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Biodiesel Quality Status Report for Distributor’s Storage Tank in California from 12/12/07

Unit ID
Date Sampled
07-194
12/12/2007
Batch Number
Sample Number
6899
2723
Test Name
Test Method
Limit
Result
Status

Free Glycerin (mass %)
ASTM D 6584
MAX 0.020
0.006
PASS

Monoglycerides (mass %)
ASTM D 6584
N/A
0.072
N/A

Diglycerides (mass %)
ASTM D 6584
N/A
0.007
N/A

Triglycerides (mass %)
ASTM D 6584
N/A
0.000
N/A

Total Glycerin (mass %)
ASTM D 6584
MAX 0.240
0.085
PASS

Flash Point, Closed Cup (°C)
ASTM D 93
MIN 130
168
PASS

B100 storage tank samples, top/middle/bottom, with corresponding pHLip Test Results at 10 min

Reference vial of high quality, on-spec B100 is on the right. Note clarity of fuel and mirror finish at the interface between the fuel layer and the red indicator solution.

B100 storage tank samples, top/middle/bottom, with corresponding pHLip Test Results at 24 hours

Laboratory analytical data are presented above for a composite of B100 samples collected from the top, middle and bottom of the Silva Oil Co. biodiesel fuel storage tank in San Luis Obispo on December 12, 2001. Portions of the 3 samples were combined to form a 0.75 liter composite in a ratio of 25% top, 50% middle and 25% bottom samples. The composite was then shipped overnight to BTS for analysis using the ASTM methods indicated above, including the Rancimat Oxidation Stability test and the Cold Soak Filtration Assay (CSFA).

The analytical data indicate the B100 in the distributor’s storage tank, as found for the B100 from the supplier’s  storage tank, represents very high quality biodiesel with very low levels of residual contaminants from the transesterification reaction. For example, the concentrations of monoglycerides are well below 0.1% while those of di and tri glycerides are near or at the level of detection, indicating complete reaction or that the esters were  polished to remove traces of residual co-products. As a result, the calculated value for Total Bound and Glycerin is at 0.085%, well under the maximum limit of 0.24% and well below levels typically seen in rail cars arriving to CA (0.09%-0.18%).

The Flash point is moderate at 168 Deg. C., but still well above the 130 Deg minimum and confirms most of the methanol had been removed from the fuel.

The Total Acid Number (0.29 mg KOH/g) is higher than seen in the supplier’s tank but it is still within acceptable range, indicating the B100 oxidation was generating carboxylic acids.

However, the Oxidation Stability Index (OSI) by the Rancimat method (2.89  hours) failed again meet ASTM D6751 specifications for biodiesel B100 as blending stock (limit of 3 hr minimum). Further, this fuel had much higher level of precipitation.

Moisture levels in the B100 storage tank appeared to be much higher than seen at the Fresno tank with a KF Moisture value reported at 736 ppm, over twice the normal range seen for rail car shipments received regularly into CA (200-350 ppm). Moisture can contribute to more rapid deterioration of the fuel by oxidation.

The low OSI suggests the fuel was exposed to conditions (heat, oxygen, moisture, metal ions) that would have gradually oxidized double bonds on the fatty acid ester chains into epoxides and hydroperoxides. These intermediate compounds are inherently unstable and would account for the increased sensitivity of the fuel to oxidation. Over time, these compounds would degrade to carboxylic acids and/or polymerize into cross-linked ester complexes that eventually precipitate in the presence of moisture and cooler temperatures. At this point, the B100 has not yet turned acidic.

The Cold Soak Filtration Assay (CSFA) indicated this fuel had a higher total particle count (110 mg/L) and a much higher filtration time (470 seconds) than the B100 from the Fresno tank. There can be several reasons for the higher particulate and poor filterability of the fuel, including the presence of oxidized esters (caused by deterioration of the product) as well as sterol glucosides and saturated monoglycerides  caused by contaminants inherent to this or earlier batches of fuel in the tank.

When the 3 samples were received at the CytoCulture laboratory, they were immediately analyzed using the pHLip Test to determine if the samples were of good fuel quality based on specific visual parameters of the assay. The initial results obtained at the routine 10 minute time period (after inverting the mixture 10x at room temperature) suggested the fuel quality was questionable and possibly not able to meet specifications with respect to residual levels of glycerides, glycerin and free fatty acids as seen by the obvious turbidity in the fuel layer in each of the three test vials. Bubbles were noted at the interface of the fuel and water indicator solution that did not disperse for hours; some sticky material appeared to adhere to the sides of the plastic vials in the fuel layers but later dissipated. 

The fuel samples themselves remained ‘clear and bright’.

After those test vials were allowed to stand for 24 hours at cool temperatures (ca. 18 deg C), the three pHLip Test vials looked similar except that some of the turbidity had settled out onto the fuel/water indicator solution as a fine precipitate. The fuel itself (in adjacent corresponding vials) remained clear and bright with no evidence of the precipitation seen in the pHLip Test vials.  This is another example of where the pHLip Test ‘firewall’ functioned.

In conclusion, the B100 samples collected from the distributor’s storage tank were in worse condition than the fuel tested from the supplier’s tank in terms of measured particulate (not readily seen in the fuel itself) and in terms of poor filterability by the Cold Soak Test.

KF Water (ppm)
ASTM D 6304
N/A
736
N/A

TAN (mg KOH/g)
ASTM D 664
MAX 0.50
0.29
PASS

Oxidation Stability by Rancimat (hours)
EN 14112
MIN 3.00
2.89
FAIL

CSFA Total Particulate Count (mg/L)
ASTM D 6217b
N/A
110
N/A

CSFA Total Filtration Time (sec)
ASTM D 6217b
N/A
470
N/A

