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Fig. 1. Bruker AXS$4 EXPLORERWDS
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Introduction

On October 1, 1993, the U.S.
Environmental Protection
Agency’s Clean Air Act
Amendment of 1990 took ef-
fect and required that al high-
way diesd fuels have amaxi-
mum sulfur concentration of
500 ppm by weight. Proposed
amendmentsto thisregulation
could reduce the maximum
aulfur concentrationto 30 ppm
or lower by 2009, and many
European countries are aso
making rapid movesto reduce
aulfur in fuds. The European
Union’s recently adopted
“Auto Oil Package” sets a
maximum of 350 ppm for sul-
furindiesd fuel, withareduc-
tionto 50 ppm by 2005. Some
European countries provide
tax incentives for low-sulfur
diesdl fuel (<50 ppm in the
United Kingdom and Finland,
<10 ppm in Sweden).
Thestandard method by which
the EPA regulates the maxi-
mum sulfur concentration is
based on the ASTM D2622
designation [1]. This designa
tion outlines the standard test
method for determining sulfur
in petroleum products using a
wavelength-dispersive X-ray
spectrometer (WDS) as the
recommended analytical instrument.

Until now, appropriate WDS systems for this
test were limited to ether high-cost, high-per-
formance systemswith 3- 4 kW X-ray genera-
torsor low-cogt, low-performancesystemswith
0.2 - 0.4 KW sources. Here we present a low-
cogt, high-performance WDS system with an
optima configuration for the anaysis of petro-
leum products Thelevel of precisionand lower
limit of detection (LLD) of sulfur in diesal fu-
esisaso discussed.

Ingrument Configuration

The $4 EXPLORER (Fig. 1) isan ided solu-
tionfor analyzing petroleum products. Thissys-
tem is cgpable of matching the analytical per-
formance of ahigh-power system, a afraction
of the cost, and includes some unique festures
that mekeit better suited than most high-power
systemsfor analyzing petroleum products. The
4 EXPLORER is a compact unit with very
smdl footprint andismounted on casters. Thus,
the instrument requires only a smal niche in
the lab and can be easily rolled out for better
access whenever service is required. The cost
of operating the 4 EXPLORER hasaso been
reduced; it does not require an external water
supply, compressed air, or P10 gas for the de-
tector. Theonly connectionsrequired by the S4
EXPLORER arean electrical power outlet and
ahdium gas supply for anayzing liquids.

The S4 EXPLORER uses aspecidly designed
1-KW ceramic X-ray tubewithan ultrathin 75-
pm beryllium end-window. This X-ray tubeis
positioned below the sampleto optimize liquid
sample presentation to the X-ray beam. A
closely coupled optical path provides high in-
tengities and low detection limits for al de-
ments. The low operating power minimizes
adverse effects of sample heating by the X-ray
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Fig. 2. $4 EXPLORER automatic sample loader.
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beam, i.e, degassing of the sample, deforma-
tion of the sample cell window, and evapora:
tion. Automatic computer control of the X-ray = L]

generator provides maximum senstivity for &l
eements

The S4 EXPLORER has the same features
found in expensive systems: a 10-position pri-
mary beem filter changer, upto 4 primary colli-
mators, and up to 8 andyzer crysas. It uses
two detectors mounted side-by-side in the
vacuum chamber. One is a scintillation detec-
tor, which is used to meesure the higher energy
lines, and the other isanewly developed Pro4
sedled proportiond detector for measuring the
lower energy lines. This detector provides the
same performance as atraditiond gas-flow de-
tector without its added expense.

Traditiond liquid ssmple andysis requires the
entire optical path in the X-ray spectrometer to
be flushed with helium gas. Bruker AXS has
developed a unique vacuum sedl thet utilizesa
thin window between the spectrometer cham-
ber and the sample chamber. This alows the
spectrometer chamber to remain under vacuum
atdl times, and only thesample chamber needs
to be flushed with helium when measuring lic-
uids. This arrangement minimizes the time re-
quired to switch between the conventional
vacuum and helium-flush modes of operation.
The vacuum sed aso provides a sefety inter-
lock between the sample and spectrometer
chambers, preventing liquids from contaminat-
ingtheoptical pathintheevent of samplespills
or cup leskage

The Bruker AXS $4 EXPLORER fedtures an
automatic sample loader (Fig. 2) which is de-
signed to handle a mix of liquid and solid
samples with random access capebilities. Pri-
ority levels can be set for individua samples,
thereby controlling the sample sequence dur-
ing measurement. New samples can be added
duringarunandgivenahighpriority (eg. “next”
sample) without interruption of the current
andysis Alternatively, an “immediate’ mode
is dso available which dlows the interruption
of the current measurement (without loss of the
data collected up to that point) so that rush
samples can be anayzed immediately. These
feetures dlow awide variety of samplesto be
handled routinely without any modificationsto
the system.
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Fig. 3: Calibration curve for sulfur in 8 petroleum reference samples.

Instrument Calibration

Ten liquid caibration standards with concen-
trations ranging from O to 1000 ppm sulfur by
weight were obtained from acommercid labo-
ratory [2]. These standards were prepared in
accordance to ASTM method D2622 and are
NIST tracesble. Individua specimenswerepre-
pared by pouring the liquid samples into 40-
mm diameter plastic cells fitted with 6-pm
polypropylene windows. Each cell was vented
to prevent the polypropylene window from
bulging during andlysis. Theseliquid cellswere
then placed into sample holders with stainless
steel masks with 28-mm diam. openings. The
intensities at the peak and off-pesk background
angles were measured from the liquid ssmples
using the S4 EXPLORER. A cdibration curve
(Fig. 3) was calculated from eight of the ten
standards by multiple regression of the mea-
sured net intensities on the known concentra-
tions of the standards. Two of the cdibration
sandards (25 ppmand 100 ppm) wereheld back
for useastest samples. Thecdibration datahad
agtandard deviation of 4 ppm with asensitivity
of 82000 cps/% for sulfur. The Lower Limit of
Detection (LLD) for sulfur in diesd fuel was
caculated to be 0.5 ppm a a counting time of
100s

Precison Test

A precision test for sulfur was performed on
twenty individua samples prepared from the
25- and 100-ppm sulfur standards, which were
not used to define the calibration curve. The
results summarized in Table 1 show that the
messured meen + std. dev. velues were 25 +
0.4and 99+ 0.9 ppm, respectively. TheASTM
D2622 test method allows a range of 7 ppm
sulfur for successive measurements with a
25-ppm sample, and a range of 4 ppm for a

100-ppm sample: The maximum sulfur ranges
meesured with the S4 EXPLORER were 2 and

4 ppm, respectively.

Table 1. Precision test (n = 20) for measurement of
sulfur standards with the $4 EXPLORER.

Sulfur Sample 25 ppm | 100 ppm

Maximum value 26 102
Minimum vaue 24 98
Range of values 2 4

Average vaue 25 9

Abs. Std. Dev. (10)| 0.4 09
Rel. Sd. Dev. (1) | 1.7% | 09%

Summary

The $4 EXPLORER easily met the EPA re-
quirements for the accurate determination of
sulfur in diesdl fuels and it is certainly capable
of meeting the proposed future requirements of
the EPA and European countries. The $4 EX-
PLORERisidedlly suited for thewiderange of
process control gpplications in the petroleum
industry.
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