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Engine Lube Tests with BEngine Lube Tests with B--2020

Objective: To determine if there are any Objective: To determine if there are any 
effects on lubricant performance from the effects on lubricant performance from the 
use of Buse of B--20 fuel20 fuel
Plan:  Run standard engine tests with BPlan:  Run standard engine tests with B--20 20 
using reference oils to compare lube using reference oils to compare lube 
performance with # 2 dieselperformance with # 2 diesel
–– Does NOT cover high fuel dilution conditionsDoes NOT cover high fuel dilution conditions
Fuel: BFuel: B--20 blended from PC20 blended from PC--10 fuel and B10 fuel and B--
100 meeting D 6751100 meeting D 6751
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Engine Tests for BEngine Tests for B--20 Evaluation20 Evaluation
ISB, C13, TISB, C13, T--12 cover critical lube performance measures12 cover critical lube performance measures
None of the standard tests cover high fuel dilution conditionsNone of the standard tests cover high fuel dilution conditions

Cummins Cummins GM Cat Cat Mack Mack Gasoline Navistar
Performance ISM ISB 6.5L C13 1N T-12 T-11(A) IIIG / IIIF 7.3L
Valve Train Wear X X X
Liner Wear X
Ring Wear X X
Bearing Corrosion X
Oxidation X X
Oil Consumption X X X
Iron Piston Deposits X
Aluminum Piston 
Deposits X
Soot Viscosity Increase X
Sludge X
Filter Plugging X
Aeration X
Low Temp Pump @ 
5.2% Soot X
Performance areas covered in B-20 testing

API CJ-4 Engine Test and Performance Criteria

“API CJ-4: Diesel Oil Category for Both Legacy Engines and Low Emission Engines Using Diesel Particulate Filters” James 

A McGeehan, et.al. SAE 2006-01-3439 SAE 2006 Transactions Journal of Fuels and Lubricants. 
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Engine Tests for B20 EffectsEngine Tests for B20 Effects
Cummins ISBCummins ISB

EngineEngine
–– Cummins Cummins ‘‘04 ISB 5.9L, EGR 04 ISB 5.9L, EGR 

with VG Turbo, 300 with VG Turbo, 300 bhpbhp @ @ 
2600 rpm2600 rpm

Test CycleTest Cycle
–– 100 hr retarded timing100 hr retarded timing
–– 3.0 3.0 –– 3.5% soot window3.5% soot window
–– 250 hr cycle from low idle to 250 hr cycle from low idle to 

rated to peak torquerated to peak torque
Wear ParametersWear Parameters
–– Rotating Tappet Wt Loss, mgRotating Tappet Wt Loss, mg
–– Cam Nose Wear, umCam Nose Wear, um

“API CJ-4: The Most Robust Diesel Engine Oil Category for All Engines” J. A. McGeehan, Lubrication Magazine, 
http://www.lubricantsuniversity.com/images/stories/LubricationMagazine_March2008_LoRes.pdf
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Engine Tests for B20 EffectsEngine Tests for B20 Effects
Cat C13Cat C13

EngineEngine
–– Cat CCat C--13, 12.5L ACERT, Twin 13, 12.5L ACERT, Twin 

Turbo Turbo ’’04, 430 04, 430 bhpbhp @ 1800 @ 1800 
rpmrpm

Test CycleTest Cycle
–– Constant 1800 rpm@ 430 Constant 1800 rpm@ 430 bhpbhp

for 500 hrfor 500 hr
–– Fuel rate: 159 lb/hrFuel rate: 159 lb/hr
–– Oil temp: 98 Oil temp: 98 ooCC
–– Low Soot: ~ 2%Low Soot: ~ 2%

Control ParametersControl Parameters
–– Oil Consumption IncreaseOil Consumption Increase
–– Top Land CarbonTop Land Carbon
–– Top Grove CarbonTop Grove Carbon
–– 22ndnd Ring Top Face CarbonRing Top Face Carbon

