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Detecting Sulfur in Diesel Fuel

By RA. Kishore Nadkarni

estimony heard at the just-completed

US  Envieonmental  Protection

Ageney (FPA; Washington) public
hearings contfirms that dicsel will remain
the domirant motor fuel for bus and high-
way-freight-truck traftic. As Fllen Shapiro,
auto hiels director for the Alliance of
Automobile Manuofacturers (Washington),
pointed out at the Atlanta hearing, "Diescl
motors will continue to do the heavy lifting
that is vital to international commerce and
the ULS. economy.”

Unfortunately, today's combustion tech-
nology and diesel fuel generally contribute
to the emission of oxides of nitrogen (NOx)
and  of particulate  matter  (PM),
Conventional wisdom holds that in order to

clean up diescl engine exhaust and to acti-
vate the best after-treatment technologics,
diesel motors must combust only fncls that
contain "nearzero” sulfur. Accordingly, the
IXPA has proposed a rule to significantly
reduce the sulfur levels in highway dicsel
fuels by the year 2006 (1), 'Lhe proposed pro-
gram will bring heavy-duty diesel emissions
on pat with those from new cars. EPA esti-
mates that the proposed program will result
mn NOxand PM emission reductions of 9%
and 95%, respectively, below the eument lev-
cls. To achieve these standards, the proposal
calls for a 97% reduction in the sulfur con-
tent of diescl fuels.

By the EPA's own estimates, refiners will
have to produce diesel at 7-ppm sulfur levels
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to ensure that the sulfur standard is not
exceeded during the fucl’s journey to the
end user. Also, for the kerosene and other
additives added to dicsel fuel to improve its
performance, EPA s proposing to limit the
sulfur content to no more than 15 ppm, the
same level proposed for highway diesel fucl,

Although some of the sulfur measure-
ment burden is handled by online instru-
mentation, the majority of regulatory report-
ing and control analvsis is and will be gener-
ated by the quality control laboratory.
[However, the FPA has also designated only
one American Socicty for Testing and
Materials (AS1TM; West Conshohocken,
PA} standard test methed, D 2622 (with

some modifications), as the benchmark test




method for quantifying the sulfur content
of dicsel fuel for compliance determina-
tion. While not as controversial as the over-
all magnitude of the proposed mandated
sultur reduction, this lack of flexdbility and
capability regarding the ability to legally
andd aceurately measure these very low
sulfur conceutrations is becoming a
major concern for refinery measure-
went and control planners.

ASTM STANDARD TEST
METHOD D 2622-98

‘The [ 2622 test method is based on
the lechnigue of wavelength dispersive
X-ray  fluorescence  spectrometry

(WDXRF). As published in the ASTM

cations proposed by the KPA. Couversely,
abundant evidence indicates that the cur-
rent 12 2622 test method cannot adequately
meet the precision and aceuracy require-
ments al sulfur levels of 15 ppon and below
in diesel fucl.

©  COMPARISON OF SULFUR RESULTS IN GEN T¢
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sulfar content fucl requirements, Xeray
methods D 2622 and 1D 4294 may no fonger
be useful. While 1Y 2622 had the lowest
standard deviation across the higher con-
centration ranges, tesl method D 5453 had
the best standard deviation at sulfur levels
below 50 ppom.

The bias of these thiee test methods
was also studied at 10- to 200-ppm sulfur
levels by the use of a single iso-octane
matrix for gravimetrically prepared sam-
ples containing 24 organo-sulfur com-
pounds expected to be present in gaso-
line and diescl fucls. No bias {i.c., accu-
racy within the precision limits for each
test method) was found in any of the
three methods.

