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Abstract
In this study true boiling point curve, sulfur content,
nitrogen content, density and API gravity of
hydrocarbon mixtures were predicted by using NIR
Spectroscopy. Two different pretreatment methods,
multiplicative scatter correction (MSC) and Savitzky –
Golay 1st derivative (SG1), were applied on the spectral
data individually. On MSC pretreated spectra seven
windows, on SG1 pretreated spectra 7 and 11 windows
were created separating the peaks. Three sets of
models were developed using partial least squares
regression with multiple window combinations. The
true boing point curve models using MSC pretreated
data gave RMSECV values below 5.05 and SG1
pretreated spectra gave values below 5.35. Employing
11 windows instead of 7 did not affect the results
however, wavelength selection improved RMSECV by
7% in average.

Multiple window combination

Sulfur content model
• The reported S-H first overtone information is
located around 1740 nm for agricultural products
[6]. This region was included in 7-window models
with high loadings indicating its importance.
• The error front graph in figure 2 shows the optimum
number of LVs is around five. Adding more LVs
increases the error due to overfitting.
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Figure 2. RMSECV of sulfur model for all possible combinations up
to 10 LVs.

Introduction
Diesel production feed characterization due to
environmental and operational needs:
7 windows → 127 7 windows → 127 11 windows→
combinations 2047 combinations
combinations

Best of 127 PLSR
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models
models

Density and API models
• Use windows of CH3, CH2 C-H and C-C information,
both properties depend on the length of
hydrocarbon.
All the RMSECV values before and after the MWC is
given in figure 3 for all three models to show the
improvement.
PLSR Model RMSECV ( MSC Pretreatment)
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Varying feed properties
Sulfur restrictions
Production conditions (Temperature, flow rate etc.)
Time consuming traditional methods, need of real
time data

Objective
To identify the impact of different pretreatments and
different number of windows on multiple window
combination method.

TBP Curve Models
• Use windows where CH, CH2, CH3 first overtone and
C-C combination information is located.
• Effect of hydrocarbon length observed on loadings
of C-C combination region.
• MSC pretreated data has a better performance for
12 out of 13 points. SG models have lower LVs,
higher error.
• Temperature increases through the upper bound of
the curve, the range becomes narrower, shown in
figure 1. This causes decreasing r2cv value regardless
of the pretreatment method used.
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Figure 3. Comparison of RMSECV of all the models.

Conclusions
• MSC pretreated data was found to perform better
for this data set.
• The MWC application brought an average of 7%
lower RMSECV for all the models.
• Dividing the same spectra into more windows did
not bring any improvement but it increased the
computational effort.
• The future work can focus on optimizing the number
of windows or compare MWC with different
techniques.

Methods and Materials
• NIR spectra was obtained with a Bruker Matrix F
FTNIR instrument, spectral range 800 nm to 2500
nm, absorbance flow cell with 2 mm optical path
length.
• The reference methods are ASTM D2887 [1] for TBP
assay, ASTM D4052 [2] for density measurement,
ASTM D4629 [3] for nitrogen content, and ISO 8754
[4] for sulfur content.
• Multiple window combination method [5] was used
for spectra optimization.
• Partial least squares regression (PLSR) models were
built.
• 17 properties of interest: 13 points of TBP curve,
sulfur content, nitrogen content and density.

End Goal
Figure 1. Predicted vs Reference values of selected TBP curve points.

Decreasing energy consumption of the refinery by using
soft sensor measurements in a feed forward control
strategy.
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