“API CJ-4: The Most Robust Diesel Engine Oil Category for All Engines” J. A. McGeehan, Lubrication Magazine, 
http://www.lubricantsuniversity.com/images/stories/LubricationMagazine_March2008_LoRes.pdf
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Engine Tests for B20 EffectsEngine Tests for B20 Effects
Mack TMack T--1212

EngineEngine
–– EE--Tech V, 12L, Cooled EGR, VG Tech V, 12L, Cooled EGR, VG 

TurboTurbo
Test CycleTest Cycle

–– 100 hr retarded timing100 hr retarded timing
–– 35% cooled EGR@ 1800 rpm35% cooled EGR@ 1800 rpm
–– Soot target 4.3%Soot target 4.3%
–– 200 hr @ peak torque, 1200rpm200 hr @ peak torque, 1200rpm
–– 15% EGR15% EGR
–– Oil temp: 116 Oil temp: 116 ooC gallery 127 C gallery 127 ooC C 

sumpsump
–– EOT Soot 6%EOT Soot 6%

Control ParametersControl Parameters
–– Ring wt loss, mgRing wt loss, mg
–– Liner step wear, umLiner step wear, um
–– EOT Lead and Delta LeadEOT Lead and Delta Lead

“API CJ-4: The Most Robust Diesel Engine Oil Category for All Engines” J. A. McGeehan, Lubrication Magazine, 
http://www.lubricantsuniversity.com/images/stories/LubricationMagazine_March2008_LoRes.pdf
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Engine Tests for B20 EffectsEngine Tests for B20 Effects
Mack TMack T--1212

Mack TMack T--12 Parts (Cont12 Parts (Cont’’d)d)
Control ParametersControl Parameters

–– Ring wt loss, mgRing wt loss, mg
–– Liner step wear, umLiner step wear, um
–– EOT Lead and Delta LeadEOT Lead and Delta Lead

Bearing CorrosionBearing Corrosion
–– Bearings not ratedBearings not rated
–– Oxidative corrosionOxidative corrosion
–– Measured by used oil leadMeasured by used oil lead
–– Sensitive to acids, oil temperature Sensitive to acids, oil temperature 

and oxidationand oxidation

“API CJ-4: The Most Robust Diesel Engine Oil Category for All Engines” J. A. McGeehan, Lubrication Magazine, 
http://www.lubricantsuniversity.com/images/stories/LubricationMagazine_March2008_LoRes.pdf
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BB--20 Blend Meets EMA Fuel Spec.20 Blend Meets EMA Fuel Spec.
B-20

Blend 
69
0

333
2.56

0

9
1A
47
-14

0.09
190
0.17

0.0001

0
0

19

10.3
Specfic Gravity 0.842 0.857
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ISB Operational DataISB Operational Data

Stage 1: Control to hit soot windowStage 1: Control to hit soot window
–– ““More retard in timing than PCMore retard in timing than PC--10 fuel10 fuel””

Statistically insignificant anecdotal commentStatistically insignificant anecdotal comment

Stage 2: Control to throttle position to Stage 2: Control to throttle position to 
match cyclematch cycle
–– Load is within observed bandLoad is within observed band
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ISB Test CycleISB Test Cycle
Intertek ISB Cycle

500

1000

1500

2000

2500

3000

3500

1 57 113 169 225 281 337 393 449 505 561

Time (10 Hz)

S
pe

ed
 (r

pm
)

0

100

200

300

400

500

600

700

800

900

1000

To
rq

ue
 (N

m
)

Reference Speed BIO Speed
Reference Torque BIO Torque

Attachment 4; Page 10 of 43



June 2008June 2008 National Biodiesel Board

ISB Operational DataISB Operational Data
Fuel Flow Load

ISB: Intertek Operational Data
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Test Results PresentationTest Results Presentation
For each test there are two plotsFor each test there are two plots
Actual test results of control parametersActual test results of control parameters
–– Blue bars show TMC Acceptance LevelsBlue bars show TMC Acceptance Levels
–– Yellow triangles show Intertek reference runsYellow triangles show Intertek reference runs
–– Red diamond is the B20 runRed diamond is the B20 run

