemental sulfur ob-
isotopic analogue is able to act as the ideal internal standardtained from Oak Ridge Laboratories (Oak Ridge, Tennesse
since it has the same chemical properties as the analyte to b‘?JSA) enriched if4S (95%). The sulfur was fully ,oxidised
determined. The isotopic abundances in both the sample and, H,SQy in concentrated HN@using the closed vessel mi-
the spike must be well characterised and the sample and spike, o5y technique outlined in detail below. The concentra-

must be fully equilibrated in solution. The measurement of tion of this spike was determined by reverse isotope dilution

the ratio of |sot_o_pes_ in the prepared Sample will then ‘?‘"OW mass spectrometry using a gravimetrically prepared standard
accurate quantification of the concentration of analyte in the from NIST SRM3154

sample.
The method used by LG(12] is referred to as “exact
matching double IDMS”, which requires the use of a well- 3.2.2. Procedure for microwave digestion followed by
defined calibration standard of natural, preferably certified, |CP-MS measurement
isotope abundances. However, the concentration in the iso- Sample digestion of the study samples was performed us-
topically enriched spike does not need to be exactly defined.ing the Multiwave 2000 microwave oven (Anton Paar, Aus-
The method used by IRMM and BAJ] is referred to as tria). Details of the microwave program are giverable 2
“single IDMS”. This method requires a spike material that is After digestion, the samples were diluted with deionised wa-

well characterised for concentration and isotope abundancester to & minimum final weight of 20 g. _
In addition, the next generation microwave, the Multiwave

3000 (Anton Paar, Austria), was used to prepare digestions

2. IDMS methodologies

3. Experimental of the NIST SRM2724b. This allowed a higher maximum
pressure of 80 bar and a higher maximum temperature of
3.1. Samples and reagents 260°C.

A comparison of the methods has been made using LGCT
. . . . able 2
candidate reference materials (supplied by BP Chemicals,icrowave digestion conditions
Sunbury, UK), a BCR certified reference material and a

dilution of NIST SRM3154 sulfuric acid standard solu- S%”;E{f;,fiﬁﬂ‘s g';?HN@,, 0.8ml HO,

tion (labelled MOS). In addition, the microwave digestion Maximum temp 200C

method and ICP-MS method have been validated using NIST Maximum pressure 75 bar

SRM2724b. A description of each of the samples and spikes Microwave settings: stage 1 Ramp from 50 to 1000 W over 15min
Microwave settings: stage 2 Hold at maximum temp for 30 min

used in this comparison is giveniable 1
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