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Measurement of diene value
(DV) by NIRS

This Application Note describes the use of the NIRS XDS RapidLiquid
Analyzer for the determination of low diene values (DVs) in pyrolysis
gasoline. The DV is taken as a measure for the content of conjugated
dienes. The determination of the DV is crucial, because conjugated
dienes affect the destillation and the quality of petroleum products.
In contrast to the wet-chemical determination – which takes several
hours and requires trained chemists – the presented NIR method is
extremely fast and robust.

Method description
Introduction
Metrohm NIRSystems lab and on-line analyzers have
been performing near-infrared (NIR) analysis of a variety
of petrochemicals including gasoline, diesel, and crude
oil since the late 1980s. One NIR method, below the
percentage range, that has been successfully developed
using NIRS XDS Analyzers is that of diene value (DV), or
also called maleic anhydride value (MAV), in pyrolysis
gasoline (pygas). Pygas is a by-product of ethylene
production, which has some unwanted conjugated
diolefins present that make them unsuitable as a motor
fuel. pygas is treated in a selective hydrogenation unit
(SHU) to reduce these conjugated diolefins to below
2 mg/g (0.2 %) that it can be used in gasoline
production. The conjugated diolefins were measured
using the Diels-Alder wet chemical method for DV,
which is indicative of the amount of conjugated
diolefins present. This wet chemical method requires
several hours to perform and highly trained analysts. The
NIR method as described below is very fast – a few
minutes – and can be performed by relatively unskilled
operators.

Experimental
The samples were analyzed on a NIRS XDS RapidLiquid
Analyzer equipped with 8 mm disposable glass vials
(Table 1).

In total 97 samples were provided for making a
calibration with NIR spectra and DVs. Another set of 27
samples was used at a later date as prediction set, using
the calibration from the first set of samples.

Figure 1: Sample collection of 124 samples from the
post-SHU for calibration and validation
Figure 1 shows how the samples were collected. In
order to get a range of DVs, calibration samples were
collected over a few weeks from the post-SHU (Selective
Hydrogenation Unit). The samples were placed in 8 mm
path length disposable glass vials, seen in Figure 2, and
scanned in transmission from 400 to 2500 nm in an
NIRS XDS RapidLiquid Analyzer (RLA).
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Figure 2: Samples filled in 8 mm path length disposable
vails

Table 1: Used equipment
NIRS XDS RapidLiquid Analyzer

29211410

NIRS disposable glass vials, 8 mm

67402000

NIRS spacer for 8 mm disposable glass vials

67403000

The temperature control was set to 40 °C. The total
analysis time is about 90 s including equilibration time.
Samples from post-SHU usually range from 0.5 –
2.0 mg/g. The range was extended by addition of preSHU liquid to post-SHU pygas.

Method description
Results
Figure 3 shows the spectral raw data of four samples

Figure 5: Calibration results for DV in pygas; PLS with 97
samples
Figure 3: Raw data of four samples over the whole
wavelength range from 400 to 2400 nm
400 to 800 nm is the visible range with no specific
bands. The DVs range from 3.63 to 11.82 g I2/100 g of
the sample. Visually and without math treatment, no
correlation between DV and absorption intensity can be
seen. Figure 4 shows the 2nd derivative in the region of
the 1st overtone around 1600 nm.

The results compare very well to the lab analysis values,
with accuracy (standard error of calibration, SEC) of
0.24 mg/g. Further 27 samples were subsequently
collected over a period of several weeks. The calibration
model was used to predict their DVs, which is compared
to the lab analysis values. The result is shown in Figure
6.

Figure 6: Validation results for DV in pygas; 27 samples
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Figure 4: 2nd derivative of the first overtone of –C=C-H
The math treatment carves out the changes in
absorption intensity caused by varying DVs. The
quantitative method development uses the regions,
where the correlation between the constituent value
and absorption intensity is clear.
The PLS calibration results for DV, using 97 samples
collected over time to represent a range of DV results,
variation in the process, and variation in the feedstock
used for ethylene production can be seen in Figure 5.

The prediction error (standard error of prediction, SEP)
of 0.25 mg/g compares well with the calibration error.
The validation samples were collected during several
changes in the feedstock to the ethylene process,
indicating that the calibration works well for the
different conditions expected from the process (over
time).

Method description
Conclusions
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The NIR analysis of DV in pygas has been considered
complicated due to the presence of other nonconjugated dienes as well as alkenes that have similar
molecular functional groups. In addition, the bulk of the
samples are a complicated mixture of aromatics and
alkanes, which vary with process conditions in the
ethylene production, as well as the different feedstock
used to produce ethylene (which can be alkanes,
naphtha, or gas oil). Also, the DV is not caused by one
specific conjugated diolefin, but over a dozen different
compounds including cyclopentadiene and straightchain diolefins with different chain lengths and side
chains. The NIR analysis in such a complicated system is
successful through a combination of stable NIR
measurements with the NIRS XDS Analyzer, and the
partial least squares (PLS) modelling capabilities in the
Vision software. The NIR analysis has a much faster
response time and lower maintenance requirements
than the primary methods. The faster response time and
reliable continuous data results in huge cost savings to
the organization. The combined capability of hardware
and software makes it possible to monitor DV of pygas
easily, conveniently, and accurately in a matter of a few
minutes.

