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Abstract: ASTM (American Society for Testing and Materials) D6751-10 suggests analytical methods as well
as specifications for biodiesel quality. However, it is expensive and time-consuming to follow the ASTM testing
methods to analyze biodiesel and various impurities. This paper develops a quantitative analysis system for
biodiesel and impurities based on Infrared spectroscopy and a multivariate statistical method, PLS (partial least
squares). In addition, four different pre-processing techniques were compared for spectrum correction and noise

reduction. Savitzky-Golay pre-processing showed the best performance.
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Fig. 1. A schematic of biodiesel production process.
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Table 1. Specification and measurement methods for pure biodiesel given by ASTM D6751!

Property Limit Test method
Calcium & magnesium, combined, ppm, max 5 EN 14538
Flash point (closed cup), °C, min 93 D 93
Alcohol control (one of the following must be met)
1. Methanol content, vol %, max 0.2 EN 14110
2. Flash point, °C, min 130 D 93
Water & sediment, vol %, max 0.05 D 2709
Kinematic viscosity, 40 °C, mm?¥sec 1.9 - 6.0 D 445
Sulfated ash, % mass (ppm), max 0.02 D 874
Sulfur
S 15 grade, % mass (ppm), max 0.0015 D 5453
S 500 grade, % mass (ppm), max 0.05 D 5453
Copper strip corrosion, max No. 3 D 130
Cetane, min 47 D 613
Colud point, °C report D 2500
Carbon residue 100% sample, % mass, max 0.05 D 4530
Acid number, mg KOH/g, max 0.50 D 664
Free glycerin, % mass, max 0.020 D 6584
Total glycerin, % mass, max 0.240 D 6584
Phosphorus content, % mass, max 0.001 D 4951
Distillation, T90 AET, °C, max 360 D 1160
Sodium/potassium, combined, ppm, max 5 EN 14538
Oxidation stability, hours, min 3 EN 14112
Cold soak filtration, seconds, max 360 Annex to D 6751
For use in temperatures below -12 °C, seconds, max 200 Annex to D 6751
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Table 2. TR absorption of some functional groups®

Functional group Type of vibration

Characteristic absorptions

Intensity

(em™)

Alcohol

O-H Stretch, H-bonded 3,200 ~ 3,600 Strong, broad

O-H Stretch, free 3,500 ~ 3,700 Strong, sharp

C-O Stretch 1,050 ~ 1,150 Strong
Alkane

C-H Stretch 2,850 ~ 3,000 Strong

-C-H Bending 1,350 ~ 1,480 Variable
Carbonyl

C=0 Stretch 1,670 ~ 1,820 Strong
Ether

Cc-0 Stretch 2,210 ~ 2,260 Medium
Acid

Cc=0 Stretch 1,700 ~ 1,725 Strong

C-0 Stretch 1,210 ~ 1,320 Strong
Ester

C=0 Stretch 1,735 ~ 1,750 Strong

Cc-0 Stretch 1,000 ~ 1,300 Two bands or more
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Table 3. The number of PLS factors for each pre-treatment

methods
The number of PLS factors
Component i
P Raw MSC SNV osc Savitzky
Golay

All component 23 21 21 23 13
FAME 14 12 12 14 6
Methanol 13 12 12 13 5
Free glycerin 14 12 13 14 5
Mono glyceride 13 12 13 14 5
Di glyceride 12 11 12 11 6
Tri glyceride 14 12 13 14 5
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Table 4. Calibration results of pre-treatment methods

R? value
Component
Raw MSC SNV 0SC Savitzky-Golay
All component 0.991 0.992 0.991 0.992 0.990
FAME 0.993 0.993 0.993 0.990 0.996
Methanol 0.992 0.996 0.993 0.993 0.991
Free glycerin 0.991 0.992 0.993 0.99 0.991
Mono glyceride 0.992 0.992 0.995 0.992 0.992
Di glyceride 0.993 0.992 0.996 0.991 0.995
Tri glyceride 0.991 0.995 0.994 0.990 0.994
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