Book of Stemdards, the current version
(adopled in 1998) docs not include test
repeatability or reproducibility data for
dicsel fuel with a sullur content of less
thau 60 ppm, As has been documented
elsewhere (2, 3), 13 2627 is widely used
antdl has acceptable precision above the
30-ppm sulfur level. However, this
method has very poor precision at
lower sulfor levels, such as the newly
proposed limits of 15 pom in diesel.
F.PA s proposed two modifications to
the basic 1D 2622 test method to

© PRECISION OF SULFUR TEST METHODS IN CEN/TC
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Additionally, the study aimed to
identify the best Jow-level precision
and accuracy capabilities it test moth-
ods 12 2622 and 1) 5453, Of these two,
the 1D 3453 micthod had better data at
the lowest sulfur levels (below 30 ppimy},
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improve the precision:

o Using a measurement blank  £8]
closely resembling the hoiling-
paint range and density of
dliesel fiel and

¢ Prepunng calibration stan-
dards and samples in a solvent
wixture of eight specified
hvdrocarbons and  ensuring
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REPRODUCIBILITY OF TEST METHODS USED IN THE CEN

ROUND ROBIN FOR DIESEL SAMPLES

05453"

CEARELY: ¢ (M[cmmm;:;

Tios
zs:ss"ﬁ(]”ﬁ'5@”
EEEE R
cgeszaiEsu

W;s.“m,auww

1)312&311,,";‘ aj,‘g

In fitel samples containing less than 10-
ppm sulfur, 17 3433 demonstrated no
difficulty in handling the analysis,
Thus, the 13 2622 test methad was at its
linit of detection at 10-ppm sulfur, and
DD 4294 capability is cnsured only
above the 50-ppm sulfur level. Again,
[ 5453 was reliable at sulfur
levels as low us 1 ppm.
Owverall, this study found
strong evidence that 13 5453,
not 132622, could be routinely
applicd to the determination
of sulfur in fiquid hydrocar-
bons at levels below 10 ppm.
‘This conclusion is consistent

thal the calibration line goes
through zcro.

[t is also suggested that the analysis be
done wsing only end-window XRE instru-
ments. Without a doublt, this last require-
mentwould pose particular difficulty for the
oil industry: A rge majority of the WYTXRF
instruments in use today are of the side-win-
dow configuration, and it may not be an
easy matter to change the configuration
from side window to end window.

WIDNRE instruments cost upwards of
$150.000 cach and usually need amiual
maintenance costing upwards of $15,000.
Regardless, neither the petroleum industry
nor ASTM has any experience regarding the
precision, either intra- or inter-laboratory, of
this method when incorporating the modifi-

ASTM RESEARCH REPORT
D02.1456

In a detailed research study conducted
by Southwest Research Institute (SwRI; San
Antonio), three dorminant sulfur test meth-
ods were compared for filness of use (4).
The three ASTM sulfur test methods exam-
ined were 1) 2622 WDXRE 13 4294 energy-
dispersive XRF (EDXRI), and 1D 5453 com-
bustion ultraviolet (UV)luorescence for
measurements in the range of (- to 5(H)-
ppmn sulfur. While both D 2622 and 13 5453
test methods demonstrateed an equivalent
titness for use down to 20 ppm, only the D
5453 test method was found fit for use down
to | ppm. Thus, for the new stringent low-

with most petrolenm-industry
laboratory experience.

EUROPEAN ROUND ROBIN
The newly proposed FN 228 and EN 390
regulations require 330-ppm sulfur in current
diescl products and S0-ppm sulfur for the
year 2005. Somc countries, such as
Cermany, have expedited these time frames
by providing tex incentives that reward -
ppm-sulfur motor fuels. To ascertain testing
capabilities at these levels, a very large Tound
robin was reeently completed in Europe,
under  the Center  for  HKuropean
Normalization {CEN) Techmnical
Committee (TC) 19 Working Croup (WG)
27. Sixty-nine laberatorics from nine cour-
tries participated in the determination of sul-
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fur at levels between 5 and
506 ppm in eight gasoline
and seven diesel samples
using live test methods: D
3622 WDXRE, 1D 4294
LXRIY [ 5453 combustion
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4] ANALYSIS OF DIESEL SAMPLES IN ASTM G 92 GROSS-GHEGKS
SAMPLE D129 D 1266 D 2622 D 4045 D 4294 D 5433
(LEDXRYY
4560530

any indication, at 15 ppm
and below, the D 5453
method appears ta be best
suited for obtaining opti-
mum precision and sulfur

(LVTL)

