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Introduction 
Modern refineries integrate industrial treatment plants with adequate quality control practices to obtain 
a wide variety of products controlling the efficiency of the operations. These operations involve physical 
and chemical processes, to convert the crude oil into higher value products, including but not limited to 
distillation, extraction, reforming, hydrogenation, cracking and blending. Gasoline, liquid petroleum gas 
(LPG), jet and diesel fuels waxes, lubricants, bitumen and other petrochemical products are the main 
products derived from oil. Emerging technologies in this field seek to optimise and to increase the yield 
of the refining processes meeting the environmental restrictions in terms of the transportation of fuels 
and the emissions as products of the refineries operations itself[1].

Sulfur, oxygen, nitrogen and some metals compounds are grouped in the hetero atoms commonly 
found in petroleum products. Sulfur in crude oils is present in the form of organosulfur compounds 
as mercaptans, mono-and disulfides with alkyl radical chains and thiophenes. Mono- and disulfides 
are not corrosive in contrast to mercaptans. In spite of a wide variety of organic sulfur compounds, 
hydrogen sulfide (H2S) is the predominant inorganic sulfur form given the low thermal stability of 
its organic forms during crude processing. H2S is a corrosive gas at high humidity levels and high 
temperatures. In petroleum fuel products, sulfur oxides (SOX) may be formed during combustion and 
they constitute a relevant environmental concern because they are considered air pollutants.

Elemental sulfur is recovered from natural gases with high H2S content via the Claus process. The 
process consists of multistage catalytic oxidation of H2S. Each catalytic stage consists of a gas re-
heater, a catalyst chamber and a condenser [2]. The gas stream leaving the Claus unit enters a tail 
gas treating unit with a total elemental sulfur recovery near 99.8% in order to comply with the sulfur 
emissions environmental standards [3]. Worldwide regulatory organisms (Directive of the European 
Parliament, the Environment Protection Agency (EPA), Environment Canada) direct their policies 
to decrease the sulfur content to 30-50 ppm in gasoline and diesel since January 2005. In fact, 
the zero-emission or ultra-low sulfur levels in fuels are expected. Desulfurisation technologies and 
critical point monitoring is mandatory to achieve the ultra-low sulfur content [4]. In addition, sulfur 
in contact with metal pipeline surfaces (transporting the oil and gases at different locations inside 
the refineries) results in an H2S corrosion reaction, which acts as a catalyst to promote adsorption of 
atomic hydrogen into the corroding steel [5]. 

Testing methods for sulfur in petroleum products 
There is a wide variety of analytical techniques available for hydrogen sulfide, total sulfur and specific 
sulfur speciation (mercaptans and thiols). The choice of the method depends on particular analytical 
parameters such as the sample phase, matrix composition, detection limit, accuracy, repeatability 
and reproducibility. It is also worth mentioning that the budget, ease of operation, low maintenance 
cost and simplicity of the method are also decisive factors in choosing the best technique for the 
determination of sulfur in petroleum products. 

For instance, for hydrogen sulfide determination in petroleum products, there is commercially 
and automatized qualitative and quantitative methods. In the qualitative category, the doctor test 
consists in reacting a hydrogen sulfide containing sample with a sodium plumbite solution. A black 
color appearance indicates the presence of H2S. The inconvenience of the method lies in the possible 
interference of mercaptans.  About the quantitative H2S methods in gas and LPG samples, the lead 
acetate and cadmium sulfide methods are usually applied. For the lead acetate method, a filter paper 
is chemically impregnated with a lead acetate solution which in contact with H2S will produce a 
brown color forming the salt lead sulfide. Methyl mercaptan may produce a transitory yellow stain 
that fades completely after 5 minutes. The cadmium acetate method consists in reacting a cadmium 
sulphate acidified solution with the H2S from the sample. The reaction product is a precipitate that is 
consecutively titrated with a standard iodine solution. 

