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Determination of Physical Performance in Biodiesel Fuel using
Near Infrared Spectrophotometry

Jai-Gueon Kim and Koo-Chun Chung
Department of Chemistry, Konkuk University, Seoul 143-701, Korea

Recently, Biodiesel fuel is very interested as alternative energy. This report investigates the analysis method
of biodiesel fuel through the simple procedure that the results of physical properties and spectra obtained from
NIR (Near Infrared Spectroscopy) for quantitative analysis of ester are converted from PLSR (Partial least
squares regression). We drew up the calibration curve using the results of Quality confirmation test by ASTM
method. And then, we verified the precision of this analysis method through the review of the property of
straight line, the quantitative limit, accuracy, etc. This result shows excellent result that the correlation ratio
(R?) between estimated value and actual value by NIR is above 0.94. As a result, we presented the analysis
possibility for acquiring quickly and simultaneously the physical properties of biodiesel fuel by NIR.
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Fig. 1. Typical raw spectrum of biodiesel oil

Table 1. Physical properties measured by the corresponding ASTM methods

Property Primary method Range of Data Fraction of Oil
o 10% 137.0~228.3
Dlszfgtlon ASTM D-86 50% 180.6~288.1
90% 221.7~3%5.1 Diesel, Biobiesel, and
Flash Point(°C) ASTM D-93 40~175 mixing oil
Specific Gravity ASTM D-1298 0.8321~0.8902 1, 5, 10, 20, 50,
Kinematic Viscosity(cSt) ASTM D-445 2.12~4.67 70, 100 vol%)
Pour Point (°C) ASTM D-97 -33.0~-2.0
Cetane Index ASTM D-4737 44.64~58.71
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Fig. 2. Typical second derivative spectrum of biodiesel
oil
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Fig. 3. 10% Distillation temperature calculated by the-
calibration modelequation vs. the experimental
values measured by the corresponding ASTM
method

Distill 50% : Calculated vs Lab Data
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Fig. 4. 50% Distillation temperature calculated by the-
calibration modelequation vs. the experimental
values measured by the corresponding ASTM

method
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Fig. 5. 90% Distillation temperature calculated by the-
calibration modelequation vs. the experimental
values measured by the corresponding ASTM

method
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Fig. 6. Flash Point calculated by the calibration model
equation vs. the experimental values measured
by the corresponding ASTM method
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Fig. 7. Specific Gravity calculated by the calibration
model equation vs. the experimental values
measured by the corresponding ASTM method
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Fig. 8. Kinematic Viscosity calculated by the calibration
model equation vs. the experimental values
measured by the corresponding ASTM method
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Fig. 9. Cetane Index calculated by the calibration model
equation vs. the experimental values measured
by the corresponding ASTM method
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Table 2. PLSR Analysis Results

Property Wavelength (nm) R? SEC SEP Treatment
10% 1300~2250 0.946 1.64 2.22
Distill 50% 1100~2230 0.985 1.53 2.53
90% }ggg:;ggg 0.983 1.02 312
Flash Point 1630~2230 0.977 0.70 1.63 ond
Kinematic Viscosity 1100~2230 0.999 0.007 0.008 Derivative
Specific Gravity 1100~2230 0.999 0.0002 0.0003
Cetane Index 1100~2230 0.970 0.46 0.78
Biodiesel Ester ;S?g:;igﬁ 0.999 0.098 0.120
%) R? (Correlation Coefficient) : 345
SEC (Standard Error of Calibration) : 7 #¥£H A}
SEP (Standard Error of Prediction) : 7<% &% 114 8) 9 4}
Table 3. Comparison of the Standard Errors of Prediction(SEP) with the precision of ASTM methods
. ASTM Method
Physical Property — — SEP
Repeatability Reproducibility
10% 2.22
Distillation(°C) 1.5~3.0 25~7.0 50% 253
90% 3.12
Flash Point (°C) PM 2.0~5.5 3.5~85 1.63
Specific Gravity 0.0006 0.0015 0.0003
Kinematic Viscosity(cSt) 0.0011~0.0024 0.0095~0.0206 0.008
Cetane Index X X 0.78
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