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FT-IR for biodiesel analysis

® Excellent technigue for quantitative analysis

® Calibration development process for BD is
challenging

- Varied and complex matrix

- Multiple feedstocks and feedstock blends
- Homogeneity of sample

- Stability over time

- Varied process parameters

- Cannot use synthetic standards
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Networked FT-IR for biodiesel analysis

® 1000 - 2000 spectra of “real world” samples included in each calibration

® Wide range of feedstocks, including soy, rape, poultry, tallow, choice white grease,
yellow grease, waste vegetable oil, sunflower oil, castor oil and blends thereof

® Primary data generated by a variety of labs, with two labs used as referee labs
® Over 1.5 million biodiesel samples analyzed using networked FT-IR since 2006
® Validation conducted on an ongoing basis

® Methods underwent full round robin utilizing AOAC and ASTM methodologies
- 8 primary labs
- 8 networked FT-IR systems
- 8 biodiesel samples with blind replicates
® FT-IR method equivalent to or better than primary methods for 5 of 6 properties tested
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FT-IR for biodiesel analysis: existing capabilitie s

® Total and free glycerin
® Moisture by Karl Fischer
AOCS Method CK 9-02 ® Cloud point

® Methanol content

® Acid number

¢ Ester content

® Mono-, di-, tri-glycerides
® |odine Value

® Density

® Viscosity

* CFPP

Biodiesel blends ® % biodiesel in diesel fuel (ASTM D7371)

Other B100 capabilities

® Moisture content by KF
® Free fatty acids

® Moisture

® Methanol

® Ash

® % glycerin

Oils & Fats

Crude glycerin
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FT-IR for biodiesel analysis: NEW Capabilities

Capabilities under development
- Oxidation Stability
- Cold Soak Filtration

- Biodiesel blend analysis

. Properties specified in D7467




Oxidation stability using FT-IR

® 38 samples received from NREL biodiesel survey
® 31 customer samples, as-is

® Work to-date includes 3 different oxidative stabilizers,
added to 4 different samples having various feedstocks, at
rates from 0.5x to 6x the recommended rate, as per the
additive manufacturers

- Two quinone-based; one amine-substituted resin based

® Additional samples from ASTM ILCP and other sources to
total 100 samples

® It is unknown whether the commercial samples contain
oxidation stabilizers
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Oxidation Stability by FT-IR
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Oxidation Stability by FT-IR: Stabilizer addition
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Oxidation stability validation

Validation using customer production samples and customer lab results
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FT-IR for Oxidation Stability: Next steps

® More validation

® Add rate range studies for more stabilizers
and more feedstocks

® Round robin




Cold Soak Filtration Test using FT-IR

®40 samples from 30 different sources

®*Feedstocks = soy, choice white grease, poultry, canola,
sunflower, tallow, yellow grease, castor oil, and blends
thereof

®*Two primary data labs: NREL and Magellan




Cold Soak Filtration Test using FT-IR

® QTA Correlation Coefficient = 87.5%
® QTA standard error of prediction = 119 seconds

® QTA predicted pass or fail vs primary data
consistently, except for 1 sample

. One canola biodiesel, whereas other
canola BD sample OK

. No re-analysis possible due to lack of
sample volume
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Cold Soak Filtration Test
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Cold Soak Filtration test using FT-IR

CSFT
Sample B Elle Customer Lab Validation results using
ASTM ILCP 524 565 .
09093-05 =50 55 customer production
09094-04 =120 =5 samples and customer lab
09095-09 <120 36 results
09096-10 <120 79
09097-05 <120 88
09098-11 <120 79
09099-09 <120 158 Next steps:
09100-10 Az 79 *More validation
OB rY <120 56 ®Round robin
09102-04 <120 76
09103-09 <120 82
FHR4 <120 72
FHR6 <120 75
FHR7 <120 68
| FHRS <120 82
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Biodiesel blend analysis using FT-IR

® 33 samples from NREL biodiesel
blend survey

® Additional 20 samples from Wayne
State University for subset of
properties

® Properties tested include those
Included in the D7467 specification




Biodiesel blend analysis using FT-IR

Range R2, % Standard error of

prediction
Percent Blend 0 —99.99% 99.9 0.27%
Acid Number 0 - 0.34 mg KOH/g 93.9 0.022 mg KOH/g
Cloud Point -25t0 21 Deg C 89 2 Deg. C
Derived Cetane Number 43.5 - 58 94.7 1.1
Oxidation Stability 3.4-12 hrs 89.2 1.2 hrs
Sulfur 3.5-16. ppm 83.6 1.2 ppm
Interfacial Tension 8-22.3 82.9 1.3
Water 50 — 325 ppm 96.4 15 ppm




Biodiesel blend analysis using FT-IR

Next steps:

® Additional 20 samples from Wayne State
University for subset of properties

® Properties tested include those included in the
D7467 specification




FT-IR methods for analysis of biodiesel

Conclusions:

®* FT-IR may become a useful screening tool for both oxidative
stability and cold soak

® Biodiesel blend analysis using FT-IR has good correlation for
commercial samples

® Further development and validation is planned.
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