For the thiol and mercaptans sulfur detection, the doctor test is utilized, once the H2S has been 
discarded or removed from the petroleum sample. After applying a qualitative test, then a stain 

tube may use to determine the mercaptans content of a petroleum product sample. The principle 
of this methodology is based on the length of the stain produced in a detector tube fully packed 
with a revealing chemical compound. It is a portable device designed for direct and in situ reading 
from ppb to ppm mercaptans levels in gas samples. In this last category of quantitative tests, we can 
include the potentiometric method. For this technique, sample is titrated potentiometrically, with a 
glass electrode as reference and a silver/silver sulfide as indicating electrode, in an alcoholic solution 
of sodium acetate.  Prior to the titration, the H2S should be removed from the sample; otherwise it 
would interfere in the results. 

The total sulfur content of petroleum products is commonly determine by oxidative pyrolysis in an 
oxygen rich environment for the sulfur dioxide determination carried out by multiple techniques 
including oxidative microcoulometry, ultraviolet fluorescence, non-dispersive infrared, x-ray 
fluorescence spectroscopy, gravimetric and titration methods and even gas chromatography for 
sulfur speciation [6].  

Whether to comply with environmental standards or to control process efficiency under safety 
practices, it is mandatory to monitor the sulfur content at ppm and ppb levels. Dry colorimetric 
method offers a reliable and affordable solution with accurate and repeatable results in different 
matrices including liquids and gases. Detection is performed using chemically impregnated filter 
paper with humidified lead acetate that provides good sensitivity and specificity to H2S gas. Total 
sulfur content in hydrocarbons based matrices consists in the conversion of organically bound 
sulfur compounds into H2S by reduction with hydrogen. The method does not require sophisticated 
components or extensive maintenance protocols for good performance. The technique is adapted to 
comply with ASTM methods: D4045, D4468 and D4084.  

   

Results
Dry colorimetric detection for total sulfur content is suited for different matrices including gases, 
LPGs and liquid hydrocarbons at different concentration ranges from low ppb to percentage content 
of sulfur. Figure N.1 presents results for different organic solvents representative of fuel matrices, 

Sulfur is one of the most abundant non-metal elements used in a variety of industrial applications, including 
the production of sulfuric acid, explosives, rubber, fertilisers, pigments, dyes, insecticides, detergents, as well 
as many inorganic salts and esters production. Sulfur is equally present in petroleum at concentrations ranging 
between 0.05 to 14wt%. Given the fact that sulfur is naturally found in petroleum products, it is considered 
an undesired impurity since sulfur may form salts products during the crude processing, increasing the risk of 
product leakage during transportation and altering the catalyst activity during the refining operations.  In order 
to control the sulfur concentration at different stages of hydrocarbon production, it is necessary to identify the 
critical point during the desulfurisation steps using appropriate analytical methods. Dry colorimetric method 
provides an option for sulfur monitoring at different concentration levels.

Figure 1: Total sulfur content in different organic solvents at concentration values below 1ppm.

Figure 2: Hydrogen sulfide in nitrogen (left); total sulfur content using COS in nitrogen (right). 
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New ion chromatograph with patent-pending design covers a wide range  
of applications and has only half the usual size of bench space needed
Shimadzu has introduced the new HIC-ESP (Ion Chromatograph) featuring a built-in electrodialytic suppressor. This outstanding anion suppressor minimises band spreading and 
achieves high sensitivity and reliable performance for the quantitative determination of anions. The suppressor is rugged, providing stable functionality over long periods of operation. 
Furthermore, the system’s small footprint requires less bench space in usually densely-packed laboratories: Best things come in small packages. The HIC-ESP covers a wide range of 
applications in environmental testing, pharma, chemistry and food science.

The HIC-ESP modular inert flow path system integrates a system controller, degasser, pump, CDD detector with temperature controlled flow cell, autosampler, slim-line oven and the 
anion suppressor. This new ion chromatography system combines a number of valuable features providing highly-reliable analytical results: Excellent solvent delivery performance, low 
carryover, fast injection speed (as low as 10 sec), high sample injection precision and repeatability, precise oven temperature regulation and more. The new ICDS-40A anion suppressor 
is located between the IC column and the detector. The unit features a low-volume design combined with a unique multi-layered structure. With a folded membrane, it provides highly 
efficient electrodialytic background suppression and increased stability. The patent-pending design reduces peak spreading, increasing sensitivity for components with low retention 
such as fluoride, and improves separation from the water dip.