Normalized data shown as a range expressed Normalized data shown as a range expressed 
as # of Standard Deviations from the meanas # of Standard Deviations from the mean
–– Blue bars show TMC Acceptance LevelsBlue bars show TMC Acceptance Levels
–– Yellow triangles show Intertek reference runsYellow triangles show Intertek reference runs
–– Red diamond is the B20 runRed diamond is the B20 run
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ISB Engine Data with B 20ISB Engine Data with B 20
ISB Wear Data

0

20

40

60

80

100

120

140

Avg Camshaft Wear, um Avg Tappet Wt Loss, mg    

Acceptance below mean Acceptance above mean
Intertek B 20

ISB Wear Data Distance from Mean

-3.00

-2.00

-1.00

0.00

1.00

2.00

3.00

Avg Camshaft Wear, um Avg Tappet Wt Loss, mg  

# 
St

 D
ev

 fr
om

 M
ea

n

Acceptance below mean Acceptance above mean
Intertek B 20

Attachment 4; Page 13 of 43



June 2008June 2008 National Biodiesel Board

ISB Used Oil AnalysisISB Used Oil Analysis
BB--20 test vs. recent 831 reference data20 test vs. recent 831 reference data
–– TBN Loss within rangeTBN Loss within range
–– TAN Increase just above rangeTAN Increase just above range
–– PB Corrosion is not an issue in this testPB Corrosion is not an issue in this test
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ISB Used Oil AnalysisISB Used Oil Analysis
BB--20 test vs. recent 831 reference20 test vs. recent 831 reference
–– Viscosity @ 100 C higher @ EOTViscosity @ 100 C higher @ EOT
–– No samples showed measurable fuel dilution by GCNo samples showed measurable fuel dilution by GC

ISB Used Oil Viscosity
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ISB Used Oil AnalysisISB Used Oil Analysis
BB--20 test 20 test vsvs recent 831 referencerecent 831 reference
–– Timing adjusted to hit soot windowTiming adjusted to hit soot window
–– Fe wear is comparableFe wear is comparable
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CC--13 Operational Data13 Operational Data
Fuel flow set @ 1200 gm / minFuel flow set @ 1200 gm / min

Load falls within the band for Load falls within the band for 
all testsall tests

C-13 Operational Data

1000

1200

1400

1600

1800

2000

Fuel Flow,
gm/min

Load, Nm

+ /- 2 SD B-20

Attachment 4; Page 17 of 43



June 2008June 2008 National Biodiesel Board

C13 Engine Data with BC13 Engine Data with B--2020
Cat C13 Engine Data 
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C13 Statistical Data with BC13 Statistical Data with B--2020
Cat C13 Std Dev from Mean (Yi) 
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CC--13 Rate & Report Factors13 Rate & Report Factors

2 2 ““Cold StuckCold Stuck”” rings were observedrings were observed

Lab reported a Lab reported a ““cold stuckcold stuck”” ring on 2 other ring on 2 other 
occasions with TMC 831occasions with TMC 831
–– Tendency is there with high 2RTCTendency is there with high 2RTC
–– But the highest carbon ring was not the one stuck. But the highest carbon ring was not the one stuck. 

This is an item to watch but it is not associated This is an item to watch but it is not associated 
with high oil consumption in this with high oil consumption in this test.test.
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Cat CCat C--13 Used Oil Analysis13 Used Oil Analysis
BB--20 test vs. 831 reference data20 test vs. 831 reference data
500 Hr TAN is near top of range of reference data500 Hr TAN is near top of range of reference data
500 Hr TBN loss is at mean of reference data500 Hr TBN loss is at mean of reference data

C-13 TBN / TAN Data
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Cat CCat C--13 Used Oil Analysis13 Used Oil Analysis
Oxidation (DIR) appears higher; IR shows some ester Oxidation (DIR) appears higher; IR shows some ester 
–– No samples showed fuel dilution by GCNo samples showed fuel dilution by GC

Viscosity increase is within rangeViscosity increase is within range
C-13 Used Oil Oxidation
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Cat CCat C--13 Used Oil Analysis13 Used Oil Analysis
BB--20 test 20 test vsvs recent 831 referencerecent 831 reference
–– No issues with Fe, Pb or other wear metalsNo issues with Fe, Pb or other wear metals
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Cat CCat C--13 Parts Cleanliness13 Parts Cleanliness
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T12 Operational DataT12 Operational Data