L measurenment aceuracy.
UV-Aluoreseence, 13 3120 R At the moment, petrole-
combustion microcoulome- o B ’ um-industry  laboratories
3 614 * 66 41 .
try, and 12 1266 Wickbold ! 4' have no experience to deter-
combustion {5). = 1 1 o 53 mine whether the D 2622
36 4.1 36 9.5 1.7 o . N

Al most subfur levels test- ' modifications from by LLPA
cd, all five test methods pro- N R ! o N e » will produce adequately
duced essentially equivalent AL kG ;;5:31509 . Z;Z : im P 5141 afmw +:|  accurate and precise results.
results (Table 1, P11), but the TV o 7 i It is hoped that the ASTM
precision of different test 86 D02 Subcommittee 3 on
methods varied considerably 3 Flemental Analysis will initi-
{Lables 2 and 3, PI). Tor sul- AR s ate an industry cross-check
fur concentrations below 30 DL 8610 X 0 n » later this year to validate the

e 31 17 e
ppat, the best reproducibility 50 0 modified method. Based on
. 3 31 3 . o

and aceuracy were oblained %RS0 » - the SwRIL CIN, and ASTM

N - ~ac 4 137 24 - .
using the 132622 and [ 5453 CS 92 cross-checks dis-
test methads, O these, the 1D - cussed above, petrolenm-
5453 mcthod was considered .’; 3 industry control and mea-
suifable Tor determination of f: aq surement teams must care-
sulfur at and below the 10- . '58 fully examine various sudfur

ppm - level required i the
future Furopean dicsel fuels.

ABRREVIATYONS: X, mean value (ppm); 8D, seandard deviation (ppen; %R8D, relacive standard deviation (46); N,

number of valid resulis; insufficient data for staristical calenlations

test method capabilities as
they begin their joumey

"The recommendations of
this CIWN rormd robin are consistent with
the conclusions of the SwRl study, in short,
that test method 1 5453 is the most suitable
test method for determining the level of sul-
fur in diesel (or gasoline) products contain-
ing 10-ppin sulfur o less.

ASTM INTER-LABORATORY
CROSS5-CHECK PROGRAM

lor the last decade, ASTM Cornmnittee
102 on Petrolewm Products and Lubricants,
through its Coordinating Subconmmittee
(CS) Y2, has conducted a voluntary profi-
cicney testing progran (6). One of the prod-
ucts amalyzed i this program is # 2 diesel
fuel; 260 laboratories worldwide were
involved. The most commonly used test
methods for sulfur determination in these
cross-checks are D 4294 EDXRE, D 2622
WDIXRI, amd 13 5453 UN-Aluorescopy, in
that order. Based on five recent cross-check
tounds, on the average, the three methods
were used by 147, 64, and 19 laboratorics,
respectively. Three other test methods—D
129 Bomb combustion {nine laboratories), 13
1266 Wickbold (three or four laboratorics),
and 123 4045 hydrogencolysis and rateomet-
ric colorimetry (three or four laboratories) —

were used to a much lower extent.

Tt is instructive 1o review the data gener-
aled in these cross-cheeks to assess the real-
world capabilities of these test imncthods for
low=sulfur content determination, Table 4
surmmarizes the data obtained in the last five
CS 92 cross-checks using these six test
methods to test # 2 diesel fuel.

The date clearly show that the [ 129
homb and D 1266 Wickbold test incthols
are unsuitable for this analysis. The repro-
ducibility of the I 129 micthod resulls varies
[rom 30% to 93% rclative standard deviation
{or ZRSD), and reproducibility of the 12
1266 method ranges from 2 %RSD to 131
RSP, In some cases the values obtained
by these two methods are also hiased com-
pared with those obtaired by other test
methods. The other three main test meth-
ads (D 4045 is used very infrequently) pro-
duce essentially similar mean values.

At the sulfur concentration range of
these five samples (60—46( ppmj, the pre-
cision of [ 2622 results was superior to that
of the D 4294 and D 5453 test methads.
Unfortunately, the sulfur level of interest in
the recently proposcd FPA diesel regula-
tions is far below the levels in these cross-
cheeks. If analytical expericnee in low-sul-
fur gasoline and European-grade dicse! is

toward the production of
near-zero-sidfur fuels.
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