The ICDS-40A allows for analysis as well as self-regeneration simultaneously, shortening analysis 
cycle time and maximizing workflow efficiency. Because the anion suppressor uses effluent 
from the detector as regenerant, it eliminates the need for cumbersome offline regeneration 
with environmentally unfriendly solutions such as sulfuric acid. In addition, the user-friendly ion 
chromatography system integrates seamlessly with Shimadzu’s LabSolutions platform. This allows 
users to easily manage parameter setting for IC analysis, batch analyses, auto-shutdown, data 
processing and report creation. Data integrity is assured with the addition of LabSolutions DB and 
LabSolutions CS.
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gasoline, naphtha and diesel. According to these results the 
calibration curve presents good linearity correlation between zero 
and 1 ppm total sulfur. 

Results for total sulfur testing in gases using dry colorimetric 
method present a linear detector response at ppm levels as well. 
Figure N.2 exemplifies a typical linear trend for concentrations up 
to 20 ppm performing multiple loop injections of hydrogen sulfide 
and carbonyl sulfide in nitrogen. Carbonyl sulfide was measured 
reducing it to hydrogen sulfide via reaction with hydrogen at high 
temperature. For both cases, the time of response is less than 5 
minutes for analysis. In addition, the results reach accuracy and 
repeatability values of ± 2% of full scale providing reliable results 
with very low bias. Analytical profiles may be adapted to reach 
concentrations as low as 10 ppb following a continuous sample 
injection style. 

Conclusion 
Dry colorimetric detection offers an analytical solution for sulfur 
determination in liquid and gas hydrocarbons. Apart from good 
accuracy and repeatability, the technique meets the sulfur monitoring 
necessities for quality control purposes at different point of the 
production line in hydrocarbons and other petroleum based products. 
Moreover, the technique may be extended to other fields where sulfur 
or hydrogen sulfide need to be monitored and the detection in gas 
phase are viable.   
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High Frequency  
Reciprocating Rig
•  Conforms to ASTM D6079
• Variable Frequency from 10 Hz to 200 Hz
• Programmed test sequence for automated testing
• User friendly software for operating test rig

Automated Air Release  
Value Analyzer
• Conforms to ASTM D3427, IP 313 and related specifications
• Integrated Touch Screen Control Panel
• Automatic lift system that moves test vessel from air  
 source to balance sinker
• Automatic calculation of final sample density for   
 determination of air release value

Automatic Cloud and  
Pour Point Analyzer
• Conforms to ASTM D5771 and D5950
• Automatic Determination of Cloud Point by Optical   
 Detection and Pour Point by the Automatic Tilt Method
• Covers Wide Temperature Range of -105°C to +50°C
• Automatic Calibration by means of 10 point, RTD,   
 Calibration, Sample Calibration and Jacket Calibration 

Compact gas diluter with a smart software
On-site customised gas standard preparation has never been 
easier than with Zephyr – a compact version of well-known 
GasMix™ gas mixers/diluters from AlyTech. This compact 
device is a smart companion in quality assurance for all gas 
analysers, GC or gas detectors helping you significantly 
reduce your stock of gas standard cylinders and related cost.

Compliant with the ISO6145-7 international standard method 
“Gas analysis -- Preparation of calibration gas mixtures using 
dynamic volumetric methods” the Zephyr is a very cost 
efficient solution for creating a multi-point calibration curve 
from a concentrated gas standard and a diluent. This diluter 
is compatible with aggressive gases and active compounds 
like sulphurs gases, ammonia and VOCs.

With its touch screen and intuitive interface the device is very 
simple in operation. The unique Smart Sequence building feature helps the operator to make multi-
point calibration curves easily: Just choose the number of points, starting and ending concentration 
values, and the software calculates the respective flow rates. The sequence is stored in the memory 
and recalled at any time.

When it is used for the calibration of an analyser, the accuracy of generated gas is very important.  
The uncertainty of the final gas concentration is calculated automatically taking into account the  
actual used flow and the certified uncertainty of the parent gas. With flow accuracy ±0.5% of the set 
point all over the scale the Zephyr adds very little dilution error while offering very wide dilution ratio 
up to 10000.

With its small foot print, imbedded smart software and optional internal battery (up to 8h autonomy) 
it can be installed where you need it, in the lab, in the field or in a mobile lab.
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