Stage 1: Ran to meet Soot WindowStage 1: Ran to meet Soot Window
–– ““More retard in timing than PCMore retard in timing than PC--10 fuel10 fuel””

Statistically insignificant anecdotal commentStatistically insignificant anecdotal comment

Stage 2: Load criticalStage 2: Load critical
–– Adjust fuel flow to meet Adjust fuel flow to meet ““typical loadtypical load””
–– Set point raised from 63.5 to 65.0 Kg / Hr.Set point raised from 63.5 to 65.0 Kg / Hr.
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T12 Operational DataT12 Operational Data
T-12 Operational Data
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T12 Engine Data with BT12 Engine Data with B--2020
Mack T12 Engine Data
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T12 Statistical Data with BT12 Statistical Data with B--2020
Mack T12 Std Dev from Mean (Yi) 
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Mack TMack T--12 Used Oil Analysis12 Used Oil Analysis
BB--20 test 20 test vsvs 821 reference data821 reference data
–– TAN higher at EOT TAN higher at EOT 
–– TBN loss similar to mean reference dataTBN loss similar to mean reference data
–– Pb increase significant for last 100 hrsPb increase significant for last 100 hrs
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Mack TMack T--12 Used Oil Data12 Used Oil Data
Oxidation is significantly higher, but Viscosity is not affectedOxidation is significantly higher, but Viscosity is not affected
No samples showed fuel dilution by GC but IR showed some esterNo samples showed fuel dilution by GC but IR showed some ester
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15.0

16.0

17.0

18.0

19.0

20.0

21.0

22.0

23.0

24.0

25.0

V100@EOT

Acceptance
Intertek
B 20

T-12 Used Oil Oxidation

0.0

100.0

200.0

300.0

400.0

500.0

600.0

700.0

800.0

IR Oxid

Acceptance
B 20
Intertek

Attachment 4; Page 30 of 43



June 2008June 2008 National Biodiesel Board

Mack TMack T--12 Used Oil Analysis12 Used Oil Analysis
BB--20 test 20 test vsvs recent 821 referencerecent 821 reference
–– No issues with Soot or Oil ConsNo issues with Soot or Oil Cons
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Mack TMack T--12 Used Oil Analysis12 Used Oil Analysis
BB--20 test 20 test vsvs recent 821 referencerecent 821 reference
–– Fe and Cu: no issuesFe and Cu: no issues
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Mack TMack T--12 Used Oil Analysis12 Used Oil Analysis
Low temperature viscosity @ 100 hrLow temperature viscosity @ 100 hr
–– Previous stand reference MRV @ Previous stand reference MRV @ --20 C  11,500 20 C  11,500 cPcP
–– BB--20 used oil MRV @ 20 used oil MRV @ --20 C  11,100 20 C  11,100 cPcP

No evidence that a unique soot was formed No evidence that a unique soot was formed 
from the Bfrom the B--20 fuel 20 fuel 
–– Low temp viscometricsLow temp viscometrics
–– Wear data from T12, ISBWear data from T12, ISB
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Used Oil Low Temp ViscosityUsed Oil Low Temp Viscosity

Data from Data from RhomaxRhomax
Very good Very good visvis properties for properties for sootedsooted oilsoils

Oil ID Oil ID YS
MRV TP-1    
@ -15°C YS

MRV TP-1    
@ -20°C YS

MRV TP-1 
@ -25°C

65293 Cummins ISB 350 0 11,470 0 20,239 0 45,360

66302 Caterpillar C13 500 0 7910 0 15,270 0 30,720

62996 Can -1  Mack T12  300 0 9490 0 20,407 0 38,700
 

62996 Can - 2          T12  300 0 9500 0 18,750 0 38,200
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Mack TMack T--12 Piston Deposits12 Piston Deposits
UnUn--weighted Piston Demeritsweighted Piston Demerits
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Mack TMack T--12 Piston Deposits12 Piston Deposits

Top Land Carbon          Top Grove Carbon Top Land Carbon          Top Grove Carbon 

Top Land Carbon

0

5

10

15

20

25

30

35

40

PC10 
Average of 30

pistons

B 20 
Average of 6

pistons

%
 C

ov
er

ag
e

Top Grove Carbon

0

10

20

30

40

50

60

PC10 
Average of 30

pistons

B 20 
Average of 6

pistons

%
 C

ov
er

ag
e

Attachment 4; Page 36 of 43



June 2008June 2008 National Biodiesel Board

Mack TMack T--12 Parts Cleanliness12 Parts Cleanliness
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Mack TMack T--12 Parts Cleanliness12 Parts Cleanliness
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Used Oil Data SummaryUsed Oil Data Summary
ISBISB
–– TBN Loss: Upper Range (More TBN) TBN Loss: Upper Range (More TBN) ^̂
–– TAN Increase: Higher than Range TAN Increase: Higher than Range ^^^^
–– Viscosity: Significantly Higher Viscosity: Significantly Higher ^^^^^^
–– Oxidation:  No comparisonOxidation:  No comparison

CC--1313
–– TBN Loss: Near Mean TBN Loss: Near Mean --
–– TAN Increase:  Upper part of Range TAN Increase:  Upper part of Range ^̂
–– Viscosity: Upper part of Range Viscosity: Upper part of Range ^̂
–– Oxidation: Significantly Higher Oxidation: Significantly Higher ^^^^^^

TT--1212
–– TBN Loss: Near Mean TBN Loss: Near Mean --
–– TAN Increase: Significantly Higher TAN Increase: Significantly Higher ^^^^^^
–– Viscosity: Lower part of range Viscosity: Lower part of range 
–– Oxidation: Significantly Higher Oxidation: Significantly Higher ^^^^^^
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TT--12 Used Oil12 Used Oil
FTIR of B20 vs. PC10 EOT OilFTIR of B20 vs. PC10 EOT Oil

Methyl Ester
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SummarySummary
Examination of the control parameters for Examination of the control parameters for 
these engine tests:these engine tests:
–– All wear data within acceptance limitsAll wear data within acceptance limits

No evidence of unique, higher wear type of sootNo evidence of unique, higher wear type of soot
–– All controlled piston / ring deposits within All controlled piston / ring deposits within 

acceptance limitsacceptance limits
–– Low temperature viscometrics not an issueLow temperature viscometrics not an issue
–– Only Pb Corrosion and T 12 oxidation are worse Only Pb Corrosion and T 12 oxidation are worse 

than acceptance limitsthan acceptance limits
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Summary (contSummary (cont’’d)d)

Non rated engine parts appeared clean Non rated engine parts appeared clean 
and free of sludgeand free of sludge
General trend toward higher TAN General trend toward higher TAN 
–– Without corresponding loss of TBNWithout corresponding loss of TBN
IR shows more oxidation and estersIR shows more oxidation and esters
–– ““OxidationOxidation”” not clearly associated with not clearly associated with 

viscosity increaseviscosity increase
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Summary (contSummary (cont’’d)d)
Mack TMack T--12 issues 12 issues 
–– Sensitive to oxidation and TAN / TBN Sensitive to oxidation and TAN / TBN 
–– Oxidation and Pb corrosion are an issue Oxidation and Pb corrosion are an issue 

Also reported by Infineum & Oronite papersAlso reported by Infineum & Oronite papers

–– Piston deposits (not normally rated) show similar range Piston deposits (not normally rated) show similar range 
of TLC, Demerits for B20 vs. PCof TLC, Demerits for B20 vs. PC--10 fuel10 fuel

May indicate that an oil could demonstrate some May indicate that an oil could demonstrate some 
level of level of ““Biodiesel PerformanceBiodiesel Performance”” by passing a by passing a 
Mack TMack T--12 using B12 using B--20 blended with PC20 blended with PC--10 fuel. 10 fuel. 
High fuel dilution not represented in this testingHigh fuel dilution not represented in this testing
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